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Bubble puzzles from fundamentals to applications

DONATE [secure site, no need to create an account] Go to the main content Download PDF Abstract: For centuries bubbles have fascinated artists, engineers and scientists. Despite centuries-old research on them, new and often strange bubble phenomena, features and programs continue to emerge. In this paper, I draw my personal scientific bubble journey, starting with a single bubble snorkeling,
continuing the sound issue and scattering bubbles, cavitations, tethering shrimp, shock events, air sprain, surface micro- and nano-tubers, and finally coming to effective models of strength for bubbles and scattered two-phase flow. In particular, I also cover various applications of bubbles, namely in ultrasonic diagnosis, delivery of medicines and genes, piezo-acoustic inking printing, and immersive
lithograph, sonochilistics, electrolysis, catalysis, acoustic marine geophysical examination, as well as reducing bubble drags for naval vessels, and showing how these applications crossed my path. I am also trying to show that good and interesting fundamental science and appropriate applications are not contradictions, but mutually stimulate each other both ways. From: Detlef Lohse [view email] [v1] Fri, 3
Jan 2020 14:30:43 UTC (6,878 KB) Photo by Heather Smith on Pexels.com Happy 2019! If you find yourself marvelling at growing, rising and bursting bubbles into a glass of champagne this New Year's Eve, read on! Bubbles hide inside a variety of man-made or natural materials and liquids. Many tiny bubbles give texture to chocolate mousse. A few tiny bubbles created when we crack our joints are the
cause of the cracked noise we hear. Huge bubbles form inside volcanoes due to magma decompression as it rises to the Earth's surface. From submimeter to kilometer scales, from industrial to biological processes, researchers seek to understand and control the presence and evolution of bubbles. Together with Benjamin Dollett and Philip Marmottant, we looked at this fascinating theme in Bubble
Dynamics in Soft and Biological Matter. The review of the article will be published in Volume 51 of the Annual Fluid Mechanics Review on January 07, 2019, and is already available online. Looking back on last year, here are some great review documents on the bubbles that appeared in 2018 (not an exhaustive list): Here's another year of discoveries on bubbles leading to advances in fluid dynamics,
electrochemistry, food engineering, geophysics and more! Detlef Lohse University Department of Science and Technology or Twente Abstract: Fluid Physics is a 19th-century discipline, but it is also a challenge for the 21st century. Both assertions of a long tradition as well as a challenge for the future also hold for bubble physics. In this bogomatachi, I'll show some examples for this, including
sonoluminescis, the sound of shrimp binding, cavitation, nucleation, inking, purification, immersive lithograph, lithograph, the use of bubbles, as well as the impact of events on water and soft sand. In particular, I will show how fundamental knowledge on this issue has led to serious advances in several industrial problems in areas with billions of euros of annual turnover. Biography: Detlef Lohse studied
physics at the universities of Kiel and Bonn (Germany), and earned a PhD from Univ. of Marburg (1992). Then he joined The Youngs. After his residence (Marburg, 1997), in 1998 he became chairman at Univ. of Twente in the Netherlands and built a group of physics fluids. Since 2015, he has also been a member of the Max Plank Society and the Max-Plank Institute in Gattingen, and since 2017, professor
emeritus Tsinghaa Iniv., the current scientific interests of Bejing.Lohse are turbulence and multiphase flow, micro- and nanofluidics (bubbles, drops, inking printing, moistening), as well as granulated and biomedical flow. It does both fundamental and more applied science and combines experimental, theoretical and numerical methods. Lochs is the editor of J. Fluid Mech. and Anne Reverend Fluid Meh. He
is a member of the (American) National Engineering Academy (2017), the Dutch Academy of Sciences (KNAW, 2005), the German Academy of Sciences (Leopoldin, 2002) and a research fellow at the APS (2002). He won various scientific prizes, including the Spinoza Prize (NWO, 2005), the Simon Stevin Meister Prize (STW, 2009), the Dutch Society of Physics Physics Award (2011), the AkzoNobel
