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Editorial on the Research Topic 

Recent Trends in Optical and Mechanical Characterization of Nanomaterials 

Over the course of the past few years we have witnessed a series of 

paradigm shifts in many critical fields of science driven by the development 

of novel nanomaterials. At present, applications of these nanostructured or 

nanosized advanced materials impact almost all aspects of modern life. One 

of the critical fields that have been tremendously impacted by nanomaterials

is medicine. Among the wide range of biomedical applications that are 

augmented by the ingenious use of novel nanosized materials, we feel 

important to mention nanomaterial-based Point-of-Care (POC) devices that 

can provide a quick screening or diagnostics test, in an affordable way, next 

to the patient, including in low-resource settings. The reason for highlighting 

this specific application relates to the current global health emergency (

Sohrabi et al., 2020 ) taking place at the time of writing this Editorial, when 

all eyes are on the SARS-CoV-2 virus ( Zhu et al., 2020 ) pandemic. In less 

than 6 months since the first diagnosed case in China, we have witnessed a 

very swift spread resulting in millions of confirmed cases and hundreds of 

thousands of deaths. These numbers have to do with the limited availability 

of tests (hence low testing rate), given that testing represents the key to 

addressing any epidemy, so that infected subjects can be identified and 

isolated. As the number of SARS-CoV-2 cases exploded in very short time, 

the demand for fast and precise testing tools skyrocketed, but this surge 

could not be handled by means of traditional tests, e. g., real-time reverse-

transcription polymerase chain reaction (RT-PCR) ( Corman et al., 2012 ), so 

alternative solutions had to be rapidly identified ( Sheridan, 2020 ). A 
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question that naturally arises in the context of this Research Topic is the 

following: could nanomaterials be of help in such situations, so that in the 

future they will provide reliable and accessible solutions capable to face 

potential similar problems more efficiently? Recent progress in nanomaterial-

based POC devices surely suggest so ( Ge et al., 2014 ; Wang et al., 2016 ; 

Hu et al., 2017 ; Quesada-González and Merkoçi, 2018 ; Xia et al., 2019 ). 

Further efforts in this direction will surely soon result in very efficient, 

affordable, and easily accessible solutions to diagnose infectious (but also 

non-communicable) diseases. Important side effects of this challenging 

COVID-19 crisis such as reduced transportation or industrial activities, with 

lockdowns instituted in many countries across all continents, were found to 

reflect in our surrounding environment ( Aloi et al., 2020 ; Isaifan, 2020 ). We

have witnessed bluer skies, fresher air and cleaner water, features that we 

certainly do not want to lose once this pandemic will end, and things return 

to normal. We can raise once more the same question, could nanomaterials 

be of help? The answer is again “ Yes,” and for this we want to recall that 

massive progress has been reported lately in the field of nanomaterials that 

can adsorb or degrade pollutants ( Khin et al., 2012 ; Gong et al., 2018 ; Lu 

and Astruc, 2018 , 2020 ; Wen et al., 2019 ; Wu et al., 2019 ). Extending 

these efforts will, without doubt, contribute significantly to the sustainability 

of our surrounding environment. Green energy is a closely related field that 

also greatly benefits of key advances in nanomaterials ( Fan et al., 2016 ; 

Sun et al., 2017 ; Abdalla et al., 2018 ; Ullattil et al., 2018 ; Arunkumar et al., 

2019 ). Endeavors addressing this critical domain will surely help sidelining 

fossil fuels not far from now, which is a tremendously important objective if 
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considering that greenhouse gas emissions are among the major 

contributors to the global warming phenomena ( Lashof and Ahuja, 1990 ; 

McGlade and Ekins, 2015 ). 

All these scientific and technological enterprises focused on harnessing the 

immense potential of nanomaterials to completely revolutionize critical fields

and improve our life would not be possible without the availability of a wide 

range of investigation techniques, methods, and protocols. These allow the 

in-depth characterization of nanomaterials and related processes at 

sufficient spatial and temporal resolution to accurately understand their 

properties and characteristics. Such thorough understanding is fundamental 

for improving synthesis protocols, for discovering hidden potential or faults, 

for predicting behaviors and for many other equally important tasks. 

Needless to say, the number of physico-chemical properties that require to 

be probed and characterized for achieving in-depth knowledge of any 

emerging advanced material is huge. However, probably not many will 

contradict that the optical and mechanical properties are some of the most 

important to consider ( Tan and Lim, 2006 ; Zhang, 2009 ; Guo et al., 2013 ; 

Bauer et al., 2017 ; Papageorgiou et al., 2017 ). Such properties can account 

for the different ways by which a nanomaterial can: interact with a biological 

structure ( Anselmo et al., 2015 ; Yao et al., 2020 ), enable functional 

scaffolds ( Castro et al., 2015 ; Zhang et al., 2018 ), report a diseases marker

( Huang et al., 2007 ), provide contrast in bioimaging ( West and Halas, 2003

; Le Trequesser et al., 2013 ), deliver drugs ( Rwei et al., 2015 ; Yang et al., 

2016 ), signal an environmental condition ( Mauter and Elimelech, 2008 ; Su 

et al., 2012 ; Maduraiveeran and Jin, 2017 ), harvest energy ( Wang, 2012 ; 
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Fan et al., 2016 ; Ishii et al., 2019 ), enforce security ( Arppe and Sørensen, 

2017 ; Liu et al., 2019 ; Ko et al., 2020 ) etc. Noteworthy, the optical and 

mechanical characteristics of nanomaterials are bound in many ways, and 

investigating them in-tandem with complementary techniques addressing 

both parts can reveal significant aspects that enable better functionalization 

strategies and enhanced applications ( Gilroy et al., 2016 ; Zheludev and 

Plum, 2016 ; Ling et al., 2018 ). 

