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Abstract 

This short review paper describes how earth-abundant plasmonic nanoparticle 

(specifically Magnesium, Aluminium and Sodium nanoparticles), which have 

not been given much attention possess advantages over conventional plasmonic 

particles, and can be used to achieve efficient upconversion luminescence – the 

enhancement of low energy excitations - due to their availability and stability. 

They can be used to achieve high upconversion luminescence efficiency by 

coupling their plasmonic resonances with the upconversion particles due to their 

localized field enhancement effect.  

Copper nanoparticles just like any other plasmonic nanoparticles can be used 

for Metal Enhanced Fluorescence. A major advantage of Earth abundant 

nanoparticles is that they are more stable and readily available to be used in 

industrial applications for example in photovoltaic cells. 
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Introduction 

Conventional plasmonic materials like Au and Ag are rare and unstable, they 

also pose financial constraints for real world technological applications of 

plasmonic materials. Plasmonic materials have promising applications in fields 

that range from agriculture to bioimaging because of their ability to manipulate 

light (since they have smaller wavelength) due the presence of Surface Plasmon 

Resonance which gives a desirable property known as upconversion 

luminescence that enables conversion of low energy excitations into high 

energy emissions but with the challenges posed by rare materials like Au and 

Ag nanoparticles (NP), we need to study upconversion luminescence in 

alternative plasmonic materials (like Al, Mg, Cu and Na) which are more 

accessible.  

Earth-abundant metals are majorly transition metals like copper and iron (also 

inexpensive metals like Aluminium and Magnesium) which are stable, have 

multiple valences and form coloured complexes and are readily available for 

large-scale industrial applications. 

Plasmonic properties (LSPR) have been observed in metals such as Mg and Al 

that have been catalysed with Platinum-group metals, but LSPR in these 

nanoparticles depend on the size and shape of the nanoparticles and also the 

level of doping with platinum group metals. 

Size of nanoparticles, determined during the fabrication process, affects the 

peak and bandwidth of SPR, when the particle size decreases from 20 to 12 nm 

a blue shift (due to radiative depolarization) in the band occurs, but from a 12 

nm diameter, a red shift occurs. 

 

 

 

 

 

 

 



 

LSPR in Earth Abundant Metal Nanoparticles 

 

Fig. 1. Experimental Spectra of H2/O2 cycles in Mg/Ti/Pd disks - excitation of 

hydrogen/oxygen is used to describe plasmonics in the visible wavelength range. Adapted 

from [‎[3]] with permission from © 2018 American Chemical Society. 

 



 

 

Fig. 2. Powder Xray diffraction pattern of Mg nanoparticles exposed to air. Adapted from [‎[4]] 

with permission from © 2018 American Chemical Society. 

Several factors affects plasmonics in earth-abundant metal nanoparticles, the 

resonance frequency of plasmonic resonance in metallic nanopartcles is dictated 

by its geometry, this resonance also depend upon composition of the 

earth abundant metal nanoparticles. For instance, magnesium nanoparticle is 

capable of sustaining resonances across UV and NIR spectrum, tuning the shapes 

and sizes of magnesium NPs allows manipulation of local electric fields and 

resonant energies across different spectra. 

 

E. Ringe et. al 2010, used highly resolved transmission electron microscopy -

LSPR method on one partcle to demonstrate the effect of geometry and 

composition, and substrate index of refraction on the plasmonic properties of 

some nanostructures and also changing  its form or other factors causes 

a change to the plasmon band. The plasmonic resonance depends on the index of 

refraction of the medium and therefore the particle according to: 

 

λmax =‎λp√2ηm
2+1 

 

wavelength of LSPR inside a condensed matter is denoted by λp,  and‎ ηm is 

the index of refraction of the medium. 



