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The United Nations: Sustainable Development Goals

The United Nations: Sustainable Development Goals
Goal 1: No Poverty: Economic growth must be inclusive to provide sustainable jobs and promote equality.
Goal 2: Zero Hunger: The food and agriculture sector offers key solutions for development, and is central for hunger and poverty eradication.
Goal 3: Good Health and Well-Being: Ensuring healthy lives and promoting the well-being for all at all ages is essential to sustainable
development.
Goal 4: Quality Education: Obtaining a quality education is the foundation to improving people’s lives and sustainable development.
Goal 5: Gender Equality: Gender equality is not only a fundamental human right, but a necessary foundation for a peaceful, prosperous and
sustainable world.
Goal 6: Clean Water and Sanitation: Clean, accessible water for all is an essential part of the world we want to live in.
Goal 7: Affordable and Clean Energy: Energy is central to nearly every major challenge and opportunity.
Goal 8: Decent Work and Economic Growth: Sustainable economic growth will require societies to create the conditions that allow people to
have quality jobs.
Goal 9: Industry, Innovation, and Infrastructure: Investments in infrastructure are crucial to achieving sustainable development.
Goal 10: Reduced Inequalities: To reduce inequalities, policies should be universal in principle, paying attention to the needs of disadvantaged
and marginalized populations.
Goal 11: Sustainable Cities and Communities: There needs to be a future in which cities provide opportunities for all, with access to basic
services, energy, housing, transportation and more.
Goal 12: Responsible Consumption and Production: Responsible Production and Consumption
Goal 13: Climate Action: Climate change is a global challenge that affects everyone, everywhere.
Goal 14: Life Below Water: Careful management of this essential global resource is a key feature of a sustainable future.
Goal 15: Life on Land: Sustainably manage forests, combat desertification, halt and reverse land degradation, halt biodiversity loss
Goal 16: Peace, Justice and Strong Institutions: Access to justice for all, and building effective, accountable institutions at all levels.
Goal 17: Partnerships: Revitalize the global partnership for sustainable development.
https://www.un.org/sustainabledevelopment/sustainable-development-goals/

Start Reading “Role of Water in Some Biological Processes”

Accessing Clean Water

THE WONDER OF WATER
Sea Water to Drinkable Water
When sea ice ages, the salt sinks into the ocean,
leaving fresh, drinkable water on top. Charlotte
Naqitaqvik collects a teapot of water at her family’s
hunting camp in Nuvukutaak, near the community
of Arctic Bay in northern Canada. Photograph by
Acacia Johnson. Nat Geo 2019: A Year in Review

Although water may be all around us, this precious
commodity isn’t evenly distributed around the world. Of
the 7.8 billion people in the world, around 884 million
people – that’s around one in nine people – don’t have
access to safe drinking water, and 114 million people drink
untreated surface water from lakes, rivers and streams,
exposing themselves to diseases like cholera, dysentery,
polio and typhoid fever. Contaminated drinking water is
estimated to cause 485,000 diarrhea-related deaths each
year. By 2050, it’s estimated that half the world’s
population won’t have access to safe drinking water due
to climate change and other factors.
(How It Works. Issue 156, 2021)

From CO2 to C2H5OH
The Best Inventions of 2020. Vodka, Out of Thin Air, Air Vodka (https://time.com/collection/bestinventions-2020/5911376/air-vodka/)
For centuries, vodka has been made by fermenting grains like corn and wheat, a process that naturally
results in carbon emissions. The Brooklyn-based startup Air Co. thinks it’s found a better way, distilling
the spirit from nothing more than water and carbon dioxide, in a process that transforms the CO2 into ethyl
alcohol. Not only does Air Vodka (starting at $65 for 750 ml) do the trick in a Moscow mule, but it’s also
carbon negative: for every bottle that’s produced, the company’s NASA-award-winning technology
removes about a pound of carbon dioxide from the atmosphere. —Nadia Suleman (November 19, 2020)

https://aircompany.com/pages/technology

https://www.popularmechanics.com/science/environment/a29715699/carbon-negative-vodka-air-co/
This Is the World's First Carbon-Negative Vodka. A shot for you, a shot for the planet. By Tom Bentley.
Nov 7, 2019
You know the old stage saying from magicians: Nothing in my hat, nothing up my sleeve, and whoosh—
out of the empty hat pops a rabbit, or a flapping pigeon or whistling mini-locomotive. The startled faces in
the audience are the kinds of faces most people would make when told that Air Co. is making vodka out of
air and water. No grain, no yeast. Air + water = vodka. Magic? Not quite.
The only two ingredients that are required to make Air Co. are air (carbon dioxide) and water. Air Co. uses
a patented system that runs on renewable electricity to turn carbon from the air into pure ethanol. “The
process uses the same principles as photosynthesis in plants, but does so more efficiently,” Stafford
Sheehan, the cofounder and CTO of Air Co., tells Popular Mechanics.
Here’s how it works: Air Co.’s conversion reactor produces a mixture of approximately 10 percent ethanol
in water, free of all solids or other constituents you’d usually find in fermentation, says Shaheen.
“Following conversion,” he says, “we distill the 10 percent ethanol to 96.5 percent in a custom-built, 18plate vodka still followed by additional proprietary, trade-secret processes to purify and dilute the ethanol
to a 40 percent alcohol-by-volume vodka.”
So, no giant, farmed, irrigated acreages of grain, no fermentation, and no complex distillation to remove
impurities. And it’s all carbon-negative, says Sheehan, a Yale Ph.D. who has developed several
commercial technologies based on his applied research in the fields of chemistry, physics, and computer
science.
“We have one machine that can fit in any given bedroom that does the same role as traditional distilling,
only faster and more efficient, with no impact to our environment, and all run on solar power,” he says.

Electrolysis: Simultaneously our
electrolyzer splits water (H2O)
into hydrogen (H2) and oxygen
(O). While the oxygen is
released into the atmosphere, the
hydrogen is then fed into our
Carbon Conversion Reactor
system along with the captured
CO2.

Carbon Conversion Reactor:
Our Carbon Conversion
Reactor is where the CO2 and
H2 meet and are converted
into impurity-free alcohols.

Water, Water Anywhere. Skysource WEDEW
With climate change accelerating, H2O is more precious than ever. This mobile generator produces fresh drinking water via
an often overlooked source: air. Users dump discarded plant and animal materials, such as wood chips or nutshells, into the
machine, which WEDEW heats up, releasing water vapor into the air in the process. Then the generator condenses the vapor
into drinkable water. The whole system, which also includes a battery storage pod and a refrigeration module, fits into a
single 40-ft. transport container. In 2020, WEDEW and the World Food Programme formed a partnership to bring the
generator to a refugee camp in Uganda, in addition to communities in Tanzania. —Paulina Cachero

The Best Inventions of 2020

Water

70% of the Earth’s surface is covered
in water.
The same water has existed on Earth
for most of its 4.5 billion-year history.

The global water cycle, with fluxes in 1012 m3/year after the U.S.
University Corporation for Atmospheric Research. Graphic adapted from
NOAA National Weather Service.
https://scied.ucar.edu/longcontent/water-cycle
http://www.srh.noaa.gov/jetstream/index.htm

Ocean Acidification

CO2 (aq) + H2O ⇌ H2CO3 ⇌ HCO3− + H+ ⇌ CO32− + 2H+
Carbonic acid

Carbonate

When CO2 is absorbed by seawater, a series of chemical reactions occur
resulting in the increased concentration of hydrogen ions. This increase causes
the seawater to become more acidic and causes carbonate ions to be relatively
less abundant. Carbonate ions are an important building block of structures such
as sea shells and coral skeletons. Decreases in carbonate ions can make building
and maintaining shells and other calcium carbonate structures difficult for
calcifying organisms such as oysters, clams, sea urchins, shallow water corals,
deep sea corals, and calcareous plankton.
In the 200-plus years since the industrial revolution began, the concentration of
carbon dioxide (CO2) in the atmosphere has increased due to humans burning
fossil fuels (such as car emissions) and changing the way land is used (such as
deforestation). During this time, the pH of surface ocean waters has fallen by
0.1 pH units (from 8.2 to 8.1), or 25% more acidic.

