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Nanofluids, i. e. liquids containing dispersed nanoparticles, are gaining increasing interest since the first use of this designation by 

Choi in 1995 [1]. The primary application for heat transfer as a thermally conductive fluid for cooling is nowadays expanding to 

sensors, lubricants, magnetic sealing or solar energy collectors. The unique properties of nanofluids arise from the synergy between 

nanoparticles and the surrounding medium. Our study concerns Ag and Au nanoparticles which belong to plasmonic nanoparticles 

with the localized particles plasmon resonance (LPPR) in the region of visible light which makes them and their colloidal suspensions 

attractive for optical applications.  

There are numerous preparation methods of nanofluids, among them the very straightforward and solvent-free is magnetron sputtering 

of metals on the surface of vacuum-compatible liquids (oils, ionic liquids, and polymers). In this method nanoparticles are formed at 

the vacuum-liquid interface [2]. In our work, the nanoparticle synthesis takes place in the gas phase prior to their landing onto the 

liquid. Silver and gold nanoparticles were prepared using a magnetron-based gas aggregation cluster source and subsequently 

deposited into liquid polyethylene glycol (PEG).  

The main aim of our study is to determine the stability of Ag and Au nanoparticle dispersions in PEG and to understand the post-

deposition processes inside the nanofluids comprising nanoparticles prepared by aggregation from the gas phase. Solutions with 

different mass concentration of nanoparticles were prepared by controlling the deposition time reaching tens of mg/ml, a value typical 

for commercially-available Ag colloidal solutions. To investigate the size distributions and interactions between nanoparticles inside 

the colloidal suspensions the small angle x-ray scattering (SAXS) was used. We performed SAXS measurements repeatedly during six 

months to determine the suspension stability. The x-ray diffraction proved the crystalline nature of nanoparticles and also the changes 

in the amount of material dispersed in the suspension. The optical properties of individual suspensions were analyzed by UV-Vis 

spectroscopy. TEM and SEM measurements of nanoparticles separated from the suspensions were performed to validate the results 

obtained by the scattering methods.  

Prepared Au nanoparticles have bimodal size distribution with mean sizes 13 nm and 40 nm and the corresponding absorption peak 

associated to the LPPR is observed around 550 nm in the UV-Vis spectrum. In the case of Ag nanoparticles dispersion, UV-Vis 

spectroscopy shows the maximum corresponding to the LPPR of individual separated nanoparticles around 410 nm and another 

maximum at larger wavelengths corresponding to nanoparticles aggregates for freshly prepared samples. This observation was further 

confirmed by SAXS, the mean size of single nanoparticles is around 10 nm and the nanoparticles interact through the hard-sphere 

interaction. The hard-sphere volume fraction however decreases in time and after two months is not detectable anymore. The resultant 

suspension exhibited characteristic plasmonic colour in the yellow/orange range and is expected to be stable over extended periods 

due to constrained mobility of PEG’s macromolecular chains.  
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