 

The fabrication technique of nanoparticles is vital because it dictates the 

dimensions and morphology which plays a part in realisation of plasmonic 

resonances in metals. Another factor which will alter plasmonic resonance 

band is the temperature. Reports have shown that SPR peak broadens and 

the intensity decreases after increasing temperature from 1.5 to 300 K for Gold 

and Silver nanoparticle clusters on a glass matrix, increasing temperature also 

correspond to decrease in density of free-electrons (as a result radiation damping 

causes lowered plasma frequency) and NP volume increase, that is why there is 

a shift and widening of SPR peak. [‎[2]] 

The nature of the medium (with ion exchange) where NPs are present can alter SPR 

band position by affecting the Fermi level. In core-shell structures, where the 

properties (affected by core to shell ratio) change from the original properties of the 

constituent nanoparticles, an outer layer is used to modify the surface, optical or 

magnetic properties of an inner core particle which is done by either coating the 

nanoparticles on a preformed core or growing alternating layers on a surface modified 

nanoparticle. Plasmonic NP like magnesium can be used together with carbon as outer 

shell to protect magnetic cores made from iron from oxidation and corrosion, dye 

mixed with silica shell used to coat magnetic iron oxide cores helped enhance 

photoluminescence in the shell (at the same time improving magnetism from the core), 

also coating silica core with a gold shell helps modify position of surface Plasmon 

resonance. 

 

Upconversion Luminescence and Fluorescence 

Upconversion luminescence is an effect in which photons of low energy 

excitations produce high energy emissions. Upconversion nanoparticles which 

convert these low energy photons into high energy emissions have attract 

interest from scientists because of some of their unique photophysical 

characteristics like long luminescence lifetime and resistance to photobleaching. 

These properties have made them candidates for applications in fields such as 

display technologies, biomedical imaging, lightsource and solar energy 

harvesting. 

Lanthanide doping of upconversion nanoparticles have been the major process 

of achieving upconversion luminescence in nanoparticles, since the Lanthanide 

ions (where electronic transitions occur in the 4f electron shells) acts as a 

sensitizer ion for activator ion of UCNP, Earth-abundant metal Na is sometimes 



utilized as a component of the core shell structure for improving enhancement 

ability of upconversion nanoparticles. The problem of low upconversion 

luminescence efficiency, the quality of the intensity of upcoversion 

luminescence, leads to a number of approaches for overcoming the barrier, the 

most promising of which is the enhancement of electric field by plasmonics [‎[6]]. 

In this method, plasmons (LSPR) are utilized to enhance absorption, emission 

and energy transfer processes occurring during the upconversion.  

Photoactive complexes formed from ligands and Earth-abundant metals also 

have long lived excitations due to their photophysical properties [‎[15]][‎[16]] 

which can be exploited in optical research. L. A. Büldt and O. S. Wenger 

described the use of chelating diisocyanide ligands to enable Mo(0) and Cr(0) 

complexes with d
6
 electron configuration exhibit photophysical properties 

common with Ru(II) polypyridines or cyclometalated Ir(III) complexes (metal-

ligand charge transfer). Some research papers have shown how Salen (and 

similar ligands) and its metal complexes can act as fluorophores for probe 

molecules due to its ability to carry oxygen and how traces of elements, cyanide 

and peroxides can be discovered through fluorescence property of Salen, its 

derivatives, and its complexes [‎[2]]. This property makes it easy for Salen 

complex of Manganese to detect DNA traces in solutions [‎[44]] through 

hypochromic shift in the ultraviolet absorption spectra.  

This property can be utilized in metal enhanced fluorescence (MEF), MEF is 

similar to upconversion luminescence in that they take advantage of SPR from 

metals to transfer energy needed for enhancement of optical excitations. S. 

Pawar et. al 2019 reported the use of Au NPs for enhancement of fluorescence 

intensity in bipyridine-based construct 4-(pyridine-2-yl)-3H-pyrrolo[2,3-c] 

quinoline (PPQ) after binding with Zn
2+

 [‎[19]]. Fares et al reported enhancement 

of photoluminescence of Erbium (III) ions in tellurite using plasmonic 

resonance. 