H2CO3 + CO32− ⇌ 2HCO3−
Bicarbonate
Carbonic acid that forms in water decreases the availability of carbonate that marine life
needs to build shells and skeletons.
Marine life uses carbonate from the water to build shells and skeletons. As seawater
becomes more acidified, carbonate is less available for animals to build shells and
skeletons. Under conditions of severe acidification, shells and skeletons can dissolve.

https://www.epa.gov/ocean-acidification/understanding-science-ocean-and-coastal-acidification
https://ocean.si.edu/ocean-life/invertebrates/ocean-acidification
https://www.nationalgeographic.com/environment/oceans/critical-issues-ocean-acidification/
https://www.noaa.gov/education/resource-collections/ocean-coasts-education-resources/ocean-acidification
https://www.yaleclimateconnections.org/2008/06/covering-ocean-acidification-chemistry-and-considerations/

Ocean Acidification

Netflix. Breaking boundaries: The science of our planet (34:13)

Egg & Coke

SHELL: Bumpy and grainy in texture, an eggshell is covered with as many as 17,000 tiny
pores. Eggshell is made almost entirely of calcium carbonate (CaCO3) crystals. It is a
semipermeable membrane, which means that air and moisture can pass through its pores.
The shell also has a thin outermost coating called the bloom or cuticle that helps keep out
bacteria and dust.
INNER AND OUTER MEMBRANES: Lying between the eggshell and egg white, these
two transparent protein membranes provide efficient defense against bacterial invasion. If
you give these layers a tug, you’ll find they’re surprisingly strong. They’re made partly of
keratin, a protein that’s also in human hair.
https://www.exploratorium.edu/cooking/eggs/eggcomposition.html

pH
Acid: A substance that donates a hydrogen ion.
Base: A substance that accepts a hydrogen ion.
→ H+ + OHH2O ←

In pure water, [H+] = [OH-] = 1 x 10-7 mol/L

pH = -log10[H+]

Henderson-Hasselbach Equation
Weak Acid
→ H+ + AHA ←

Weak Base

Ka: Ionization constant (Dissociation constant)
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pH-Dependency of Polyelectrolytes
pKa of acrylic acid: 4.25

pKa of poly(acrylic acid): 4.54 (Swift 2016)
Low pH
Water-insoluble,
Collapsed

Water-soluble,
Expanded

High pH
Water-soluble,
Expanded

Water-insoluble,
Collapsed

Temperature Dependence of the pH of Pure Water
The formation of hydrogen ions (hydroxonium ions) and hydroxide ions from water is an endothermic process. Using the simpler version of
the equilibrium: H2O ⇌ H
OHHence, the forward reaction, as written, "absorbs heat". If you increase the temperature of the water, the equilibrium will move to lower the
temperature again. It will do that by absorbing the extra heat. That means that the forward reaction will be favored, and more hydrogen ions
and hydroxide ions will be formed. The effect of that is to increase the value of Kw as temperature increases.
The table below shows the effect of temperature on Kw. For each value of Kw, a new pH has been calculated. It might be useful if you were to
check these pH values yourself. You can see that the pH of pure water decreases as the temperature increases. Similarly, the pOH also
decreases.
T (°C) Kw (mol2/Liter2) pH
pOH
----------------------------------------------7.47
7.47
0
0.114 x 10-14
10
0.293 x 10-14
7.27
7.27
-14
7.08
7.08
20
0.681 x 10
-14
25
1.008 x 10
7.00
7.00
-14
6.92
6.92
30
1.471 x 10
40
2.916 x 10-14
6.77
6.77
-14
6.63
6.63
50
5.476 x 10
-14
100
51.3 x 10
6.14
6.14

A word of warning! If the pH falls as temperature increases, this does not mean that water
becomes more acidic at higher temperatures. A solution is acidic if there is an excess of
hydrogen ions over hydroxide ions (i.e., pH < pOH).
In the case of pure water, there are always the same concentration of hydrogen ions and
hydroxide ions and hence, the water is still neutral (pH = pOH) - even if its pH changes.
Remember that to calculate the neutral value of pH from Kw. If that changes, then the neutral
value for pH changes as well. At 100 °C, the pH of pure water is 6.14, which is "neutral" on the
pH scale at this higher temperature. A solution with a pH of 7 at this temperature is slightly
alkaline because its pH is a bit higher than the neutral value of 6.14. Similarly, you can argue
that a solution with a pH of 7 at 0°C is slightly acidic, because its pH is a bit lower than the
neutral value of 7.47 at this temperature. Hence, there is an excess of H+ ions vs. OH- ions.

https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Acids_and_Bases/Acids_and_Bases_in_Aqueous_Solutions/The_pH_Scale/Temperature_Dependence_of_the_pH_of_pure_Water

Water: The Molecules of Life

HYDROGEN BONDS give water its
ACTIVE SITE of lysozyme is in the
DNA DOUBLE HELIX has two phosphate backbones
unique properties. Each molecule of
protein’s main groove. The groove is
(red and yellow spheres) wrapped around a stack of
liquid water usually forms four or
shaped precisely to accommodate the
base pairs (gray, blue, red and white spheres). A slice
five hydrogen bonds. The necessity
molecules it cleaves. Modeling how
through one frame of a DNA simulation in water
of maintaining a tetrahedral,
water (green and white spheres)
(bottom) shows how water molecules (green and
hydrogen-bonded structure gives
interacts with the groove helps
white Vs) can penetrate deeply into DNA’s doublewater an “open,” loosely packed
scientists to create a map of the
helical structure and stabilize it. Purple spheres
structure compared with that of most
active site.
indicate sodium ions
other liquids, such as oils or liquid
in the water solution.
nitrogen.
Mark Gerstein and Michael Levitt. Simulating water and the molecules of life. Sci. Am. 100-105, November 1998.

Lipids: A diverse group of hydrophobic molecules
Lipids vary in form and function, including fats, phospholipids, and steroids.
A fat = glycerol + fatty acids.

A fat molecule with three fatty acid units, two of them
identical. The carbons of the fatty acids are arranged
zigzag to suggest the actual orientations of the four single
bonds extending from each carbon.

Urry 2021, The structure and function
of large biological molecules

A phospholipid is similar to a fat molecule but has only two fatty
acids attached to glycerol rather than three. The third hydroxyl
group of glycerol is joined to a phosphate group, which has a
negative electrical charge in the cell.

A phospholipid has a hydrophilic (polar) head and two hydrophobic (nonpolar) tails. This
particular phospholipid, called a phosphatidylcholine, has a choline attached to a phosphate group.

Steroids are lipids characterized by a
carbon skeleton consisting of four fused
rings. Different steroids are distinguished
by the particular chemical groups attached
to this ensemble of rings.

The bilayer structure formed by
self-assembly of phospholipids
in an aqueous environment.

Water: Self-Assembly & Life
Micelle Liposome

Bilayer membrane

https://www.tes.com/lessons/w6jYj0K0o_gDhw/cell-membranes
http://mpronovost.profweb.ca/BIONP1/bionp1_molecules_lipides.html

“Life” by J. Conway

Water: Self-Assembly & Life

Polymer hydrophobicity is a property of interest, with
growing evidence demonstrating the significant impact
that hydrophobic interactions with lipid membranes and
proteins can have on biomaterial application efficacy
within the body. However, to date, this phenomenon has
been relatively underexplored, and therefore there exists
no clear universal understanding to direct polymer
design. Incorporation of hydrophobic moieties within
polymer systems can influence their ultimate properties
when used in biomedical applications.

Figure 4. (A) Lipid membranes interacting
with 50 NPs, at different values of
hydrophobicity (H = 0, 0.5, 0.8, 1).
Solvent beads are not shown to improve
visibility. The solid lines displayed for H =
0.5 indicate the thresholds for calculating
translocation events.

Figure 6. (A) Chemical structure of the
monolayer-protected 2 nm core diameter gold
nanoparticles. To generate the profiles for the
SAR studies, functionalities (blue) are tuned at
the ligand termini to control the surface
hydrophobicity. LogP represents the calculated
hydrophobic values of the head groups

Pearce 2021, Polymers for biomedical applications- The importance of hydrophobicity in directing biological interactions and application efficacy

Marangoni Effect

Tears of Wine and The Marangoni Effect

C12-15 Alcohols ethoxylated propoxylated (Surfactant)
Sodium polycarboxylate (acrylic acid/sulfonate
copolymer/terpolymer)
Antiredeposition Agent: Prevents the redeposition of
soils back onto a surface, especially fabric surfaces.

