THE IMPORTANCE OF FINDING WATER IN THE UNIVERSE
Abstract

Water, an essential compound for life on Earth, is one of the most abundant molecules in the Universe.
Due to the pressure and temperature conditions of the interstellar medium, water is usually in a solid or
gaseous state outside the Earth. We know that in the molecular clouds of our Galaxy water is essentially
in a solid state, being one of the main components of the icy mantles that surround dust grains. Water
vapor is only abundant in regions near stars.

Water is also a very abundant molecule in other galaxies. In some of them, due to the X-rays produced
by their black holes, the collisions between clouds or the intense star formation in their cores; the
abundance of water vapor is so great that it can be detected with our telescopes.

It is important to know the origin of our planet, therefore we could know the possibility of finding water
elsewhere. Regarding the origin of water on our planet, this is still a very controversial issue. The
observation of water in our Solar System and elsewhere in the Universe, specifically in proto-planetary
disks, is essential to reveal our own origin.

During the 2021-22 academic year, the students of 5th EPO?! have worked in the field of Astrobiology,
the origin of water on Earth, the possibility of verifying the existence of water, the state of matter in which
we could find it in some places of our solar system and the possibility that, when there is water, Life
could exist in those corners of the Universe.

1. Theoretical framework

1.1.Introduction

Water in a liquid state is necessary for the existence of life on Earth as we know it. It is the liquid that
serves for the exchange of food and waste between the living being and the outside. In addition, it has
other interesting properties for living beings such as capillarity and abnormal dilation. Thanks to the first
property, water can rise through the roots and stems of plants to the leaves against the force of gravity.
The density of solid-state water, ice, is lower than the density of liquid water, allowing ice to float in water
allowing life to continue in the lower layers and preventing the oceans from freezing. Its role is also
important in the origin of life on Earth, because in the ocean took place the chemical reactions that gave
rise to the complex organic chemistry that sustains life.

As for space engineering, the importance of finding water would give us the possibility of obtaining
hydrogen; on the one hand, which could be used as a source of energy and oxygen, through electrolysis.

1.2.Water in space

In the Universe there are large amounts of water. Hydrogen is the most abundant element in the
Universe and sometimes in atomic form, H, and sometimes in molecular form, H2, is responsible for
virtually all of the visible mass of the Universe. Made up almost entirely of the stars.

In our galaxy, the mass of stars accounts for approximately 85% of the total mass. The rest, about 15%,
is concentrated in clouds of gas and dust grains that fill the space between stars, what is called the
interstellar medium. Heavy atoms (those with mass greater than H, mainly carbon, oxygen and nitrogen,
C, O, and N respectively) are formed in the interior of stars. At the end of the life of stars, they explode
as supernovae in the case of massive stars or eject the outer layers of their envelope forming planetary
nebulae in the case of stars of mass similar to the Sun, in this way the heavy atoms are released into
space incorporating into the interstellar medium. In the interstellar medium, gas and dust are not evenly
distributed, but accumulate forming clouds. In the densest parts of interstellar clouds, where UV
(ultraviolet) radiation from stars cannot reach, molecules are formed.

After molecular hydrogen (H2), water (H20) along with carbon monoxide (CO) are the most abundant
molecules. In fact, for every 10,000 hydrogen molecules, there is one molecule of water. In astronomy,
this is usually expressed by saying that the abundance of water relative to molecular hydrogen is 10-4.
Water is found in all environments in the interstellar medium: star-forming regions, active galaxy nuclei,
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planetary systems, and stars in the later phases of their lives. It can be said that water is ubiquitous in
our Universe. However, it is very difficult to find it in a liquid state, which is the most common state on
Earth and the one of most interest from the biological point of view.