Science Award (2012), two European Advanced Grants Research Councils (2010 &amp; 2017), George C. Batchelor Prize (IUTAM, 2012), APS Fluid Dynamics Prize (2017), Balzan Prize (2018) and Max Plank Medal (2019). In 2010, he earned a knighthood to become Ridder in de Orde van de Nederlands Leeu. The stability and growth or dissolution of a single surface nanobuble on a chemical-patterned
surface are studied by the molecular dynamics of binary mixture modeling consisting of Lennard-Jones particles (LJ). Our simulations show how fixing the three-phase contact line on the surface can lead to surface nanobubl resistance provided the concentration of dissolved gas is overexertion. We conducted equilibrium simulation of surface nanobubbles at different levels of gas overexertion ζ &gt; 0. The
equilibrium of the contact angle ņe, as it turned out, follows the theoretical result of Lochs and Zhang (Phys. O. E2015, 91, 031003(R)), namely sin ļe = ζL/Lc, where L is the attached length of the trail, and Lc = 4ņ / P0 is the capillary length scale, where γ is a surface tension and P0 is the pressure of the environment. For ζ &lt; 0, the surface nanobuble dissolves, and the dissolution dynamics show the
behavior of the three-phase stick-jump contact line. Page 2Contract angle (CA) of surface nano objects is thought to affect the stability of nanobubles and fluid dragging in micro/nanofludic systems. Ca Nanobubbles in size and is thought to affect the electric double layer caused by surface charge (EDL). However, none of these attributes are well understood. In this paper, by introducing an electrostatic
moistening tension caused by EDL, a theoretical model is initially installed to study the EDLs effect formed near the hard-liquid interface and nanobubble liquid interface in the gas phase of CA nanobubbles. The size-dependency of this EDL interaction is also being studied. Next, using atomic power microscopy (AFM), the impact of EDL on the CA gas phase with variable electrical potential on a solid-liquid
interface that is regulated by applied voltage is studied. Both theoretical and experimental results show that EDLs formed near the solid-liquid interface and liquid-nanobubble interface lead to a decrease in the CA phase of surface nanobobbles due to electrostatic tension of nanobuble due to the attractive electrostatic interaction between liquid and nanobubble in EDL, which is located in the outer direction
of nano-object. EDL with a higher potential zeta value leads to a greater reduction in the CA gas phase. The decline in CA's gas phase through EDL decreases with an increase in nanobubble height and increases with an increase in the radius of nanobubl curvaceous, indicating that surface charge-induced EDL may explain the dependence of ca nanobubl gas phase size. Page 3This persistence of
nanobbles violates Laplas law for bubbles, which is of great interest to promising applications in surface treatment, storage of H2 and CO2, water treatment and delivery of medicines. Until now, nanobubles have mostly been reported on hydrophobic planar substraates with atomic flatness. It remains a problem to quantify nanobubles on rough and irregular surfaces due to the lack of a characteristic
technique that can reveal both nanobubl morphology and chemical composition inside individual nanobuble-like objects. Here, using synchrotron scanning transmission of soft X-ray microscopy (STXM) with nanometer resolution, we distinguish between gas nanoscopic bubbles &gt;25 nm with direct confirmation of O2 inside nanobubbles in the hydrophilic particle-water interface in the surrounding
environment. We find a stable cloud of O2 nanobubbles on the particle-water interface diatomy hours after oxygen aeration and temperature change. The in situ technique can be useful for many surface nanobubbles, such as material preparation and property manipulation, phase equilibrium, nucleation kinetics and chemical composition links in a limited nanoscale space. Clouds of oxygen nanobubles may
be important in modifying particle-water interfaces and offering breakthrough technologies delivery of oxygen to sediment and/or deep water environments. Page 4A thermodynamic analysis of the size, shape and stability of nanobubles is carried out by changing the classical nucleation theory to include dependence on surface tension. It is shown that the free energy of the nanobubl is minimal in the critical
radius when fixing the contact line, that the nanobuble size is determined by the reduction of surface tension caused by the degree of super-calming, and that together they explain the increased angle of external contact of the nanobubl compared to the corresponding angle of the macroscopic bubble or droplets on the same surface. Page 5 The new method of generating nanobubles using microwave