The tears of wine. Fluid is drawn from the bulk up
the thin film adjoining the walls of the glass by
Marangoni stresses induced by evaporation of
alcohol from the free surface.

http://rbnainfo.com/product.php?productLineId=654

https://www.youtube.com/watch?v=s6w0tSg-msk

Alcohol
+ Water

Tears of wine form due to the surface tension (γ)
gradient between the meniscus and the flat
surface of the wine
https://ocw.mit.edu/courses/mathematics/18-357-interfacial-phenomena-fall-2010/lecture-notes/MIT18_357F10_lec_all.pdf
https://www.comsol.com/blogs/tears-of-wine-and-the-marangoni-effect/

Oil
https://www.youtube.com/watch?v=y44rQdiixuw
https://www.youtube.com/watch?v=jra7Tg2m5IY
https://www.youtube.com/watch?v=Ax38VQCRsyk

The Marangoni Effect

https://www.youtube.com/watch?v=CNQf9vZqv7k

The Marangoni Effect
Fig. 1.
b, Two 0.5 ml droplets of 25% PG
(blue) and 1% PG (orange)
interacting. The behaviour can be
divided into ‘long-range attraction’
and ‘short-range chasing’ portions
c, Two droplets of exactly the same
concentration (0.5 ml 10% PG) also
attract each other, through long-range
interaction followed by coalescence.
All percentage PG values are given
as volume percentages (volume of
PG divided by total volume).
Tracer beads placed in the liquid droplets showed that the movement of fluid was
organized. These studies revealed an internal flow from the center to the edge along the
bottom of the droplet and flow from the edge to the center along the top of the droplet. The
team thinks that this flow can be explained through evaporation of the water-PG mixture;
the more volatile molecule, water, evaporates more quickly than the less volatile one, PG.
Because evaporation also occurs faster at the borders than in the bulk, the concentration of
PG at the border is higher than it is in the rest of the droplet, which then stops the spreading
of the liquid.
The researchers think that the ability of these isolated droplets to interact with one another
could be caused by long-range vapor-mediated interactions. Because water evaporates more
quickly, each drop generates a gradient of humidity extending outward. When two droplets
are nearby, they may lie within the humidity gradient of one another, allowing them to
influence each other's behavior. Because the evaporation rate of water decreases when
placed in a humid environment, lying in the humidity gradient of another droplet
disrupts the symmetry of the evaporative process. As a result, the droplets end up
moving toward one another.
In the case of droplets “chasing” one another, the scientists demonstrated that, upon
collision, they exchanged liquid, resulting in a difference in surface tension of the two
droplets. They think that this difference in surface tension is what actually causes the
droplet with lower surface tension to follow the droplet with a higher surface tension,
which then moves away.
https://arstechnica.com/science/2015/03/liquid-droplets-that-chase-each-other-across-a-surface/

Fig. 2d. The high-energy surface favours spreading of the droplet,
as seen for pure liquids. For a two-component droplet of water and
PG, the more volatile compound (water) evaporates more quickly
than the less volatile compound (PG). Evaporation is faster at the
border of the droplet than the bulk, and the border of the droplet has
a higher surface area to volume ratio. Therefore PG, with a lower
LV than water, is left in higher concentration at the border than the
bulk. The resulting gradient of surface tension, or so called
Marangoni stress, pulls liquid towards the centre along the top of
the droplet, an effect shown to slow down or stop spreading.

Fig. 3a. Evaporation from a sessile droplet is known to produce a vapour gradient. Since the vapour
pressure of water is one hundred times larger than the vapour pressure of PG, the dominant vapour
is water. Two neighbouring droplets each lie in a gradient of water vapour produced by the
other.This gradient causes a local increase in RH and thus decreased evaporation of the thin film on
the adjacent portions of the droplets, breaking symmetry. The decreased evaporation leads to an
increased water fraction in the thin film, hence increasing LV, film locally. Asymmetric LV, film
around the droplet causes a net force that drives the droplets towards each other.
Cira 2015, Vapour-mediated sensing and motility in two-component droplets

Drying Drops

Fig. 6. Streamline plots of the Marangoni flow and capillary flow.
2.2 Flow inside a sessile drop

Giorgiutti-Dauphiné-Pauchard 2018, Drying drops

Fig. 7. (a) Sketch illustrating the role of a radially outward surface Marangoni flow
on the sessile droplet shape.

While evaporation converts volatile solvent from a liquid to a gas phase, heat and mass convections take place within the drying drop resulting in local flow fields. The flow inside the drop is
governed by the evaporation rate, in particular at the singular drop edge region. The flow fields can have diﬀerent origins: the capillary flow generally causes radial internal flows while
Marangoni flow results in loops (Fig. 6).
For small contact angle, the evaporation induces out-ward flow, e.g. capillary flow, directed towards the contact line. In the case of a pinned contact line, this capillary flow replenishes the
faster liquid loss at the drop edge, while the contact angle decreases. Therefore, the intensity of the capillary flow depends on the evaporate rate at the drop edge. For thin drop edge, the
capillary flow dominates the Marangoni flow.
The Marangoni convection results from the surface tension gradient along the free surface of the drop, and strongly aﬀects the internal flow fields (fig. 6). The surface tension gradient
results from two causes: i) a local change of composition (the so-called solutal B´enard-Marangoni convection), and ii) a temperature gradient (the so-called thermal B´enard-Marangoni
convection).
i) Solutal convection. The solutal convection has been investigated in solvent mixtures [22, 23] and in the presence of surfactants [24–26]. In the last case, the local concentration of the
surfactant increases towards the contact line due to the capillary flow; this reduces the surface tension at the drop edge and consequently creates a Marangoni flow toward the
centre of the drop.
ii) Thermal convection. Evaporation is endothermic as it requires energy for the phase change. Indeed, molecules of the liquid phase need to overcome the energy barrier to evaporation
before they can change phase and cross the liquid-vapour interface. Molecules with the highest thermal energy can cross the liquid-vapour interface, and consequently, the drop becomes
colder. Thus surface tension is strongly aﬀected by temperature, surface tension being lower where the temperature is higher. In this way, a temperature gradient along the drop interface brings
up tangential stress. The so-called thermal Marangoni flows may arise from a change of temperature of the substrate, or through an evaporation process that cools the free sur-face. As an
example, the shape distortion during the drying process of a pure solvent is shown in fig. 7. The dimple and the shape inflation are related to evaporation-induced Marangoni flow, directed
at the free surface toward the apex of the droplet [27].

Coffee Ring Effect
Mampallil 2018, A review on suppression and utilization of the coffee-ring effect.

Fig. 7. Thermally induced surface capturing.
When temperature is raised the interface
descends more quickly than particle diffusion,
capturing the particles at the interface. It
produces uniform deposition (see ref. [127]).

Fig. 9. (Left): The coffee-ring effect (CRE) is used for chromatography
for size-dependent particle separation near the contact line.
(Right): Optical fluorescence image showing the separation of 40 nm
(green), 1 m (red), and 2 m (blue) particles after evaporation.
Adapted with permission from: [22]

Drying Drops

Giorgiutti-Dauphiné-Pauchard 2018, Drying drops

During the solvent loss, the non-volatile compounds accumulate near the
vapour/drop interface. A solid region builds up over this surface. The buildup of high mechanical stress caused by high capillary pressure in the
close-packed of solutes. The stress release leads to the occurrence of
instabilities. A skin at the drop surface may buckle under the eﬀect of
mechanical instabilities, or a structure at the drop edge can fracture.

Air

Fig. 13. Digitized images of colloidal droplets deposited on super-hydrophobic surfaces at
the final stage of desiccation (the drops meridian radii are 1.2 mm). The photographs show 2
shapes obtained for diﬀerent values of the initial particle volume fraction in the same drying
conditions. (a) At large particles concentration, the shrinkage is uniform. Figure adapted
with permission from [13]. (b) At low particle concentration, an elastic envelope forms at
the evaporation surface; as the inner volume is reduced due to evaporation, a local buckling
of the envelope occurs at the top of the drop.
The distorsion together with the envelope thickness can be observed during the drying using
a confined drop as a slice of the 3D drop (c): a droplet of solution is sandwiched between two
circular glass slides (sketch in side view). The gap between both glass slides is controlled by
spacers; the thin cell is illuminated by transmitted light.