In the interstellar medium, water is usually in solid (ice) or gaseous, water vapor state. This is due to the
peculiar conditions of pressure and temperature. At pressure at the earth's surface (p = 1 atmosphere),
water can be in a solid, liquid or gaseous state depending on temperature. For temperatures below 0°
the water is in solid state. Between 0° C and 100° C, the water is in a liquid state. At higher temperatures,
water evaporates. In the interstellar medium the pressure is much lower than on Earth because both the
temperature and the typical density are: —263°C and 104 hydrogen nuclei per cubic centimeter
respectively. For these pressures (about 10—17 atmospheres) water can only be in a solid and gaseous
state, and the evaporation temperature (strictly speaking it is sublimation because it goes directly from
the solid state to the gaseous state) is -173°C. In our Galaxy, this temperature is only reached in the
regions closest to the stars and in the areas of the interstellar medium where collisions occur.
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Image 1: Phase diagram of water as a function of pressure and temperature?

1.3. Water in our solar System

1.3.1. Underground oceans?

Jupiter's Ganymede and Europa satellites, as well as Saturn's Titan and Enceladus, have in common
that they appear to possess a global ocean of liquid water beneath an icy crust. These stars of the Solar
System are beyond the so-called habitable zone. It is defined as the region around a star in which the
radiation emitted by the star would allow the existence of liquid water on the surface of a rocky planet
(or satellite). But, as we have indicated, the liquid ocean of these rocky satellites would not be found on
their surface but under a layer of ice several tens of kilometers thick.

There are tidal forces produced by the gravitational pull of the giant planets (Jupiter and Saturn) around
which these moons revolve. Well, they are responsible for the warming necessary for the water of these
subterranean oceans to remain in aliquid state. Moreover, this energy, in some cases, produces internal
frictions, which, together with the rotation of the satellites themselves on their axes, generate a certain
volcanic activity in the subsoil. NASA's Cassini probe, in 2005, detected spectacular geysers of water
vapor in the southern hemisphere of Saturn's moon Enceladus. It is a small satellite, only 500 km in
diameter. Liquid salt water on Mars: an essential discovery.

The important discovery concludes that in a region called Plamun Australe, located in the ice sheet of
the south pole of Mars, under a kilometer and a half of water in solid state, the profile drawn by the radar
is very similar to that of the large lakes of liquid water found under Antarctica and Greenland on Earth.

2 Extracted of Source, A. (2012). Water in the Universe.
3 https://www.fundacionaquae.org/agua-hasta-en-el-cosmos/



That is, there could be a large saltwater lake at least 20 kilometers long. In the area it reaches 120
degrees Celsius below zero, but below the surface, the water is in a liquid state. This is possible thanks
to the salinity, which added to the pressure exerted by the ice sheet (increasing the temperature to
minus 30 and minus 70 degrees Celsius), prevents it from freezing.

An excellent way to learn about all the secrets and mysteries that Mars hides is to review the
Aquaexplore project of Aquae Foundation, one of whose deliveries is entirely dedicated to the existence
of water on Mars.

The finding reopens debate about whether life is possible in this or other Martian lakes yet to be
discovered. The Mars Express probe has only explored less than 10% of the Martian South Pole with
its radar. There is still much to know about the Red Planet.

1.3.2 Origin of water on Earth: Meteorites vs come

In the latest scientific studies suggest that 3.9 billion years ago, the Earth suffered an intense
bombardment of asteroids and comets that brought with them water and organic elements that, only
400 million years later, allowed life to appear.

To accommodate the theories of formation of our planetary system, it was proposed that meteorites,
known as carbonaceous chondrites, came from the outer borders of the solar system, where the heat
of the Sun would not have evaporated the water as in the interior regions. Now, an article published in
the journal Science, points to another type of asteroid as the origin of water.

The hypothesis that it was distant meteorites and comets that filled Earth with water requires a complex
process of gravitational influences between the giant planets and those celestial bodies to bring them
here from their distant orbits. Laurette Piani and a team from the National Center for Scientific Research
(CNRS) and the University of Lorraine (France), have tried to justify another of the possibilities they had
proposed to explain that this is the blue planet.