irradiation has been tested and quantifyed. The AFM measurement showed that nano-lobes with a diameter of 200 to 600 nm were obtained on the surface of the water-HOPG, applying microwave radiation to aqueous solutions with solutions of 9.0-30.0 mg/L of dissolved oxygen. Graphite reflects a strong microwave absorption and transmits high thermal energy to the surface. Due to the high dielectric
constant (20 °C, 80 F/m) and the factor of loss of dielectric loss of water molecules have a strong ability to absorb microwave radiation. Thermal and intolerant effects of microwave radiation contributed to the reduction of gas solubility, thus contributing to the nucleation of nanobubles. The yield of nanobubles increased about 10-fold, when the radiation time increased from 60 to 120 s at 200 W of
microwave radiation. Nanobubl density increased from 0.8 to 15 microns-2 by improving operating power from 200 to 600 W. The apparent improvement in nanobubble yields was obtained from 300 to 400 W, and the resulting temperature was 34-52 °C. When initial dissolved oxygen increased from 11.3 to 30.0 mg/L, nanobubl density increased from 1.2 to 13 microns–2. Nano-irradiation generation can be
well controlled by regulating the concentration of gas, microwave energy or exposure time. The method can be valuable in preparing surface nano-tubes quickly and conveniently for a variety of applications, such as catalysis, hypoxia/anosia recovery, and templates for the preparation of nanoscale materials. Page 6If surface processing and modification on nanobuble in water has been resolved by a new
combination of fluorescent image microscopy (FLIM) and atomic force microscopy (AFM). In this study, rhomamine 6G (Rh6G) labeled surface nano-microns originating in ethanol-tap metabolism were studied on a multi-cleaning borosilicated glass, silanized glass, and self-assembled monolayers on transparent gold combined AFM-FLIM. Even though afm data confirmed previous reports of surface nano-
nucleus, the size and visible angles of contact depending on the main substrate, the colorization of these elevated functions with the highly fluorescent functions seen in the confocal intensity images added new information. By a characteristic contribution to Rh6G's agitated state of life in decay curves derived from experiments with counting single photons (TCSPC), a characteristic short-term (&lt;600 ps)
component may be associated with ejection on the gas-water interface. Its collecalization with nanobublical functions in AFM altitude images provides evidence of observation of gas-filled surface nano-ububs. While the glass purified with piranha supported nanobubles, a softer ultraviolet or oxygen plasma treatment provided by glass-water interfaces where no nanobubles were observed by the combined
AFM-FLIM. Finally, the density of nano-tubes is scaled inversely with an increase in surface hydrophobia. Page 7In contact of water with graphene is of fundamental importance and great interest for numerous promising applications, but how graphene interacts with water remains unclear. Here we used atomic force microscopy (AFM) to investigate hydrophilic mucous membranes with some regions
engulfed in mechanically exflowing graphene layers in water. In water containing air gas, close to saturation concentration (within ∼40%), cap-like nanostructures (or interfaith nanobubbles) and ordered strip domains were observed in graphene-ridden regions, But not in clean regions of mucous. These structures did not appear on graphene when the samples were submerged in highly degased water,
indicating that their formation was caused by adsorbation of dissolved gas in water. , atomically thin graphene, even with a narrow width of 20 nm, changes the local surface chemistry of high hydrophilic lining. In addition, surface hydrophobia significantly affects the adsorbation of gas, which has wide implications for various phenomena in water. Page 8All experimental findings related to surface nano-
ables, such as their pronounced stability and striking differences in macroscopic and visible nanoscopic angles of contact, must be addressed in any theory or model of surface nanobbles. In this paper, we are critical to testing the recent explanation for the stability of surface nanobubles and their effects and contrast this with previously proposed models. In particular, we found out the impact of the surface
chemical composition of well-controlled solid fuel interfaces of identical roughness and density of defects on visible applied contact angles. By expanding the previous Atomic Force Microscopy (AFM) study on the systematic variation of macroscopic vetouration using binary self-culling monolayers (SAMs) according to the ultraflaini pattern devoid of gold (TSG), we evaluated here the effect of a different