4.1 Buckling instabilities
During solvent removal of drops of solutes, the outer layer of the drop
exhibits a high non-volatile solutes concentration. The solvent
evaporation leaves a solutes-concentrated region near the drop
surface. This concentrated region is then regarded as a skin or a crust,
or more generally as an envelope. When the structural strength of this
region is suﬃcient, the envelope can withstand internal stress. Then
buckling process induced by the drying is a way to release the
drying stress. As an example, diﬀerent behaviours can be observed
during the drying of quasi-spheroidal colloidal drops were deposited on
superhydrophobic surface (see fig. 13) [13]. For high initial
concentration, the drop behaves initially like pure liquid drop, then
shrinks isotropically while the envelope thickens up to a critical value.
Then the thick envelope resists to the drying stress preventing further
distortions (fig. 13(a)). For a low initial concentration of the
dispersion, an elastic envelope shrinks then buckles as a result of the
decrease of the inner volume: an inversion of curvature occurs as
shown in fig. 13(b). Experimentally the concentration gradient of nonvolatile solutes at the drop surface, the resulting envelope formation
and distortion can be investigated using an appropriate geometry: a
drop sandwiched between two parallel circular glass slides whose gap
is controlled [60] (fig. 13(c)). In this quasi-2D geometry, the
evaporation flux is radial and drives the accumulation of non-volatile
species at the liquid/air interface [8, 61, 62]. In this case, the resulting
single depression grows and is continued by an invagination tube
penetrating inside the drop.

Hollow Rims from Water Drop Evaporation on Salt Substrates
Mailleur 2018, Hollow rims from water drop evaporation on salt substrates

We have shown that the coffee-stain effect, observed in an extensive number of complex fluids, can also be
obtained with initially pure water, provided that it evaporates on a rapidly dissolving solid, a salt, for example. The
dryout is always composed of a thin shell, either open, or closed in the form of a hollow rim, depending on the drop
radius and contact angle. This experimental configuration proves in a novel and unexpected way the potentialities
of the wetting-growth coupling in materials science.

Water Properties

Leidenfrost Effect
The Leidenfrost effect is a physical phenomenon in
which a liquid, close to a surface that is significantly
hotter than the liquid's boiling point, produces an
insulating vapor layer that keeps the liquid from
boiling rapidly. Because of this 'repulsive force', a
droplet hovers over the surface rather than making
physical contact with the hot surface.

https://en.wikipedia.org/wiki/Leidenfrost_effect
Liquid nitrogen on hand
https://www.youtube.com/watch?v=67ijwSZ3gnQ

The Leidenfrost effect occurs when a liquid or stiff sublimable solid
near a hot surface creates enough vapor beneath it to lift itself up and
float. In contrast, vaporizable soft solids, e.g., hydrogels, have been
shown to exhibit persistent bouncing—the elastic Leidenfrost effect.
Hydrogels are also capable of floating.
Waitukaitis 2018, From bouncing to floating- The Leidenfrost effect with hydrogel spheres

Water & Hydrogen Bonds
Water is about the only substance which exists as a solid, a liquid and a gas at
normal temperatures on Earth. And for a molecule that size, that is not expected.
Hydrogen
Methane

Ammonia

Water

Fluride

Neon

(CH4)

(NH3)

(H2O)

(HF)

(Ne)

4

3

2

1

0

Melting point (°C)

-182.5

-77.7

0.0

-83.4

-248.6

Boiling point (°C)

-161.5

-33.4

100.0

19.5

-246.1

Covalent bonds / molecule

Melting and boiling points
indicate the strength of the
forces between molecules.

P. May, S. Cotton. Water, in: Molecules That Amaze Us, CRC Press. 2014, pp. 557-568 (Ch. 67).

http://www.ces.fau.edu/nasa/module-3/whydoes-temperature-vary/land-and-water.php

Fig. 2-5. Molecular Cell Biology, 6th Edn., 2008. W.H. Freeman & Company

http://www.personal.psu.edu/staff/m/b/mbt102/bisci4online/chemistry/chemistry3.htm

Hydrogen Bonding
Alpha Helix

Beta Pleated Sheet

http://commons.wikimedia.org/wiki/File:AlphaHelixBALL.png
http://commons.wikimedia.org/wiki/File:BetaPleatedSheetProtein.png

http://iverson.cm.utexas.edu/courses/310N/POTDSp06/POTD2-26-10.html

Water: Unique Properties
Water has a high surface tension. This is why you can float a needle on water,
even though steel is much denser. And that is how insects like the pond skater or
water strider can walk on water. It also causes the capillary action of water, which
enables water to rise up the internal tubes (xylem) within a plant to reach the top
of high trees.
Water also has the very unusual property that when you increase the pressure on it,
its freezing point decreases. This is the opposite of most materials, and is part of the
reason why glaciers slide down mountains. The pressure of the tons of ice pushing
down on the lower layers decreases the freezing point so much that the ice there
finds itself at a temperature above its new freezing point, and so spontaneously
melts. It’s also part of the reason why ice-skaters can skate – the thin blades
concentrate the skater’s weight to a huge local pressure on the ice surface, and this
causes the ice beneath the skate to briefly melt into water, long enough to let the
skate slide.
The water molecules at the surface of ice are inherently unstable due to the lack of
molecules above them, the surface reconstructs to form a liquid-like layer. All ice has
an intrinsic thin layer of water at the surface (Michael Faraday in 1850). So ice is
slippery due to its inherent surface water layer, which can be enhanced using pressure
and friction.
P. May, S. Cotton. Water, in: Molecules That Amaze Us, CRC Press. 2014, pp. 557-568 (Ch. 67).

A metal paperclip
floating due to
the surface
tension of water.

Water & Hydrogen Bonds
The dipole in water molecules makes it sticky toward themselves and their neighbors.
Ice has a very ordered structure, with the molecules lining up in an open,
hexagonal structure to give four hydrogen bonds per water molecule. As
a result, the molecules are slightly further apart in ice than in liquid
water, which means that it is less dense than the liquid, and floats on it.
Similarly, when you fill an ice cube tray with water, as it freezes, the ice
cubes expand above the level of the tray.

Water has its greatest density at about 4 °C, which is why there is
usually liquid water at the bottom of an apparently frozen lake,
even in the depths of winter. Without this unusual property, life on
Earth would probably have died out during one of its various ice
ages because seas and oceans would have frozen solid right to the
bottom, killing all sea life.
P. May, S. Cotton. Water, in: Molecules That Amaze Us, CRC Press.
2014, pp. 557-568 (Ch. 67).

Ice crystals that fall in Switzerland.
https://tigerscroll.com/rare-pictures-that-willshow-you-the-unseen-side-of-things-long/19/

The Microscopic Structure of Ice

Charlotte Hartley, How It Works, Issue 155, 2021

Ice and water consist of the same chemical elements, but their molecular structures make them behave rather differently.
2. FLOATING SOLID
Forces of attraction between hydrogen atoms force the
molecules into a hexagonal crystal net structure. This
open structure means ice is less dense than water, so it
floats to the surface.

1. ICEBERGS
These form when large chunks of ice break
off the side of ice shelves, in a process
called calving. Icebergs can weigh up to
200,000 tons, with most of this mass
hidden underwater.

3. WARM WATER
At warm temperatures, water molecules have lots of
energy. They bounce around each other constantly and
form weak, transient bonds. There is plenty of space
between molecules, making warmer water less dense.

4. COLD WATER
Colder molecules have little energy and
behave sluggishly. They move around more
slowly, and stronger bonds can form
between them. Cold water is therefore
denser, and sinks below warm water.

Supercooling of water. Even at temperatures below freezing, water
does not start freezing unless there are impurities or bubbles.
Pound a supercooled water bottle onto a table, causing bubbles and
the water starts freezing right away. (Ground squirrel sleeps
through the cold winter without freezing its blood. The synapses are
separated during winter sleep, and then reconnect in the Spring.
(Alzheimer’s disease has the same separation of synapses, and so
studying ground squirrels may provide an answer to treat AZ).

GLACIAL STORAGE
Over two-thirds of Earth’s freshwater is stored in glaciers.
Scientists estimate that global sea levels would rise by 80
metes if every glacier and ice sheet melted.

