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Plasmonic nanoparticles

[Yury V. Stebunov. et al., 2018]

Are used in high efficiency 
sensors for:

Detecting of cancer cells

Diagnostics of viral diseases

Cytological studies

[Egorov А. М. et al., 2014]

[Chung J.W. et al., 2005]

[Egorov А. М. et al., 2014]

[Pranveer Singh., 2016]



[Rubat du Merac M. et al., 2013]
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Spinel ceramic

High radiation resistanse

Optical window (0.2-7 µm)

High resistance to mechanical 
stress

[Gritsyna V., Kazarinov Y., 2018]

[Rbaut du Merac M. et al., 2013]

[Ibarra A., Garner F. A., Hollenberg G. L., 1995]



Aim and tacks

The aim of this work is to study the evolution of the plasmon
characteristics of metal copper nanoparticles upon stepwise
annealing in air.

Tacks:
1. Ion modification MgAl2O4:Cu2+;
2. Attestation samples;
3. Investigation of optical absorption during stepwise thermal

annealing;
4. Result analysis.
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XRD

Samples Phase Lattice 
constant , Å

CSR, 
nm

Initial 100% 
MgAl2O4

Fdത3m

8,0857 180

1x1017cm-2 100% 
MgAl2O4

Fdത3m

8.086(4) 170
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No new phases were found after
implantation.

Alternative methods of analysis should be
used.



Raman spectroscopy 
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After ion implantation, new modes 
characteristic of CuO are recorded. 
New modes are registered only 
when focusing on the ceramic 
surface.

In addition, there are modes 
characteristic of "normal" spinel, 
and spinel with a high 
concentration of anti-site defects 
(marked with an asterisk)
Mg2+|Al3+ и Al3+|Mg2+. 



Optical absorption spectroscopy

Ion implantation causes the 
formation of intrinsic defects with 
the formation of F and F+ centers, in 
the range of 4.5 - 5.5 eV.

There is a charge exchange of 
optically active anti-site defects 
responsible for absorption in the 
spectral region 3.2 - 4.5 eV.

At implantation doses of 1x1017cm-2, 
a maximum of 2.1 eV is formed in 
the optical absorption spectra, 
which is characteristic of the surface 
plasmon of copper nanoparticles.
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Stage annealing

At low annealing
temperatures, two absorption
peaks are recorded (2.1 and
2.2 eV), which indicates the
ellipsoidal nature of the
nanoparticles.
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With an increase in 
temperature, the position of 
these peaks shifts, and the 
formation of one broad extremum at 2 eV, which indicates 
the oxidation and coarsening of copper nanoparticles.



Activation energy of oxidation

At least 3 special region can be 
notice in F(1/T) curve

Arrhenius equation for linear part 
give as:

𝑘 𝑇 = 𝐴 ∗ 𝑒
−𝐸𝑎
𝑅∗𝑇

Ea ≈ 25 ± 1 kJ/mol

For bigger copper NP:

[Susman M. D., et. al., 2017]: 
Ea = 144 ± 6 kJ/mol

No oxidation

Saturation

2Cu + O₂ = 2CuO



Model of copper NP oxidation
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[Susman M. D., et. al., 2017]

Oxidation occurs deep 
into the nanoparticle

Oxidation on the surface 
of a nanoparticle by the 
Kirkendahl mechanism 

(due to accelerated 
diffusion of copper 

through vacancy 
channels)

Oxidation occurs as a 
result of both the first 

and second mechanisms



Our model

Oxidation occurs 
according to the 
Valenci-Carter 
mechanism.

In the process of 
oxidation, the metal 
core of the 
nanoparticle acquires 
a spherical shape, 
which is reflected in 
the absorption spectra 
in the form of a single 
SPR peak.2 SPR maxima 1 SPR maximum Low-energy bias



Conclusion

Ion implantation is a convenient way to form elongated plasmonic
nanostructures in radiation-resistant materials

Raman spectroscopy is most acceptable method for the analysis of
ion-modified ceramics.

The evolution of plasmonic nanostructures under the influence of
temperature occurs in 3 stages :
I – processes not correlated with an increase in temperature due to
oxidation of the more active edges of the ellipsoid;
II – oxidation of the metal part of the nanostructure, with activation
energy Ea ≈ 25 ± 1 kJ/mol;
III – completion of oxidation process.
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Thank you for your attention 
=)