surface chemical composition for macroscopically identical corners of static water contact. SAMs on TSG with a constant macroscopic water contact angle of 81 ± 2° were obtained by methyl-discontinued thiol coadsorbation and second thiol with a variety of terminal functional groups, including hydroxes, amino acids and carboxylic acid groups. In addition, surface nano objects formed by air on SAM
bromuabotyrate-discontinued thiol were analyzed by AFM. Despite widely different surface potentials and various functionality, such as a hydrogen bond receiver or donor, as well as various dipole moments and polarizers, the contact applied toscopic angles (measured through compressed phases and corrected for AFM tip expansion effects) were found to be 145 ± 10° for all surfaces. Consequently,
various chemical functions at an identical macroscopic static angle of water contact do not noticeably affect the visible nanoscopic angle of contact of surface nanobubs. This universal contact angle has familiarized themself with the latest models that rely on fixing the contact line and equilibrium of gas output due to laplas pressure and gas flow due to gas overscale into the water environment. Page
9Installation of self-assembled monolayers (SAMs) of binary mixtures of 16-mercaptochexadeccal acid (MHDA) and 1-oktadecanetiol (ODT) on the surfaces of the ultrafline pattern (TSG) was systematically examined to find out the behavior of the assembly, and the extent of possible phase segregation in light of atomic force microscopy (AFM) studies of surface nanobubbles on these substrates. Data for
SAM on TSG was compared to data obtained by adsorpation on coarse evaporated gold, as reported in a previous study. Quartz crystal microbalance and surface plasmonic resonance data obtained on site at TSG indicate that sam-like formations on conventional evaporated gold substrates ODT and MHDA form monolayers and bilars respectively. The second layer on MHDA, the formation of which is
associated with hydrogen gluing, can be easily removed by adequate water rinsing. A favorable agreement to reflect the incidence of vanje grazing transforms infrared (GIR FTIR) spectroscopy and angle contact details analyzed using the Israelachvili-Gee model suggest that binary SAMs are not separated later. This finding is fully confirmed by the power of friction with high-resolution AFM observations to
an 8-10 nm length scale, which is much smaller than the typical observable radii surface nanobuble. Finally, accordingly, functionalized TSG substraates are shown to be valuable supports for studying AFM surface nano-tubes in water and to address the link between surface functionality and nanobubble formation and properties. Page 10In gas-surge solutions, stable surface nanobubles can exist due to
the balance between laplas pressure and gas surge, provided the bubbles collide line is fixed. In this article, we analyze how the disconnected pressure derived from van der Waals' interaction of liquid and gas with the surface affects the properties of surface nano-tubes. With the functional minimization of Gibbs' free energy in approaching the sharp interface, we find a form of bubble that takes into account
van der Waals' involvement potential and gas compression effects. Despite the fact that the shape is slightly de rejected from the classical (determined by the young contact angle), it retains almost spherical shape- cap. We also see that disconnected pressure limits the aspect ratio (size/height) of the bubble and gets the highest possible aspect ratio expressed through Young's angle. Page 11LEARN
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using only the most important conditions: cold water deposition at 4 °C on heated highly oriented pyrolithic graphite substrates. Thus, this method avoids the need, as in previous studies, to use secondary liquids, salts or electrolysis for nanobuble germ and provides a clean system in which to study the properties of nanobubles. Nanobubles generated by this method are seen to survive at least 5 days,
barely changing their contact angles or heights after the first few hours. The stability of nanobubbles in our system is discussed within some recently published theories. Page 14LEARN ABOUT THESE METRICSArticle Views is a counter-compliant amount of full-text article downloads since November 2008 (both PDF and HTML) in all institutions and individuals. These metrics are regularly updated to
