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1. INTRODUCTION 

 

One of the most rapidly developing and impactful field of science of the 

latest decades is nanotechnology. Size distribution, shape, composition, 

porosity, etc. of nanoparticles (NPs) greatly affects their application potential, 

thus, the fine-tuning of particle properties and their characterization is an 

important task. 

A wide set of methods is available for the investigation of particle 

characteristics. It is worth emphasizing though that there is no universal 

method that would be capable of a full characterization of NPs, hence several 

methods needs to be combined. The calibration and validation of 

measurements is often challenging (due to that e.g. NP standards are still not 

widely available, sample amount is typically very small, etc.), thus the 

expectable accuracy and relative standard deviation are quite limited (e.g. 10-

20%). These needs and difficulties, especially in the fields of analytical and 

materials science, create a constant need to develop new NP characterization 

methods. 

One of the most widely used analytical method for the quantitative 

analysis of multi-component NPs is inductively coupled plasma mass 

spectrometry (ICP-MS). This is enabled by the outstanding absolute detection 

limits (as low as attograms), as well as the high matrix tolerance of ICP-MS, 

which can be well utilized in e.g. for environmental or nanotoxicology 

investigations in biological/natural media.  

Single particle ICP-MS (spICP-MS) is a novel characterization method 

which was developed for the individual analysis of nano- and submicron 

particles in dispersions. Beside the determination of elemental and isotopic 
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composition, it is also capable of the direct analysis of size distribution and 

particle concentration, and can also provide structure- and shape-related 

information. In the last decade, this technique has been attracting an 

increasing attention in the scientific literature, with the signal formation, 

calibration approaches and application possibilities in the spotlight. 

spICP-MS is a major research direction within our laser and plasma 

spectroscopy research group since 2012. Some of our previous results were 

disseminated in the doctoral dissertation of Ildikó Kálomista, a former 

member of the group, in 2018. She studied the signal formation and 

optimization of experimental parameters of spICP-MS for the case of the 

analysis of single-component (mostly metallic) NPs. My research continued 

her work and focused on spICP-MS and solution mode ICP-MS method 

development for the analysis of multi-component and porous NPs.  

 

 

2. OBJECTIVES 

 

spICP-MS is mostly used for the analysis of one-component, compact NPs in 

the scientific literature. At the same time, multi-component and porous 

particles possess great practical significance, thus, their characterization is an 

important task too. 

For these reasons the main objective of my research was the extension 

of the analytical possibilities of spICP-MS for the determination of the 

composition and other properties (e.g. porosity, density) of multi-component 

NPs with different structures. To reach the analytical goal the investigation of 

the effect of experimental parameters and features of the signal time profiles 
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of multi-component NPs is also needed. I also intended to assess the 

analytical performance of the newly developed methods and make a detailed 

comparison with the alternative particle characterization methods (e.g. SEM-

EDX, TEM, XPS, SAXS, etc.). The analyzed NPs were always dispersed and 

stabilized in aqueous media, and were partly commercially obtained, and 

partly synthesized specifically for my measurements by partner laboratories. 

Currently the literature lacks a systematic assessment and comparison of 

the available ICP-MS based different characterization techniques. Therefore, 

one of my further aims was to perform such a study involving solution-mode 

ICP-MS analysis performed via direct particle nebulization or following the 

acid dissolution of the particles, as well as spICP-MS. 

Last but not least, I also intended to demonstrate the applicability of the 

developed analytical methods in different scientific fields. Among these, 

particular attention was paid to the analysis of binary and tertiary NPs 

synthesized in a spark discharge generator (SDG) which results can shed 

light on the particle formation pathways and possibilities for composition 

fine-tuning. In addition to this, I also describe successful analytical 

applications on nanocatalysts and biological samples. 

   

 

3. RESULTS 

 

My research produced the new scientific results listed below, which form the 

basis of my dissertation. The numbers indicated in brackets refer to the 

number of the related reference in my list of publications:   
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1.) I developed single particle ICP-MS (spICP-MS) analytical methods for 

the quantitative determination of the composition of two-component 

nanoparticles (containing Au, Ag, Pt or Si) with different structures (e.g. 

random alloy, core-shell, composite) dispersed in an aqueous medium. 

The analytical performance of spICP-MS was compared to that of other 

particle characterization methods (e.g. XPS, SEM-EDX, geometric 

based TEM). My results revealed that by using standard particles for the 

size calibration of the technique, and after an optimization of 

experimental parameters and using a proper statistical evaluation, 1-9% 

relative accuracy and 0,8-2,6% precision (RSD) is obtainable for the 

studied nanoparticles and elements. These values are not only 

comparable but, in most cases, superior to those of alternative 

characterization methods [1, 2]. 

2.) I developed a novel spICP-MS based analytical method for the 

determination of the porosity of nano- and submicron particles. The 

applicability of the method was demonstrated by the analysis of 

particles with different structure, composition and size (Au-Ag core-

shell, hollow Au, mesoporous SiO2). The obtained relative accuracy and 

precision were in the range of 1-4% in all cases, which values are 

comparable to the analytical performance of alternative porosity 

determination techniques (e.g. BET gas adsorption, SAXS). I showed 

that the dynamic range of the method in terms of porosity (which is 

affected by the particle size, the isotopic abundance and the ionization 

energy) is about two orders of magnitude: it spans from a few percents 

to up to 99%. The main advantages of the new spICP-MS method 



5 

include that the result considers both open and closed pores, it can be 

used in the whole mesoporous range (2-50 nm), there is no need to 

evacuate the pores prior to the measurements and it only requires a very 

small amount of particulate sample (micrograms). The developed 

method also enables the determination of the density of the investigated 

particles [3]. 

3.)  I identified the limitations of solution-mode analysis both via direct 

particle nebulization and after the acid dissolution of the particles. 

Through the analysis of different nanoparticles (e.g. Au-Ag, Pt/SiO2), I 

proved that these analytical approaches can only provide accurate 

results only in the absence of a significant amount of dissolved analyte 

content. When direct particle nebulization is performed, preliminary 

time-resolved ICP-MS measurements are also needed to verify that the 

dilution of the nanodispersions is appropriate for the dynamic range of 

the detector [1, 2]. 

4.)  I also performed a detailed study of the effect of experimental 

parameters related to the optimization of the analytical performance of 

spICP-MS by normal and high time resolution instruments on the 

analysis of multi-component and porous nanoparticles. Among others, I 

studied the effect of collision cell helium gas flow rate and stabilizing 

agent concentration on the signal intensity of nanoparticles as well as 

the transit time of the ion cloud, the effect of plasma sampling depth on 

the particle size detection limits and the utilization of time resolved data 

on the identification of qualitative particle composition. As a result, for 

example, I could decrease the size detection limit value for compact 
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SiO2 particles from 306 nm to 232 nm, and for Au/Ag alloy NPs (molar 

ratio 1:1) from 39 nm to 31 nm [2, 3].      

5.) Novel ICP-MS based methods (also including sample preparation) were 

developed and successfully applied to the determination and monitoring 

of the composition of multi-component NPs synthesized in spark 

discharge generators. Results from these measurements enable the 

optimization of the experimental parameters of the generator for the fine 

control of particle composition and the assessment of particle formation 

processes. The analytical applicability of the developed methods was 

successfully demonstrated by the measurement of different, Au, Ag, Co, 

W, La, Fe or Si containing two- and three-component 

nanoparticles [4, 5].   

 

 

4. LIST OF PUBLICATIONS 
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