 

Plasmon-enhanced Upconversion Luminescence and 

Fluorescence Enhancement 

The “plasmon enhancement effects on UCL involve various processes including 

the absorption, emission, and energy transfer processes, as described below. 

Briefly, they are the (1) absorption enhancement of the sensitizer through the 



localized optical field, (2) modulation of the decay rate, emission intensity, 

spectral profile, and quantum yield via the Purcell effect, and (3) enhanced 

energy transfer process from the donors to acceptors”‎ J.‎Liu‎ et‎ al,‎ 2018 [‎[6]]. 

The most reported method of Plasmon-enhanced upconversion is by the 

enhancement of energy transfer, which is obtained through the interaction of 

free electrons in the acceptor of metallic structures and upconversion 

nanoparticles. 

Plasmon enhanced upconversion can also be realised by overlapping LSPR with 

the upconversion emission wavelength in the plasmonic upconversion 

nanoparticle system. 

 

Fig 3. HAADF-STEM, SYEM-EELS maps of Plasmon modes from Gaussian fitting and 

STEM-EELS map of oxygen for a 284 nm Mg NP obtained over three months post synthesis. 

Adapted from [‎[4]] with permission from © 2018 American Chemical Society. 

Since LSPR effect enables enhancement of local field in the region of the 

nanoparticles, periodic structures can be used to provide well defined coupling 

conditions for the irradiating light to achieve the absorption enhancement, 

therefore increasing absorption of sensitizer ions and also enhancing the 

emission intensity of plasmonic upconversion nanoparticles can lead to 

enhancement of upconversion luminescence by matching their combined 

plasmonic resonance with a field excitation. This concept is similar to effects in 

Metal Enhanced Fluorescence; the lightening rod effect where enhanced 

absorption supports enhanced emission and radiation of coupled fluorescence 

by surface plasmons induced in metals by fluorophores (Surface-Plasmon-

Coupled Emission). In the latter, the intensity of enhancement is determined by 

the‎metallic‎nanostructure’s‎geometry, this can also be affected by non-radiative 

dissipative losses in metals (ohmic loss etc.) as they can lead to quenching of 

the enhancement. 



Increasing the efficiency of emission through the scattering of nanoparticles and 

improving the radiative decay rate of close fluorophores with a change in the 

fluorescence quantum yield and lifetime, and also increasing the near field 

around the fluorophore helps improve Metal Enhanced Fluorescence. 

Studies reported the use of silver island films (SIF) and other silver surfaces, 

which can be explained using radiating Plasmon mode, to improve the intensity 

and photostability of fluorophores having low quantum yield based on their 

modes of interaction with the fluorophores. [‎[37]][‎[37]][‎[39]][‎[39]][‎[41]] 

 

Utilizing Earth Abundant Nanoparticles in Metal 

Enhanced Fluorescence and Plasmon-enhanced 

Upconversion Luminescence and Fields 

 

Fig 4. Enhancement factor for UCL of NaYF4/Au nanorods, NaYF4/Opal photonic crystals 

(OPCs), NaYF4/Au nanorods/OPCs with/without core-shell structures. Adapted from [‎[11]] 

with permission from © 2016 John Wiley and Sons. 

Enhancement of upconversion emission by plasmonics would not only increase 

emission efficiency but increase the rate of radiative decay – as described in 

Figure 4 above, enhancement of the NaYF4 hybrids depend on SPR between 

NaYF4, opal photonic crystals and Au NRs, and not dependent on the structure 

of NaYF4. Earth abundant metals Na and Al used in NaYF4, SiO2 and Al2O3 

shells respectively, which are used as spacers to achieve emission enhancement 

in the core-shell plasmonic upconversion nanoparticle structures since metallic 



nanoparticles like Au NP shell attached to upconversion NP surface may also 

suppress the emission due to quenching. Quenching is suppression of radiative 

emission of photon from an atom close to a nanoparticle, it is the opposite of 

enhancement which is described by a factor known as quantum yield. 