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presence for this article. Learn more about altmetric attention and how it's calculated. Page 15The best properties of nanodroplets are very important for the study of the basic law regulating fluid behavior on the nanosysm, as well as the use in some important processes in the production of new materials by forming a special and local reaction environment. However, many major factors, such as interfaith
tension or nanodroplet rigidity, are still lacking, partly due to the difficulty of implementing quantitative measurements of interfaith interactions on the nanometer scale. Here we used the new Atomic Force Microscopy (AFM), PeakForce mode, to control the interaction between the AFM probe and nanodroplets, by which we could get the morphology and rigidity of nanowires at the same time. A change in
stiffness with the size of nanodroplets was observed where smaller nanodroplets typically had greater stiffness. To explain this phenomenon, we then established a theoretical model based on the Young-Laplace equation, in which deformity and size-dependent rigidity can be quantifyed, and experimental observations can be very well explained by our numerical calculations. The general methodology
presented here may also be common for analyzing the appropriate behavior of nanobubles and other motting phenomena on the nanosex size. Page 16 Interaction between air bubbles and hydrophobic polymer surfaces in water carriers plays an important role in many industrial and engineering processes. In this paper, the forces of interaction between the air bubble and the hydrophobic polymer-polymer-
polystyrene (PS) model in NaCl solutions (1 mM to 1,000 mM) were directly measured using atomic force bubble probes (AFM) techniques, and the measured forces were analyzed by the theoretical model, based on Reynolds' lubrication theory and augmented Young-Laplace equation, including pressure disinvitation. Theoretical analysis was found, suggesting that the PS surface was pristina and bare
polymer surface in voiogenic solutions, could not fully agree with the experimental force measurements in the state of salting of intermedia iron (i.e. 100 mM NaCl), and the discrepancy could not be described by the classical theory derjagin-Landau-Vervey-Overbeck (DLVO), even including the effects of non-DLVO interactions such as hydrophobic interaction. The Visualization of the Atomic Force
Microscope (AFM) demonstrated that this discrepancy was caused by the presence of interfaith nanobobbles (INBs) on the surface of hydrophobic aircraft. Salinity of the solution was found to significantly affect the size and surface coating of SMEs on the surface of the aircraft, thereby affecting surface forces. At a high concentration of NaCl (e.g., 500 and 1,000 mM), inb formation (and its effect on surface
interaction) and repulsion of the electric double layer were severely suppressed, and the bubble-PS nozzle was observed, relating to their hydrophobic gravity with a rotting length of ∼ 0.75 ± 0.05 nm. The results agree with our preliminary measurements of surface forces between the two PS surfaces using a surface force apparatus. This work provides useful insights into the mechanism of interaction
between air bubbles and hydrophobic polymer surfaces, as well as the effect of salinity solution and interfaith nanobbles on bubble-polymer interaction. Nanocoubles stabilized by 17Ion page nano-objects in volumetric aqueous solutions of various electrolytes were investigated. To understand the ion-specific mechanism of nanobuble stabilization, an approach was developed based on the Poisson-
Bolzmann equation on the nanobuble interface and in the closer layer. Nanobubl stabilization has been shown to be implemented by adsorbation of chastropic anonoy on the interface, while the impact of cosmotropic products is weak. When the temperature rises, it should be taken into account, blurring the interface through thermal fluctuations. As a result, the adsorbation state of the ions becomes
unstable: the nanobuble loses stability and disappears. This prediction has been proven in our experiments. It turned out that in the case of storing liquid samples in sealed ampoules, where phase equilibrium on the liquid-gas interface is performed at any temperature, the density of the volume number of nanobubles decreases with rising temperatures and this decrease is irreversible. Page 18The top
nano-ububly, which are the main gas-gas-forming manner on the solid/liquid interface, received a lot of attention due to its peculiar features and potential applications. Nano/micro pancakes and interfaith gas enrichment (IGE) are observed on the water-solid interface, suggesting that nanobublies may coexist with IGE. An intuitive case for the coexistence of nanobubles and IGE is nanobubl-on-pancake