Clearance Birdseye noticed that a frozen fish was very fresh. The
reason people did not eat frozen foods was that the foods, like fishes
and meats, were frozen slowly, and during the process ice crystals
grow and ruptures the cells. Upon thawing, the liquid comes out and
the food became mushy. But upon fast freezing, only small ice
crystals are formed, leaving cells intact. Birdseye invented instant
freezing freezer from ground up. (The food that built America)

Incredible Ice
INCREDIBLE ICE:
Our ‘blue planet’ is famed for its expansive oceans and salty seas, but approximately ten per cent of our planet’s surface is
frozen over. The vast majority of this ice is found in the polar regions. The Antarctic ice sheet covers an area about the size of
the United States and Mexico combined. Meanwhile, in the North Pole, the Greenland ice sheet is so heavy that it presses the
land below into a concave bowl shape. Because of its bright-white coloration, ice reflects sunlight back into the atmosphere.
This process plays a crucial role in regulating Earth’s climate.
When water is cooled to a low temperature, bonds form between different water molecules very easily. This forces water into a
crystal lattice structure of many layers of hexagonal rings. Most elements are less compact in their liquid state. However, the
unique hexagonal structure of ice crystals is filled with more gaps than the disordered fluid structure of water, meaning ice is
about ten per cent less dense than water.
It is this phenomenon that allows ice to float – either in the form of gigantic icebergs travelling across the Arctic Ocean or ice
cubes in a refreshing drink on a hot day.
FLUFFY SNOW AND HARD ICE
As snow falls to the ground and forms a pile, tiny pockets of air become trapped in the empty spaces between individual
snowflakes. This air gives snow its characteristic fluffiness. If snow remains on the ground for a few days, more layers can
build up. This crushes the lower layers, forcing air out and compacting the snow into a harder texture. If the snow then
partially melts, droplets of water fill up the tiny spaces between snowflakes before refreezing into ice crystals. Eventually,
almost no air is left inside the frozen layers, leaving a solid sheet of ice.
When snow is on the horizon, you might have noticed large lorries spreading rock salt on the roads and pavements to prevent
them getting slippery. Salt is made up of positive sodium and negative chloride ions, These charged particles dissolve in
water, disrupting the arrangement of water molecules and making it more difficult for structured ice crystals to form. This
lowers the freezing point of water. The ice on the ground can no longer freeze the water at 0 oC. However, the water can still
melt the ice. Ultimately, this leads to less ice on the roads.
Charlotte Hartley, How It Works, Issue 155, 2021

Latent Heat of Fusion: Freezing Water Increases Temperature
Pluto which has no energy from the Sun and yet has some
cryovolcanic activities. The vase amount of water below the
surface froze, and the process released latent heat that may
result in cryovolcanic activities.

https://apollo.nvu.vsc.edu/classes/met130/notes/chapt
er2/lat_heat2.html

Wright Mons is one of two suspected volcanoes found on Pluto.
https://arstechnica.com/science/2015/11/volcanoes-on-pluto-look-a-lot-like-thoseon-earth-and-mars/?comments=1&post=30102501

Water freezes at temperature 0 °C. When liquid water
molecules freeze into ice, the temperature inside ice
actually increases, e.g., 3 °C depending on the amount of
water. This is due to the release of all energy water
molecules had, such as kinetic energy, vibration energy,
etc. Because a liquid phase becomes a solid phase, all
those energy is released, raising the temperature.

The word, ‘latent’ means hidden. So, latent heat means hidden heat or hidden energy. The
temperature is constant at 0˚C until entire ice is converted into liquid and again constant at
100˚C until all the ice is converted into vapor. It is because, when a substance changes from
one state to another, a considerable amount of heat energy is absorbed or liberated (without
changing the temperature). This energy is called latent heat.
Heat energy is absorbed by a solid during melting and an equal amount of heat energy is
liberated by the liquid during freezing, without any temperature change. It is called latent
heat of fusion. In the same manner, heat energy is absorbed by a liquid during vaporization
and an equal amount of heat energy is liberated by the vapor during condensation, without
any temperature changes. This is called latent heat of vaporization.
https://www.brainkart.com/article/Latent-Heat_39861/

Water: Surface Tension

UNSINKABLE. Surface tension allows water
striders to stay high and dry. "Dimples" in the
water created by the pressure of the insect's legs
make it possible for it to move in a nearly
frictionless environment.

Jesus Christ Lizard
http://www.youtube.com/watch?v=45yabrnryXk&feature=player_embedded

http://www.panoramio.com/photo/24891039
http://quantumbiologist.wordpress.com/2011/03/09/water-into-wine/
http://www.fcps.edu/islandcreekes/ecology/common_water_strider.htm

Water-Loving (Hydrophilic) vs. Water-Hating (Hydrophobic)
The Contact Angle
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Temperature dependency
Temperature ↑

Hydrogen-bonding ↓

Temperature ↑

Hydrophobic interaction ↑

A droplet of water forms a spherical shape to
minimize contact with the hydrophobic leaf.
http://en.wikipedia.org/wiki/Hydrophobic_effect

Walking on Water: Stone Skipping Mechanism
Water-skipping stones and spheres
A highly deformable elastic sphere maybounce poorly on
land, but it will skip spectacularly on water.
Truscott 2014, Water-skipping stones and spheres
https://physicstoday.scitation.org/doi/pdf/10.1063/PT.3.2631

By bouncing elastic spheres across the surface of Bear Lake in Utah
researchers have discovered the physics behind stone skipping. The
mechanism of ‘water walking’ occurs when a deformed sphere
rotates continuously across the surface of the water giving the
appearance that the sphere is literally walking on water.

https://tomrocksmaths.com/2019/04/04/how-does-stone-skipping-work/

Walking Undersides of Leaves: Mechanism

Fig. 2.10 The reduction in pressure
in a drop can bend a cover-slip.

At θ = 90° exactly there will be neither capillary rise nor
depression and the meniscus will be quite flat, curvature
zero. (As an aside: for certain of the polymers now used
for cheap chemical volumetric ware such as burettes and
pipettes, instead of glass – which has θ < 90° for aqueous
solutions – the meniscus is almost completely flat, θ . 90°,
making reading somewhat easier.)
Clearly, with low contact angles the equalization of
pressures draws more liquid from the mass, but if this
reservoir is not present, a hydrostatic negative pressure is
developed within the liquid and does not disappear. Thus,
if we consider a liquid droplet placed beneath a supported
microscope slide cover slip such as in Fig. 2.10, the
tendency to spread at the TPL boundary on each glass
surface (to increase the area of the wetted interface) the
drop is placed under a negative pressure. The area of the
interface with the air is minimized simultaneously,
accounting for the strange shape of that surface.
It may be noticed that the curvature of the liquid-air
surface is negative in the radial planes, while the
curvature in the other sense (e.g., the horizontal plane at
the ‘waist’) is positive; this is an anticlastic surface.

Fig. 2.11 A mercury droplet must be squeezed
between the slip and the slide to deform it from
a full sphere (doubly-truncated), although the
surface remains ‘spherical’, with the two
curvatures identical in value. The pressure due
to the curvature is exerted on the glass.

Aphids (greenfly and similar bugs) suck out
the juices from plants through mouthparts
that resemble a hypodermic needle. They
have to walk on smooth plant surfaces,
including vertical stems and the undersides
of leaves, and they have to adhere strongly
enough not to be blown off or shaken off as
the leaf waves in the wind. The force of
adhesion has been measured by putting an
aphid on a clean piece of glass on the pan of
a sensitive scientific balance.
The adhesive feet of insects such as this stink bug (suborder
Heteroptera) enable them to walk on the surface of leaves.

Surface tension allows negative pressure to develop in
the film of water between an aphid’s foot and the surface on
which is it standing.

If the sum of curvatures is positive, then the pressure is
greater inside as a result (Fig. 2.11) (as it must be with a
synclastic surface, i.e. both curvatures positive)
Darvell 2018, Surfaces

Collecting Water in the Desert

https://www.youtube.com/watch?v=TmyfqjXOf7M
https://www.youtube.com/watch?v=Lyz8xuMCcOg
https://www.youtube.com/watch?v=0CBS6cjgYFM
https://asknature.org/strategy/water-vapor-harvesting/
https://news.nationalgeographic.com/news/2001/11/1101_TVdesertbeetle.html
http://www.bbc.com/earth/story/20161115-ingenious-and-cunning-ways-to-survive-in-a-desert

Dew Condensation on Desert Beetle Skin

Guadarrama-Cetina 2014, Dew condensation on desert beetle skin
Abstract. Some tenebrionind beetles inhabiting the Namib desert are known for using their body to collect water droplets from wind-blown fogs. We aim to
determine whether dew water collection is also possible for desert insects. For this purpose, we investigated the infra-red emissivity, and the wetting and
structural properties, of the surface of the elytra of a preserved specimen of Physasterna cribripes (Tenebrionidæ) beetle, where the macro-structure appears as a
series of “bumps”, with “valleys” between them. Dew formation experiments were carried out in a condensation chamber. The surface properties (infra-red
emissivity, wetting properties) were dominated by the wax at the elytra surface and, to a lower extent, its micro-structure. We performed scanning electron
microscope on histological sections and determined the infra-red emissivity using a scanning pyrometer. The emissivity measured (0.95 ± 0.07 between 8–14
μm) was close to the black body value. Dew formation occurred on the insect’s elytra, which can be explained by these surface properties. From the surface
coverage of the condensed drops it was found that dew forms primarily in the valleys between the bumps. The difference in droplet nucleation rate between
bumps and valleys can be attributed to the hexagonal microstructure on the surface of the valleys, whereas the surface of the bumps is smooth. The drops can
slide when they reach a critical size, and be collected at the insect’s mouth.