As plasmonic nanoantennas, Al plasmonic nanostructures are advantgeous over 

conventional metal nanostructures because they can reach parts of the 

electromagnetic spectrum requiring short-wavelength (plasmon resonance of 

Aluminium nanoparticles can extend to the ultraviolet spectrum because Al d-

band lies above the Al Fermi energy band) and also because they are compatible 

with complementary metal-oxide-semiconductors. These devices can focus 

radiation in to the sub-diffraction limit also couple out stored energy, making 

them emitting antennas, which helps control and visualize the optical field on 

the nanometre scale. 

For solar cell designs with plasmonic cavities containing low minority carrier 

lifetime semiconductor, Al NPs are also utilized in metallic thin film materials 

with coaxial holes used as nanoantennas to realise field enhancement by fifty 

folds [‎[2]]. Al was also used in a “V-modelled antenna with two coherent point-

dipole sources described in a study that showed the origin of unidirectional 

scattering of light as the phase and amplitude matching occurring at the Fano 

interference between two localized surface plasmon modes in a V-shaped NP” J. 

Jana et al 2016 [‎[2]]. 

Cu nanoparticles can be used to strongly enhance the Raman scattering intensity 

from particles absorbed on its surface, due to its plasmonic nature, a term 

known as Surface Enhanced Raman Scattering (SERS). 

Cu nanoparticles just like Au and Ag nanoparticles exhibit Metal Enhanced 

Fluorescence (MEF), but Ag is used more because the imaginary parts in the 

dielectric function, which the absorption cross section rely on, is more 

favourable as compared to the others for example Cu where a close distance to 

the fluorophore causes its enhanced emission to quench. But MEF in Cu is 

based on scattering of its NP for increasing the coupling efficiency of the 

fluorescence emission to the far field in smaller NP (100 nm) with a high aspect 

ratio, leading to a decrease in the effect of ohmic losses on MEF. 

 

 



 

 

 

 

Conclusion 

As earth-abundant metals like Magnesium and Aluminium continue to reveal 

exciting plasmonic properties, it is clear that they can rival conventional 

plasmonic materials like Gold and Silver in certain areas due to their stability, 

cost of acquiring for large scale production (as compared to precious metals Au 

and Ag) and plasmonic activities in the visible light, Ultraviolet and Infrared 

ranges. They have also proven to be very useful in the areas of Plasmon 

enhanced upconversion, far field enhancement and metal enhanced fluorescence, 

which this paper focuses on. 

Cu proves useful as a candidate for surface-plasmon-coupled emission in metal 

enhanced fluorescence due to the scattering of its NP and also in surface 

enhanced Raman scattering – a method used to detect presence of biomolecules 

of low abundance in biofluids. Al, another earth abundant metal is a great 

candidate for field enhancement as it can serve as a nanoantenna for absorbing 

and focusing light into a sub-diffraction limited volume and also control and 

visualize the optical field on the nanometre scale. Other earth abundant metals 

like Na are used in core-shell structures which depresses quenching in 

plasmonic upconversion nanoparticles. Al is very useful in many areas of 

research because of its plasmonics in the UV and IR range. 

Properties like size, shape, Fermi level, fabrication technique used to create 

them and the nature of the medium they are placed in dictates the plasmonic 

effects in earth abundant metal nanoparticles and others alike. 
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Glossary of Terms 

HAADF: High angle annular dark field  

STEM: Scanning transmission electron microscopy  

EELS: Electron-energy loss spectroscopy 

NP: Nanoparticle 

LSPR: Localized Surface Plasmon Resonance 

SPP: Surface Plasmon Polariton 

SPR: Surface Plasmon Resonance 

HRTEM: Highly Resolved Transmission Electron Microscopy 

MEF: Metal Enhanced Fluorescence 
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