objects. However, it is still not clear whether nano-bbles sit atop IGE or IGE surrounds the nanobuble, which is increasingly considered important for understanding stability and a small angle of nanobuble contact. In this study, nanobuble-on-pancake objects were examined on the surface of polystyrene (PS). Given nanobubles,as objects formed on PS films can be blisters formed through osmosis, whether
it's a gaseous state or blisters, hence was investigated in the first place. Then the structure of the nanobuble-on-pancake object was analyzed, on the basis of which the stability of nanobubls was discussed under the tip of perturbation. Pancakes like domains the composite disappeared, but the bubble part remained. This indicates that the nanobubles do not sit on top of pancakes, but are pecked on a hard
surface. This well agrees with the theory of fixing the contact line, and it is useful to understand the abnormal prolonged life (stability) of nanobubls. Page 19Regulation of the formation and growth of microscopic bubbles on solid-liquid interfaces is essential in many physical, chemical and catalytic processes, such as water electrolysis or dry-wet transition of the superhydrophobic surface. The growth of
bubbles in the group is influenced by neighboring bubbles, as well as the total concentration of gas in the system. In this paper, we explored the growth of several microbeads on highly ordered hydrophobic microcoves, seed-already existing gas pockets trapped inside cavities. The momentum of gas oversaturated at an extremely low level has been put in a process we call a solvent exchange. Our results
show that the distance between seeding air pockets has a significant impact on the location, density of the chir and the size of bubbles on the array. With closely dispersed microcabies, growing microbes is self-romanticized into symmetrical patterns. The pace of their growth was strengthened at the corners and edges of the array, and internal bubbles dissolved due to competitive growth. By contrast,
symmetrical patterns were not observed when the space between microcadies was large. The results reported in this paper provide important insights into the exchange of solvents and collective interactions in the formation of surface nanobubles. Page 20The understanding of the micro-emitted anisotropic molybdenum of the disulfide crystal is crucial in separating and processing this material in the liquid.
In this paper, static microlearnations of the properties of the MoS2 (MF) and MoS2 edge (ME) face surfaces in the water reveal morphology of femtoliters of interfaith droplets. Oil droplets with different distribution sizes were produced from a heterogeneous nucleus and nanodroplets growth during a solvent exchange in controlled flow and mortar conditions, and were polymerized to characterize drip
morphology to detect relative destitution of droplets on surfaces. Initially, we demonstrate that the shape of the nanodroplets responds to surface charges on the pH model of a sensitive gold lining covered with a self-assembled monolayer of two types of thiol. Experimental results on MoS2 pads indicate that (1) the angle of contact of oil droplets on the ME surface is much larger than on the surface of MF
on pH 3.0, suggesting that the ME surface is more hydrophilic than MF; (2) droplets are pinned with layered nanostructures on the edge of MoS2. A fundamental understanding of the microwaving found out in this study could improve control of interaction between MoS2 anisotropic surfaces and the environment, which is critical to such as flotation and catalysis systems. Page 21Anobubly form resistant
colloids in oversaturated solutions. Here we demonstrate the ability of these solutions to interact with the suspensions of Au nanoparticles. The fundamental goal was to demonstrate particle modification similar to the flotation of foam, and we really see the interaction of bubble particles. However, unlike the flotation of foam, where interaction with particle bubbles moves mainly through collisions, for loose
nanobubble solutions, we find that the principle of interaction occurs through the origin of new nanobubles on particles. Page 22Surface nanobubles, which are nanoscopic or microscopic gaseous domains formed on a solid/liquid interface, have a strong effect on the interface, changing the two-phase contact to three-phase contact. Therefore, they are thought to affect the boundary condition and fluid flow.