The Frontiers in Chemistry Research Topic entitled “ Recent Trends in 

Optical and Mechanical Characterization of Nanomaterials” is comprised of 

four contributions presenting both original research and one review, touching

hot subjects that can promote the further translation of latest generation 

nanomaterials to pioneering nanotechnologies. In the Review article of 

Kröner and Hirsch the authors discuss different characterization methods for 

two-dimensional carbon-based materials, ranging from light microscopy, 

scanning electron microscopy, transmission electron microscopy, scanning 

transmission electron microscopy, scanning tunneling microscopy 

(conductive), atomic force microscopy, scanning electrochemical 

microscopy, Raman spectroscopy, UV–vis, X-ray photoelectron spectroscopy,

X-ray fluorescence spectroscopy, energy-dispersive X-ray spectroscopy, 

Auger electron spectroscopy, electron energy loss spectroscopy, X-ray 

diffraction, inductively coupled plasma atomic emission spectroscopy to 

dynamic light scattering. They highlight how these methods are of utmost 

importance for resolving fundamental properties of the 2D materials, such as

their size and shape, layer structure, conductivity, defects, chemical 

composition, and others. The final choice on what method to apply depends 
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on the nanomaterial sample and the specific scenario that researcher deals 

with. Switching our attention to original research efforts, in the interesting 

experiment presented by Bonatti et al. , a recent fully atomistic model, ωFQ, 

that relies on the Drude theory, electrostatics, and quantum tunneling 

concepts, is employed for calculating the optical properties of complex Na, 

Ag, and Au nanostructures characterized by different geometrical 

arrangements. The results achieved by means of ωFQ are compared with 

those that can be obtained using continuum Boundary Element Method 

(BEM) calculations, and an insightful discussion on theoretical analogies and 

differences between the two alternatives is carried out, highlighting the 

physical quantities underlying both approaches. One of the most important 

conclusions is that the main difference between ωFQ and BEM is that the 

ωFQ approach retains the atomistic nature of nanoparticles, while BEM 

models such nanomaterials only in terms of their surface. Also addressing 

noble-metal nanomaterials, Gambucci et al. , present a new method for 

preparing free-standing keratin-based films containing Au/Ag nanorods. A 

special focus is placed on assessing how the surface chemistry of the 

considered nanostructures influences the optical and mechanical properties 

of the developed keratin composite films, also highlighting 

interdependencies that exist between these characteristics. In this extensive 

analysis, they present important findings such that the Ag/Au nanorods: (i) 

confer to the keratin films interesting color effects as a result of the 

plasmonic absorptions (ii) significantly modify keratin's fluorescence 

emission, (iii) favor the presence of more packed supramolecular structures 

in the films, or (iv) induce an increase in the Young's modulus of the keratin 
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thin films. These results show that by tuning one or more properties of the 

Ag/Au nanorods, a wide range of simultaneous effects in terms of the keratin 

thin film's characteristics take place. Also focusing on the fluorescence of 

nanomaterials and related properties, Genovese et al. introduce with their 

valuable work a new type of multifluorophoric silica nanoparticles which they

design to efficiently absorb the Cerenkov radiation (CR), a type of 

electromagnetic radiations whose utility for enabling in-vivo imaging is 

gaining increasing attention. The proposed contrast agents are doped with 

five different dyes and can efficiently convert part of the CR into near-

infrared fluorescence, improving tissue penetration, one of the most 

important bottlenecks of Cerenkov luminescence imaging (CLI). Given that 

the brightness of the proposed NPs is remarkably high with many different 

excitation/emission filter setups they are compatible with a wide variety of 

CLI configurations that differ in terms of illumination lines. The authors show 

that their proposed nanomaterial can enable imaging of deep tissue 

features, demonstrating tissue detection exceeding 1. 0-cm depths, pushing 

forward the state-of-the art on CLI. 

This collection of articles demonstrates once more the importance of 

employing modern tools and approaches to characterize nanomaterials from 

various optical and mechanical perspectives. By understanding in high-depth

their properties, new breakthrough applications that augment the current 

state-of-the art in critical fields of science and technology can be achieved. 

In this context, we find noteworthy to mention that one of the great 

opportunities in nanomaterials research is artificial intelligence (AI) ( LeCun 

et al., 2015 ). Synergistically combining characterization techniques with AI 
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methods will result in unprecedented possibilities, unavailable with 

experimental-only approaches, as emerging work on the topic demonstrates 

( Goh et al., 2017 ; Wang et al., 2019 ). Bridging the communities of 

materials and AI scientists will be one of the main important challenges to 

achieve new paradigms and approaches in nanomaterials characterization 

that can give rise to an exponential growth of novel applications and hugely 

enhance current ones. 
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