Atmospheric Water Harvesting (AWH)
(a)

Zhou 2020, Atmospheric water harvestingA review of material and structural designs
Metal-organic Framework: MOFs are a kind of
crystalline porous materials constructed by metalcontaining inorganic building centers and
polyfunctional organic ligands through coordination
bonds into three dimensional (3D) interconnected
networks.

(c)
Figure 1. Schematic of atmospheric water harvesting (AWH)
based on moisture harvesters. By using moisture harvesters
with high surface area, porous structure, water affinity, fast
vapor diffusion, and molecular diffusion, the water vapor in
atmosphere can be collected as freshwater. The moistureharvesting materials could be MOF-based materials,
hygroscopic materials, and polymeric gels.

Figure 3. Essential properties of moisture harvesters for
AWH. The ideal moisture harvesters should have high
sorption capacity, low regeneration energy demand, fast
sorption/desorption, and long-term cycling stability.

(b)

Figure 8. (a) AWH based on a thermoresponsive
interpenetrating network gel with liquid water
release. Reprinted with permission from ref 40.
(b) AWH based on the SMAG and its water
uptake in different RH. (c) AWH based on a
rGO-PAAS gel. (d) Water uptake of rGO, PAAS,
and PGF (25 °C, RH = 100%).

Water: Surface Tension
Liquids have cohesion and adhesion, both of which are forms of molecular attraction. Cohesion enables a liquid to resist tensile stress,
while adhesion enables it to adhere to another body.
At the interface between a liquid and a gas, i.e., at the liquid surface, and at the interface between two immiscible (not mixable) liquids,
the out-of-balance attraction force between molecules forms an imaginary surface film which exerts a tension force in the surface. This
liquid property is known as surface tension. Because this tension acts in a surface, we compare such forces by measuring the tension
force per unit length of surface.
When a second fluid is not specified at the interface, it is understood that the liquid surface is in contact with air. The surface tensions of
various liquids cover a wide range, and they decrease slightly with increasing temperature. Values of the surface tension for water
http://www.mhhe.com/engcs/civil/finnemore/graphics/ch02.pdf
between the freezing and boiling points vary from 0.0756 to 0.0589 N/m.

Vapor Phase

Surface free energy (W) is proportional to the surface area (A) of
the interface. The coefficient of proportionality ( is termed
"surface tension”.
Surface Free Energy ~ Surface Area
Surface Tension

Liquid Phase
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The surface tension is a force per unit length and may be illustrated
by means of three-sided wire frame (ABCD) across which a movable
bar (E-E) is placed.
A soap film is formed and stretched by applying a force f (such as
hanging mass m) to the movable bar, length L, which acts against the
surface tension of the soap film. The surface tension of the solution
forming the film is then a function of the force that must be applied to
break the film over the length of the movable bar in contact with the
film.
Since the soap film has two liquid-gas interfaces, the total length of
the contact is equal to twice the length of the bar (2L).

D
For two interfaces:
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The downward force is equal to the mass
multiplied by the acceleration due to gravity:
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Professor Tamara Minko, Rutgers, The State University of New Jersey

Surface Tension and Contact Angle
lv

Young’s Equation (Thomas Young in 1805)

sv
Surface tension is caused by the unbalanced
forces of liquid molecules at the surface
The Contact Angle
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θ

sl

At equilibrium: sv = sl + lv cos

lv
θ

sl



θ




No wetting

Contact Angle Hysteresis (H): H = a  r
The difference between the advancing angle and the
receding angle
http://webcache.googleusercontent.com/search?q=cache:JjFDCt-fbbwJ:www.springer.com/cda/content/document/cda_downloaddocument/9783642342424-c1.pdf%3FSGWID%3D0-0-45-1368817-p174704744

Contact Angle: Surface Roughness

Fig. 1.13 Effect of roughness factor on observed contact angle. The
contours are labelled with the value of the contact angle on a smooth
surface. Thus, for roughness factor r = 1, observed angle = smooth surface
angle.
The true area of interface that must be used in the calculation of energy in equation 1.2,
for both solid-liquid and solid-vapour.

Yu 2021, Durable super-repellent surfaces- From solid–liquid
interaction to applications

θr is sometimes called the Wenzel angle.

Darvell 2018, Surfaces

Surface Tension and Capillary Rise
The cohesive forces of water can draw the water upwards, and the water continues to rise in the
tube due to the surface tension, until the upward movement is just balanced by the downward
force of gravity due to the weight of the liquid.
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γ: Surface tension
ρ: Liquid density
g: Acceleration of gravity
r: Inner radius of tube
h: Height of liquid column

Surface Tension and Capillary Penetration
The capillary penetration method was developed by Washburn, who monitored the rate at which a liquid
penetrates into a compressed powder cake. The measurement was achieved by recording the depth of the
liquid front intrusion as a function of time. (E.W. Washburn, Phys. Rev. 17: 374, 1921)
Minor established from his wicking experiments that the wicking height of liquid in fiber or yarn was
proportional to the square root of time. (Minor, F.W., The migration of liquids in textile assemblies.
Textile Research Journal, 29: 931 & 941, 1959)

ℎ

𝑟𝛾𝑐𝑜𝑠𝜃
𝑡
2𝜂

h: Wicking height
r: Radius of capillary
γ: Surface tension
𝜃: Contact angle
𝜂: Viscosity of liquid
ρ: Liquid density
t: Time

cm
cm
1 cp for water
sec

The viscosity of water = 1 cP ( = 0.01 g/cm.sec = 1 mPa.sec = 0.001 Pa.sec = 0.001 N.sec/m2).

Lying on Water

Capillarity in clean circular glass tubes,
for liquid in contact with air.

Water: A Good Solvent
Because many substances dissolve in it, water is often called a ‘universal solvent’. But it doesn’t dissolve
everything, of course. It dissolves a lot of substances made of ions, because the polar water molecules are
attracted to the charged ions (‘solvation’). To dissolve a salt like sodium chloride, for example, the cost in
energy is the average required to break a Na-Cl bond. But each Na+ ion that’s created is surrounded by as
many as six water molecules, while each chloride ion is also surrounded by many water molecules, each
with Cl-.
Solvation of NaCl. Even though the electrostatic
attractions between the polar water molecules and
the charged ions are relatively weak (compared to a
normal chemical bond), there are so many of them
that it is energetically favorable for the NaCl
structure to break up into solvated ions rather than
remain as a solid crystal.
Water also dissolves other molecules containing polar O-H groups, such as ethanol and sugars. But it does not dissolve
things that are not polar, including the kind of hydrocarbons found in oil and petrol. In the body, water dissolves and
transports both molecules (e.g., glucose for ‘fuel’) and ions of metals like Na+ and K+ that are responsible for transmission
of nerve impulses.
Water also dissolves some gases. Oxygen dissolves in water slightly (which is how fish ‘breathe’ via their gills) but not on
the scale where enough could dissolve in blood plasma for the needs of our body to support respiration in the cells. That is
why our body needs a better oxygen carrier, in the form of hemoglobin.
P. May, S. Cotton. Water, in: Molecules That Amaze Us, CRC Press. 2014, pp. 557-568 (Ch. 67).

Dissolution in Water
Dissolve NaCl in water
Wtotal = Wwater + WNaCl
Vtotal < Vwater + VNaCl
Mix water and ethanol
Wtotal = Wwater + Wethanol
Vtotal < Vwater + Vethanol
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Thermodynamic approach of macromolecule adsorption
ΔGads = ΔHads - TΔSads
Forces involved in macromolecule adsorption
Attractive Force
Van der Waals forces
Electrostatic attractions

Repulsive Force

Hydrophobic interactions
Specific interactions

Hydration forces
Steric repulsion
(non-specific)

Electrostatic repulsion

Water-Repellent vs Water-Resistant vs Water-Proof Fabrics
Water-Repellent vs Water-Resistant vs Waterproof
Fabrics: the Differences Explained
https://camotrek.com/blogs/news/waterproof-and-water-repellent-fabrics/

Rubber vulcanization and the first waterproof fabric for coats.
First modern waterproof/water-resistant breathable fabric
(Ventile, made from 100% cotton, is treated with a DWR
(durable water repellent).
Gore-Tex and the rise of the waterproof breathable membranes

Water-Resistant.
Tightly-Woven.
Shed water, but will
Water-Repellent.
soak through the
Hydrophobic.
fabric in a heavy
Water will bead off
rain.
the fabric rather
than going through.

