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Particle aggregation or clustering is an obligatory step for the initiation of the phase separation 
or the large-scale formation of materials that exhibit a heterogeneous structure, such as gels 
and porous media. Nevertheless, even though the macroscopic structure of such materials 
depends on the shape and size of the resulting clusters or aggregates, the cluster formation at 
equilibrium and its corresponding morphology are not fully understood. Combining molecular 
simulations, experimental characterizations, and theoretical calculations, we conclusively 
demonstrate that the cluster morphology in short-ranged attractive colloidal systems at and 
around equilibrium conditions can be uniquely determined by the reduced second virial 
coefficient [1]; our findings link the reversible colloidal aggregation with the extended law of 
corresponding states [2]. 
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Research in nanostructured devices for solar energy harvesting and storage are driven primarily 
by the design and development of new materials. In my group, we focus on investigating the 
ramifications of different active materials and architectures on photovoltaic (PV) performance, 
especially device efficiency and stability. In the past decade, organic–inorganic metal halide 
perovskites (MHPs) have emerged as the most prominent new PV material, combining a very 
competitive power conversion efficiency that rivals crystalline silicon with the added benefits of 
solution processability, high specific power, and excellent defect tolerance. However, without 
significant and complicated structural and chemical modifications, MHPs degrade under 
ambient humidity and long-term photo exposure. Here, I will discuss two specific applications 
of nanostructured MHPs which allow circumventing of these problematic issues. The first is as 
the active material in luminescent solar concentrators (LSCs), where, using MHP thin films and 
QDs, we have demonstrated not only an unprecedented optical efficiency of 34.7%, but that 
the devices remain operational for up to seven weeks in ambient conditions. The second 
leverages MHPs’ stable performance in vacuum under AM0 solar radiation and as part of a 
collaboration with the National Aeronautics and Space Administration (NASA), demonstrates 
the long-term viability of using MHP PVs in space, following a 10-month flight on the 
International Space Station. Our studies underline the strong suitability of nanostructured 
MHPs for wide ranging applications, even extending beyond the terrestrial realm.  

This research was supported by funds from the National Aeronautics and Space Administration 
(NASA) grant no. NNX15AQ01A.  
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In this talk we present the synthesis, characterization, and DFT studies of various types of 
hierarchical nanostructures. First, we present the properties of boron nitride (BN) 
nanostructures synthesized by ball milling methodology. The HRTEM images of our samples 
show the formation of spheroidal BN nanoparticles with diameters as small as ~7 nm which 
self-assemble into different hierarchical nanostructures such as two-dimensional layered 
materials, spheroidal configurations, and one-dimensional solid BN chains. The Raman spectra 
reveals an intense absorption band in the 300—600 cm-1 region, which is absent in the spectra 
of BN nanotubes, previously synthesized BN nanoparticles, as well as in all bulk boron-nitride 
polymorphs. DFT calculations show that the Raman spectra is consistent with the formation of 
fullerene-like BN particles. Second, we report the synthesis of extended nitrogen-doped carbon 
nanotube networks at the air/water interface which can be transferred to solid substrates and 
can be used as efficient catalytic materials. Third, we combine the previous N-doped nanotubes 
with spherical vesicles, so called liposomes, and define novel nanostructures that can be used 
as efficient nanotransporters due to its ability to penetrate cell walls and confined sizable 
amounts of relevant biomolecular species.  
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One of the key advances in nanoscience and nanotechnology has been our increasing ability to 
reach the limits of atomically precise structures. By having developed the “eyes” to see, to 
record spectra, and to measure function at the nanoscale, we have been able to fabricate 
structures with precision as well as to understand the important and intrinsic heterogeneity of 
function found in these assemblies. The physical, electronic, mechanical, and chemical 
connections that materials make to one another and to the outside world are critical. Just as 
the properties and applications of conventional semiconductor devices depend on these 
contacts, so do nanomaterials, many nanoscale measurements, and devices of the future. We 
discuss the important roles that these contacts can play in preserving key transport and other 
properties. Initial nanoscale connections and measurements guide the path to future 
opportunities and challenges ahead. Band alignment and minimally disruptive connections are 
both targets and can be characterized in both experiment and theory. I discuss our initial forays 
into this area in a number of materials systems. 

  



 

 
 

Force spectroscopy for the measurement of viscoelastic 
properties in cancer cells with atomic force microscopy 

 

Jorge Luis Menchaca Arredondo 

Facultad de Ciencias Físico Matemáticas, Universidad Autónoma de 
Nuevo León. 

jorge.menchacarr@uanl.edu.mx 

 

The applications of atomic force microscopy in biology are in constant growth as a result not 
only due to its high imaging resolution, but also because it is a tool for the acquisition of precise 
data in a liquid medium. 

With this microscope, scientists have characterized a variety of biological samples from DNA, 
viruses, proteins, lipids, and cellular membranes from extended tissue and other materials of 
biological importance without the problems caused by sample drying or preparation (fixation or 
staining methods). 