Earth was formed from the mixture of materials found in the nebula that gave rise to the solar system.
"Today we know that terrestrial planets, including the Earth, do not form suddenly, but with the
aggregation of hundreds of bodies," explains Jose Maria Trigo, principal investigator of the group of
minor bodies and meteorites of the Institute of Space Sciences (CSIC-IEEC), in Barcelona. "The bodies
that originated the Earth would be formed at a shorter distance from the Sun and 80 or 90% would be
enstatite chondrites [the most abundant mineral in them] or ordinary," he adds.

In principle, due to its origin close to the Sun, it was thought that in those fundamental bricks with which
the Earth was built there would not be enough water to explain its abundance on our planet. However,
the analysis by Piani and his colleagues suggests that in these primordial rocks there was enough
hydrogen to bring back to Earth up to three times the mass of water that the oceans currently contain.
To make this claim robustly, the researchers accurately measured the concentrations and proportions
of hydrogen and deuterium# in thirteen meteorites from enstatite asteroids. In addition to checking that
they had sufficient amounts of hydrogen, they observed that the amounts of hydrogen and nitrogen
isotopes coincide with those of the Earth's mantle.

The authors acknowledge that they cannot calculate when the arrival of these asteroids carrying the
elements necessary for the appearance of terrestrial water occurred, but they estimate that it occurred
at a sufficiently late period of the formation of the Earth. Jeslis Martinez Frias, CSIC researcher and
director of the Spanish Network of Planetology and Astrobiology, agrees that, if the bombardment had
occurred too soon, before 3.8 billion years ago, the water would have evaporated. "The post-
accumulation bombardment of the first planetesimals® would have destroyed the primitive crust and
water vapor and other gases escaped and stayed forming Earth's atmosphere and water", he notes.
"This, in addition, mixed with other fluids coming from the subsurface through the volcanoes and all
those volatile emissions enriched that primitive atmosphere”, he adds.

The fact that most of the Earth's water comes from these chondrites in the region of the Solar System
near Earth does not rule out the function that those that arrived from the coldest and most distant areas

% El deuterio también recibe el nombre de hidrégeno pesado.

5A planetesimal is a solid object that arises during the process of planet accumulation, whose internal force is dominated by its
own gravity, and whose orbital dynamics are not significantly affected by the drag of gas. (Source:Wikipedia)



could fuffill. "Enstatitics® were important to create conditions of habitability by bringing water, but
carbonaceous ones, which have amino acids, ureas, purines, are more important to make the origin of
life possible,” he explains. Trigo, who considers the work published today in Science very relevant,
points out that this may mean that "carbonaceous chondrites would have contributed a smaller but
significant amount, of about 5 to 10%, of that water and nitrogen [from the Earth], although they could
have done so later, as a result of continuous collisions with other objects throughout the history of the
Earth".

To better understand this critical stage in the history of the planet, it will be necessary to travel to
asteroids where samples can be taken with which to make even more precise measurements than that
of Piani's team. As Frias explains, when it is possible to visit asteroids with some regularity, each type
will have its interest: "Metallic asteroids are more interesting to look for mineral resources such as rare
earths, those that give rise to carbonaceous chondrites are interesting from the point of view of the origin
of life and enstatitics to explain how the Earth began to be habitable".

1.4, Theoretical conclusions

The physicochemical properties of water make it an exceptional molecule. After molecular hydrogen
(H2), water (H20) along with carbon monoxide (CO) are the most abundant molecules. However, in the
universe it is mainly in the solid or gaseous state and rarely in the liquid state. But that state is the most
common on our planet, the only planet, that we know at the moment, on which life exists.

Life on our planet depends on and is intrinsically linked to water. To know its origin on our planet is to
learn about our own existence. Knowing the existence of water elsewhere in the galaxy means looking
for life similar to us.