Water-Proof.
Extremely tightly-woven
/Non-porous.
Water cannot penetrate the
fabric at all, and will keep
you dry in heavy rain.

https://www.buzzfeed.com/jeffbarron/liquid-proof-t-shirt-review

https://www.schoeller-textiles.com/en/technologies/nanosphere
https://www.bluesmiths.com/pages/hydrophobic-water-repellent-shirts

Encasing Water

Fig. 1. Polymer packaging on water surface. (A) The mechanism for
the formation of the PLGA membrane is composed of a phase of
polymer solution spreading by surface tension over the free water
surface while the DMC solvent diffuses, leading to the solidification
of the PLGA membrane. Water packaging methods are shown in
stable/static and dynamic/unstable conditions: (B) on a sessile drop on
hydrophobic substrate and (C) wrapping, in real time, a drop flowing
out of a needle. (D) Explanation of the 3D packaging approach over
the wall of a stable liquid bridge between two plates.

Coppola 2019, Quick liquid packaging Encasing water silhouettes by three-dimensional polymer membranes

Fig. 5. Hydrogels as stamps for polymer membranes. Formation of the polymer film on a rotating cylinder hydrogel
by dispensing (A) or spraying (B). Scale bars, 100 m. Regular-shaped membranes fabricated over a hydrogel face
(C) can be easily peeled off and placed over anysubstrates (D). Scale bars, 20 m. A suspended PLGA membrane
over an array of micropillars (E and F) Tents are used to study the behavior of the membrane’s formation
process,avoiding the influence of interfacial and contact effects. In (G), simply using a needle, we are able to
produce a passage between “inside” and “outside” the membrane and, at the same time, to produce wrinkles
mechanically induced.

Colloid
The word "Colloid" was derived from the Greek, "kolla" for glue, as some of the original organic colloidal
solutions were glues. This term was first coined in 1862 to distinguish colloids from crystalloids such as sugar
and salt.

Lipid-based drug nanocarriers and their nanoscale dimensional
comparison with biological cell, DNA, lipid bilayers, and atoms.

Monzer Fanun. Colloids and Colloid Drug Delivery System.
Encyclopedia of Pharmaceutical Science and Technology, 4th Edn.
Taylor and Francis: New York, Published online: 23 Aug 2013; 531-540
http://www.chm.bris.ac.uk/webprojects2002/pdavies/history.html

Colloid
Due to colloidal particles being so small, their individual motion changes continually as a result of
random collision with the molecules of the dispersion medium. This random, zig-zagging movement is
called Brownian motion after the man who discovered it. This motion helps keep the particles in suspension.

Albert Einstein explained
the Brownian motion.

Robert Brown, Scottish botanist, observed random movement
of pollens of Clarkia under his microscope in 1827.
He thought that the pollens were alive!
http://www.slideshare.net/mikailachetty97/brownian-motion-17933888
http://www.chm.bris.ac.uk/webprojects2002/pdavies/history.html
http://www.tutorvista.com/physics/brownian-motion-definition

Colloid
Colloids are mixtures whose particles are larger than the size of a molecule but smaller than particles that
can be seen with the naked eye. Colloids are one of three major types of mixtures, the other two being
solutions and suspensions. The three kinds of mixtures are distinguished by the size of the particles that
make them up. The particles in a solution are about the size of molecules, approximately 1 nm in diameter.
Those that make up suspensions are larger than 1,000 nm. Finally, colloidal particles range in size between
1 and 1,000 nm. Colloids are also called colloidal dispersions because the particles of which they are made
are dispersed, or spread out, through the mixture.
Types of Colloids
Dispersed Material

Dispersed in Gas

Dispersed in Liquid

Gas (bubbles)

Not possible

Foams: soda pop; whipped
Solid foams: plaster; pumice
cream; beaten egg whites

Liquid (droplets)

Fogs: mist; clouds; hair
sprays

Solid (grains)

Smokes: dust; industrial
smoke

Emulsions: milk; blood;
mayonnaise
Sols and gels: gelatin;
muddy water; starch
solution

Dispersed in Solid

butter; cheese
Solid sol: pearl; colored
glass; porcelain; paper

http://www.chm.bris.ac.uk/webprojects2002/pdavies/history.html

Hydrocolloids
A hydrocolloid is defined as a colloid system wherein the colloid particles are hydrophilic polymers dispersed in water. A hydrocolloid has
colloid particles spread throughout water, and depending on the quantity of water available that can take place in different states, e.g., gel or
sol (liquid). Hydrocolloids can be either irreversible (single-state) or reversible. For example, agar, a reversible hydrocolloid of seaweed
extract, can exist in a gel and solid state, and alternate between states with the addition or elimination of heat.
Many hydrocolloids are derived from natural sources. For example, agar-agar and carrageenan are extracted from seaweed, gelatin is
produced by hydrolysis of proteins of mammalian and fish origins, and pectin is extracted from citrus peel and apple pomace.
Gelatin desserts like jelly or Jell-O are made from gelatin powder, another effective hydrocolloid. Hydrocolloids are employed in food
mainly to influence texture or viscosity (e.g., a sauce). Hydrocolloid-based medical dressings are used for skin and wound treatment.
Other main hydrocolloids are xanthan gum, gum arabic, guar gum, locust bean gum, cellulose derivatives as carboxymethylcellulose,
alginate and starch.

http://www.edinformatics.com/math_science/hydrocolloids.htm
https://courses.lumenlearning.com/chemistryformajorsxmaster/chapter/colloids-2/
https://www.cnet.com/news/appliance-science-the-firm-chemistry-of-gelatin/

Latex
By definition a latex is a colloidal suspension of polymer particles stabilized by dispersing agents in an
aqueous medium. The dispersing agents are conventional ionic or nonionic surfactants or polymeric surfactants
made from block or graft copolymers derived from monomers with different hydrophobicities. An emulsion is a
dispersion of two or more mmiscible liquid phases (one being water) stabilized by amphiphilic materials.
A latex is a specific type of emulsion; one where the organic phase is a polymer particle. The terms latex and
emulsion are often used interchangeably partly because emulsion polymerization is the principal synthetic route
to latices. Emulsion polymerization is one type of heterophase polymerization involving organic and aqueous
phases. Others include suspension, dispersion, and precipitation polymerization which generate water-borne
particles different from latices. Polymers prepared via homogeneous polymerization, whether in solution or neat,
can be inverted into a polymer dispersion in water using surfactants. Similar to latices, these materials can have
very different molecular weight and functional group distributions and thus form a separate class of materials.
Latices have been in use for a very long time and the history of
latices and polymer development are closely linked. The Mayas,
around 1600 BC, used the sap of trees like the sparse Hevea
brasiliensis of South America to make rubber products and
waterproof clothing. The Mayas called the sap “caa o-chu,”
literally translated as “weeping tree.” Caoutchouc is now the
French word for rubber
Michael Grady. Encyclopedia of Polymer Science and Technology. John Wiley & Sons. Vol. 10, pp. 312-332

Latex Properties
The observable properties of a latex, i.e., stability, rheology, film properties, interfacial reactivity, and substrate
adhesion, are determined by the colloidal and polymeric properties of the latex particles. Important colloidal
properties include ionic charge, stability, particle size and morphology distribution, viscosity, solids, and pH.
Important polymer properties include molecular weight distribution, monomer sequence distribution, glasstransition temperature, crystallinity, degree of cross-linking, and free monomer.