However, there is still controversy in theoretical research as to whether nanobubbles can effectively increase sliding length. In addition, there is still no direct experimental research to support either party. Therefore, intensive research of effective sliding length for flows over bare surfaces with nano-ables is essential to establish a link between the nanobuble and the length of the slip. Here we study the
effect of nanobubs on slippage experimentally and theoretically. Our experimental results show an increase from 8 to 512 nm in slip length due to an increase in surface nanobubble coverage from 1.7 to 50.8% and by reducing the angle of contact of nanobubles from 42.8 to 16.6°. This is well in agreement with the theoretical results. Our results suggest that nano-ububli could always act as lubricants and
significantly increase the length of the slip. Surface coating, height and angle of contact are key factors for nanobubbles to reduce wall friction. Page 23Exogenic reactive oxygen species (ROS) produced by nanobuble (NB) water offer a reasonable explanation of the physiological advancement and oxysing effects of NBs. To develop and operate NB technology, we have conducted further studies to identify
specific ROS production of NBs. Using the fluorescent APF reagent, Fenton reaction, superoxid dysmutasis demutation reaction, and DMSO, we have allocated four types of ROS (superoxide anion radical (O2·-), hydrogen peroxide (H2O2), hydroxyl radicals (· OH) and single oxygen (1O2)). · OH has been confirmed as a specific ROS produced by NB Water. The role · OCH produced by NB by water in
physiological processes depends on its concentration. Number of exogenous · OH has a positive correlation with NB density numbers in water. There have been repeated tests for spinach germination and carrots with three seed groups immersed in distilled water, high-number HB water density and low NB water density at similar concentrations of dissolved oxygen. Final rates of spinach seeds
germination in distilled water, low density water, and the high density of HB water is 54%, 65% and 69% respectively. NBs can also promote sprout growth. The length of the sprouts of spinach seeds submerged in NB water was longer than in distilled water. For carrot seeds, the amount of exogenous · OH in high density NB water was beyond their toxic threshold, and negative effects were shown on
hypocottyl ylation and chlorophyll formation. The results presented allow us to gain a greater understanding of the physiological advertising effects of NBs.Page 24LEARN about these METRICSArticle Views is a counter-compliant amount of full text article downloads since November 2008 (both PDF and HTML) in all institutions and individuals. These metrics are regularly updated to reflect the usage that
leads to the last few days. Quotes are the number of other articles with reference to this article calculated by Crossref and updated daily. Learn more about crossref quotes. Altmetric Attention Score is a quantitative indicator of the attention that a research paper has received online. Clicking on the doughnut icon will load the altmetric.com with more information about the account and social media presence
for this article. Learn more about altmetric attention and how it's calculated. Page 25 This article links to 68 other publications. 1Lochs, D.; Zhang, X. Surface nanobubbles and nanodroplets rev. Mod. Phys. 2015, 87, 981– 1035 DOI: 10.1103/RevModPhys.87.981 2Lou, S.-T.; Uyan, Z.-K.; Zhang, Yu;; Li, X.-J.; Hu, J.; Lee, M.-K.; Ian, F.-J. Nano objects on a hard surface depicted by the microscopy of nuclear
power J. Sci. Technol., B: Microelectronics. Nanometer Strudt. 2000, 18, 2573 DOI: 10.1116/1.1289925 3Zhang, X. H.; Maeda, N.; Craig, V. S. J. Physical properties of nano objects on hydrophobic surfaces in water and aqueous solutions Langmuir 2006, 22, 5025–5035 DOI: 10.1021/la0601814 4 Ljunggren, C.; Eriksson, .C. The service life of the colloidal gas bubble in water and the cause of surf colloid
hydrophobic attraction, A 1997, 129–130, 151–155 DOI: 10.1016/S0927-7757(97)00033-2 5 Epstein, P.S. Pleset, M. S. On stability of gas bubbles in liquid gas solutions J. Chem. 1950, 18, 1505– 1509 DOI: 10.1063/1.1747520 6Zhang, X.; Chan, D.J.C; Wang, D.; Maeda, N. Langmuir Interfaith Nanobubbles Stability 2013, 29, 1017–1023 DOI: 10.1021/la303837c 7Parker, J. L.; Clesson, .M; Attard, P.
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