This seminar deals with a biological problem from the physical point of view, that is, the search 
for an adequate physical model to quantify the viscoelastic properties of cancer cells, which 
implies the implementation of a methodology to measure viscoelastic properties of cells by 
atomic force microscopy in liquid, to later analyze these measurements from viscoelastic 
models. The models used are constructed from springs and dampers that have been commonly 
employed in the literature, which however show some deficiencies in the representation of 
cellular behavior. Therefore, in this work, viscoelastic models are proposed based on spring-
damper type elements that present an intermediate behavior between these, which are 
governed by derivatives of fractional order, these models better represented the behavior of 
the cell. 
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Water-oil interfaces have become attractive platforms to direct, assemble and manipulate 
nanoparticles for research and applications in diverse fields including colloidosomes and 
Pickering emulsions for pharmaceuticals, cosmetics and food.  In this talk, I will present our 
efforts to understand NP assembly at interfaces of two immiscible liquids.  In addition, I will 
present our work to deliver conventional, molecular surfactants at the interface using the 
nanoparticles as the carriers similar to the targeted and controlled delivery approach used in 
biomedicine. 
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Since its discovery the semiconductor quantum dots (QDs) has been under intense 
research because of their unique quantum confinement properties like increased density of 
states and energy level discretization, which conduces to significant advantages when applied 
to electronic and optoelectronic devices. High efficiency lasers, infrared detectors, storage 
appliances, light emitting diodes (LEDs) and solar cells are some examples of current 
applications of QDs.  In order to take advantage of QDs properties, it is necessary to explore 
mechanisms to successfully stack several QDs´ layers, which depend on many parameters such 
as confining or barrier layers, wetting layers, composition and morphology of the QDs, among 
others. Nevertheless, as any process of encapsulation of strained materials, different effects 
such as intermixing, diffusion, segregation and the strain itself affect the islands geometry and 
therefore their crystal, structural, optical and optoelectronic properties. In this work an in-situ 
study of self-assembing and encapsulation of InAs quantum dots (QDs) within asymmetric 
barriers of (Al)GaAs is presented. It is found that the reduced mobility of In adatoms conduced 
to larger QDs density. This mechanism relieves interface strain and consequently the 2D to 3D 
growth mode transition is delayed for QDs grown on AlGaAs as compared with the deposition 
on GaAs layers. Through the in-situ analysis we concluded that the mobility of In atoms 
decreases the mass transport of 2D and 3D precursors that conduces to the self-assembling of 
the QDs nanoislands, modifying the rate at which the QDs are formed. Further, during the first 
stages of QDs capping it is observed that the III-V materials intermixing plays a predominant 
role. The nanoislands are less affected when are covered by AlGaAs in comparison with the 
GaAs capping, preserving the QDs morphology and avoiding materials alloying. Lastly, 
numerical simulations were performed to evaluate the strain changes using the experimental 
information as input data. 
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I will discuss the properties, fabrication, and characterization of three-dimensional disordered 
hyperuniform silicon networks, a new type of metamaterials displaying photonic features for 
electromagnetic vector waves [1]. I will first present our results on fabricating polymer 
templates of the network structures using direct laser writing (DLW) lithography [2]. Next, with 
infiltration and double inversion, we converted the mesoscopic polymer networks into silicon 
structures with a refractive index near n=3.6. The resulting metamaterials display a pronounced 
photonic gap in the optical transmittance at λ=2.5μm [3]. By shrinking hyperuniform structures 
via heat treatment, we recently pushed the opening near λ=1.5μm, close to telecommunication 
wavelengths [4]. To understand the physical parameters dictating the properties of amorphous 
photonic materials, we have performed extensive numerical simulations of the density of states 
and optical transport properties [5]. To this end, we study the bandgap formation and 
Anderson localization in hyperuniform structures in two and three dimensions. We identify the 
evanescent decay of the transmitted power in the gap and diffusive transport far from the gap. 
Near the gap, we find that transport sets off diffusive but, with increasing slab thickness, 
crosses over gradually to a faster decay, signaling localization [6]. We introduce a the-
 theoretical model based on the self-consistent theory of localization (SC-theory) of a semi-
infinite medium, together with an exponential direct reflection coefficient. We show that our 
model can describe light transmission through amorphous photonic materials over various 
frequencies, encompassing all transport regimes [7]. The agreement of our theory with 
numerical simulations suggests that it could be of considerable value for experimental studies. 
Moreover, this study shows that for an amorphous PBG material in the gap, the mean free 
path is equivalent to the Bragg length in a photonic crystal. This behavior is different from 
disordered photonic crystals, where the Bragg length is set by the periodically repeating 
environment and the scattering length by the degree of disorder. 

 



 

 
 

 

Scanning electron microscope (SEM) images of hyperuniform polymer networks before (60.6 × 
60.6 × 19.5 μm3) and after the heat treatment induced shrinkage (38.3 × 38.3 × 12.2 μm3) [4]. 
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