2. Classroom applications
2.1. Introduction

In the curricular framework of the 5th grade of primary school, we have included as an articulated axis,
during the first quarter and part of the second quarter, water and its importance in astrobiology. Our
study requires an interdisciplinary approach, "pedagogical strategy that implies the interaction of several
disciplines, understood as the dialogue and collaboration of these to achieve the goal of a new
knowledge", (Van del Linde, 2007). And going a little deeper, possibly the approach is transdisciplinary,
"a process that allows the emergence of new fields of knowledge from the dialogue of disciplines" (Morin,
1984).

Astrobiology is considered a term that describes a new paradigm, and according to the NASA
Astrobiology Institute (NAI) Roadmap, it addresses three fundamental questions: How did life begin and
evolve? Does life exist elsewhere in the universe? What is the future of life on Earth and beyond?, being
part of the first question worked on in this school period.

That is why we integrate the stages of the scientific method in the curriculum to investigate and respond
to the main objective of the project as indicated in Order March 17, 2015, which develops the curriculum
corresponding to Primary Education in Andalusia and determines the basic learning for each curricular
area.

The realization of a research project with primary school students requires, in our opinion:

a. A theme that allows to develop part of the curriculum and therefore does not suppose an
overexertion for the students.

b. An approach that is attractive.

Our project consists of a theoretical study about water in its three states of aggregation to matter
comparing it with other liquids, which can be found in different places in the Universe including the Earth.
At different levels of concretion, we will guide students in a simple theoretical framework, but at the
same time rigorous with different research articles at each level. Before carrying out different

6 The so-called enstatitic chondrites, whose name comes from the mineral of which they are largely composed. These objects
account for 2% of known meteorites. https://www.elagoradiario.com/ciencia-e-innovacion/geologia/origen-agua-tierra-polvo-
cosmico-primitivo-a- oceans/



experiences related to the theoretical foundation, a forum for debate and discussion is held where the
student actively intervenes with everything learned, resolving possible doubts, exposing their own ideas
and conclusions.

2.2.Theoretical-practical sessions

The levels are:

Level 0. Importance of water in life.
Level 1. Origin of terrestrial water.
Level 2. Selenite water
Level 3. Martian water
Level 4. Water and other liquids elsewhere in our Solar System.
Level 5. Water and its importance in astrobiology.

2.3. Sequencing

¢ Level 1. Origin of terrestrial water
Student theoretical framework

We start from the article "The mystery of the origin of the terrestrial oceans" where the analysis of
thirteen rocks arrived from space suggests that the water of the Earth has its origin in a type of asteroids
that until now were believed dry.

Experimental framework

Practice 1. Modelling of the origin of water on Earth based on the methoritic origin of
carbonaceous chondrites

Materials needed:

e Two trails with soil
e A balance

e For the recreation of carbonaceous chondrite meteorites: film paper, water and clay

Description

With the help of plastic wrap, we make the meteorites with clay, rest of earth and water. Then we
leave them in the freezer overnight to solidify.




Once frozen, we hit "the meteorites" in one of the earth trays. It is about seeing that the impacted tray
increases in mass with respect to the other tray.

Once "the meteor shower" was over, we covered that tray with plastic wrap and put it in the Sun. The
water evaporated by condensing on the film, thus simulating the existence of water in the atmosphere.

Practice 2. Water collection, by combustion

Materials

e Paper and lighter
e Fire resistant container

e |ce

Description

In a container we burn a lot of paper. On a lid, we put ice and placed the lid on the fire, at such a distance
that the smoke would reach, but not the flames. After a few seconds, we were able to observe the water
droplets that formed on the lid




Practice 3. Theatrical simulation: Why are Earth's oceans salty?

At the bottom of a hillside of the courtyard we arranged a box (oceans) with blue balloons (water
molecules) inside. At the top we put another box (mountains) with colored balloons (salt molecules).