Stability
Electrostatic stabilization
Steric stabilization
Rheology
Particle size
Film properties
Improving properties through
compounding

Michael Grady. Encyclopedia of Polymer Science and Technology. John Wiley & Sons. Vol. 10, pp. 312-332

Coacervation and Phase Separation
Coacervation may be defined as the phenomenon in which a colloidal dispersion is separated into two liquid phases, a colloid
rich phase (the coacervate) and a colloid poor phase. The term is to be distinguished from precipitation, which is the result of
destabilization in a colloidal system, and is observed in the form of coagulation or flocculation. The term coacervate is derived
from the Latin word acervus meaning a heap or pile. It was introduced by Bungenberg de Jong and Kruyt in 1929 to describe a
process, in which aqueous colloidal solutions separate into two liquid phases on alteration of the thermodynamic conditions of
state.
Coacervation may be subdivided into simple or complex
coacervation based on the mechanism of phase
separation. In simple coacervation, the phase separation
into two liquid phases may be induced by electrolytes, by
addition of a miscible non-solvent, or by a change in
temperature. Conversely, complex coacervation is driven
by the attractive forces between oppositely charged
polymers.
The earliest commercial application of coacervation was
for the development of “carbonless” copy paper by the
National Cash Register Company in the late 1950s*.
Anuja Rane, James Schwing, Sriramakamal Jonnalagadda
Coacervation and Phase Separation.
Encyclopedia of Pharmaceutical Science and Technology, 4th Edn.
Taylor and Francis: New York, Published online: 23 Aug 2013; 531-540

*Bakan, J.A. Microencapsulation. In: Lachman L, Liebermann, H.A., Kanig, J.L., Eds. The Theory
and Practice of Industrial Pharmacy, 3rd Edn. Philadelphia: Lea & Febiger, 1986: 413–29.

Coacervation and Phase Separation
Polymers in solution are encased in a sheath of solvent molecules that solvate their functional groups, typically through
hydrogen bonding and van der Waals forces. Factors that lower the solvation of dissolved polymers enable contiguous
polymeric chains to attract one another by secondary valence bonds, thereby forming an entangled network through
noncovalent weak cross-links. Gelification is the result of partial desolvation, with the polymer retaining a substantial amount
of solvent. Factors that affect polymer solvation include temperature, pH of the solution, polymer concentration, molecular
weight, and the presence of additional components with greater affinity for the solvent. The additional component may be an
electrolyte (salting-out effect), another solvent (a non-solvent), or another polymer. In aqueous systems, the effectiveness of
desolvation (or dehydration) follows the Hofmeister or lyotropic series, which arranges ions in the order of increasing saltingout capacity for hydrocolloids:
NH4+ <K+ <Na+ <Ca2+ <Mg2+
Cl- <acetate- <SO42- <tartrate2- <HPO42- <citrate3-

Anuja Rane, James Schwing, Sriramakamal Jonnalagadda
Coacervation and Phase Separation.
Encyclopedia of Pharmaceutical Science and Technology, 4th Edn.
Taylor and Francis: New York, Published online: 23 Aug 2013; 531-540

Cell microencapsulation strategy. Nutrients, oxygen, and external stimuli
diffuse across the membrane into the microcapsule. Therapeutic molecules
and metabolites secreted by the entrapped cells diffuse out. Antibodies and
immune cells are excluded by the semipermeable nature of the membrane.

Emulsion Stability
As emulsions are thermodynamically unstable they will
eventually revert back to the original state of two separate
liquids, that is, will break or crack.
Flocculation describes a weak reversible association between
emulsion globules separated by thin films of continuous phase. The
individual droplets retain their separate identities but each floccule
or cluster of droplets behaves physically as a single unit. The
association arises from the interaction of attractive and repulsive
forces between droplets and is reversible in the sense that the
original dispersion can generally be regained by mild agitation.

Reversible

Reversible

Irreversible

Coalescence, where dispersed phase droplets merge to form larger
droplets takes place in two distinct stages. It begins with the drainage
of liquid films of continuous phase from between the oil droplets as
they approach one another. The approaching droplets may deform as
the opposing surfaces distort either to flatten (small droplets) or
dimple (larger droplets) under the hydrodynamic pressures generated
by viscous flow of the continuous phase.
Gillian M Eccleston. Emulsions and Microemulsions
Encyclopedia of Pharmaceutical Science and Technology, 4th Edn.
Taylor and Francis: New York, Published online: 23 Aug 2013; 1408-1423

Irreversible

Irreversible

Schematic representations of the various processes of emulsion breakdown.

Emulsion Stability
Ostwald ripening, where droplet sizes increase due to large droplets growing at the expense of smaller
ones may occur if the emulsion is polydispersed and the oil and water phases exhibit significant
miscibility. This destabilizing process is a result of the Kelvin effect and occurs when small emulsion
droplets (less than 1 μm) have higher solubility (and vapor pressures) than larger droplets (i.e., the bulk
material) and are consequently thermodynamically unstable.
To reach the state of equilibrium, molecules from these droplets dissolve and diffuse through the
continuous phase to enlarge the larger droplets. As the small droplets lose their oil, they become even
smaller, the vapor pressure difference increases, and Ostwald ripening is enhanced further.

Creaming or sedimentation occurs when the dispersed droplets or floccules separate under the
influence of gravity to form a layer of more concentrated emulsion, the cream. Generally a creamed
emulsion can be restored to its original state by gentle agitation. This gravitational process will
inevitably occur in any dilute emulsion containing droplets above 1 μm if there is a density difference
between the phases. Most oils are less dense than water so that the oil droplets in o/w emulsions rise
to the surface to form an upper layer of cream; in w/o emulsions, the cream forms the lower layer.
The rate of creaming can be minimized by reducing droplet sizes and/or thickening the continuous
phase. Nanoemulsions do not exhibit creaming under gravity because of the ultrafine droplet sizes.
Gillian M Eccleston. Emulsions and Microemulsions
Encyclopedia of Pharmaceutical Science and Technology, 4th Edn.
Taylor and Francis: New York, Published online: 23 Aug 2013; 1408-1423

Emulsion Stability
The destabilization processes are not independent, and each
may influence or be influenced by the others. For example,
the increased droplet sizes after coalescence or Ostwald
ripening will enhance the rate of creaming, as will the
formation of large floccules that behaves as single entities. In
practice, flocculation, creaming, coalescence, and Ostwald
ripening may proceed simultaneously or in any order.

Reversible

Reversible

Coalescence and Ostwald ripening are obviously the most
serious types of instability as they result in the formation of
progressively larger droplets and will ultimately lead to phase
separation. Creaming and flocculation on the other hand are
more subtle forms of instability, for although they represent
potential steps toward coalescence and breaking due to the
close proximity of the droplets, many practical emulsions
remain in this state for long periods of time without significant
coalescence, and can be re-dispersed by shaking the container.
Gillian M Eccleston. Emulsions and Microemulsions
Encyclopedia of Pharmaceutical Science and Technology, 4th Edn.
Taylor and Francis: New York, Published online: 23 Aug 2013; 1408-1423

Irreversible

Irreversible

Irreversible

Walk on Water (with the help of polymers)

Oobleck & Ketchup

https://www.youtube.com/watch?v=ipDO2q7kRmg

Oobleck & Ketchup
Oobleck: Starch:Water = 2:1. Shear thickening properties.

http://www.sciencechannel.com/tv-shows/street-science/streetscience-videos/oobleck-acts-as-both-a-solid-and-liquid/

Dilatancy

Tauer, Polymer-Dispersionen, https://www.mpikg.mpg.de/886847/Polymer_latexes.pdf

Dilatancy is a rheological phenomenon. A dilatant liquid shows viscosity
raise as the shear rate is increased. Or in other words when a rod or a
stirrer is moved at higher velocity in the liquid it thickens. With the
polymer emulsion shown in the experiment the effect has been driven to
an extreme. The emulsion consists of small polymer particles of ca. 300
nm. As long as the shear rate is low, e.g., during pouring or slow stirring it
stays thin. The particles order themselves into rows or planes that can pass
each other with only little friction. The liquid flows easily. As the rod is
rapidly pulled out the applied shear rate increases, the order of the
particles is completely destroyed. They interlock and can not move
independently any more. The whole system is converted into a solid like
state. It now can transmit forces that the beaker can be lifted.

“Stress makes tough”
- Stress shifts the particle layers in
highly concentrated emulsions so
that the space between the particles
increases.
- Water cannot redistribute quickly
enough- subsequently the latex
solidifies (walking on the beach).

This experiment shows that the viscosity of a polymer colloid strongly
depends on particle size distribution. The first polymer colloid contains
small polymer particles witha diameter below 100 nm. The second consists
of particles with a diameter of bigger than 500 nm. Both polymer colloids
are pasty, their viscosities are high. After mixing the resulting dispersion has
a bimodal particle size distribution and the viscosity is much lower than
either one before. The small particles fill up the space between the big ones
and the more diverse mixture is flowing more freely.
- The smaller particles distribute evenly
between the larger particles.
- Subsequently water is “released” ad the
dispersion diluted.