The students (clouds and rivers), collected blue balloons and took them (evaporation, cloud formation)
to the top (mountain). Once there, they caught colored balloons without releasing the blue ones
(precipitation). They then went down the slope to the bottom box (surface runoff), released the colored
balloons (mouth of a river), and climbed again with only blue balloons, completing the cycle.

When performing several complete cycles, it was observed that the blue balloon box of the beginning,
already contained many colored balloons: the ocean has become salty.

Practice 4. Modelling: Why Earth's oceans are salty?’
Materials needed
e Large tray (for example, 25x40 cm). Transparent plastic box without lid.
e Coarse sand or gravel. Clay soll
o Two packets of salt (1kg)
o Watering can. Tap water
e Marquetry drill and fine drill bit (up to 1 mm)
e Glas sor plastic cup
Description

The experiment consists of staging a mountainous relief formed by different layers with different
properties of porosity and solubility (clays, chlorides, sands), through which water will be circulated and
its exit will be channeled to a container that will simulate the sea. The water that will be collected at the

! http://anteriores.cienciaenaccion.org/es/2001/experimento-305/por-qu-el-mar-es-salado.html
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end will have partially dissolved the chloride stratum with which it will have acquired a certain salinity.
The demonstration of the experiment will be carried out by testing the collected water and allowing a
small aliquot to evaporate until the precipitations of the dissolved salts.

The experiment is carried out with very simple materials, available to everyone, and can be carried out
in any type of environment and with minimal cost.

Part One: Preparation of the Experiment

The preparation of the experiment consists of the creation of the model, which must emulate a mountain
formed by different layers, one of which will correspond to a level of sodium chloride that drains into the
ocean. It is a very simple figurative model in which the ocean will be represented by a simple tray and
the mountain, by a plastic box without a lid that will be filled with different materials. The steps to follow
are as follows:

- Place a clay soil base in the transparent plastic box, filling about a third of the box.

-Superimpose a common salt level whose thickness should be similar to that of the clay base. Since the
salt is disintegrated, it is advisable to compact (with your hands, for example) the salt as it is filled. For
a box suitable for the presented measures of the tray are required about three packages of 1 kg of
common salt.

- Fill the fill with a last level of coarse sand or fine gravel. If the available sand has many fine particles,
it is advisable to remove this fine material with a sieve or strainer and a basin, so as not to dirty the
water of the experiment. With these three levels of filling, the model that simulates the mountain has
already been made.

- Make abundant small holes with a drill on one side of the box (preferably one of the short sides), trying
only to make them in the area of the halite stratum. The holes must be small (for example, 1mm in
diameter) to avoid the passage of solid particles (they must let only water through).

-Place the box (uncovered, with the sand level at the top visible) inside the tray, in an inclined position
and with the holes facing the bottom (facing the inside of the tray). The inclination of the box is
recommended to induce the circulation of water towards the tray.



Part Two: Conducting the Experiment

The experience begins with the simulation of precipitation on the relief. It is simply a matter of pouring
abundant water with a watering can on the layer of gravel or sand of the box. The water infiltrates quickly
through this stratum, very porous, to the level of chlorides, through which it circulates until it can go out
through the holes made. The basal level of clays acts as an impermeable stratum. It is important not to
have made holes in the upper area of gravel, since the water would leave immediately, if it barely
reaches the lower chlorides.

In a matter of seconds, the water circulates inside the materials of the box and exits again through the
holes until it is poured into the tray, which simulates the sea. Water can become cloudy because of the
leachate of fine materials present in the gravel matrix; In any case, this water emanates salty, as an
effect of the solubilization of the halite level.

Part Three: Demonstration of the Experiment

The verification of water salinity can be done in three ways in a simple way:

- Tasting the water and checking its salty taste.

- Noting that the salt level has partially dissolved in the front of the box; The solubilization will be greater
the more water poured and / or the greater the inclination of the box.

- Collecting a small fraction of the water from the tray in a glass and letting the water evaporate to
achieve the precipitation of the dissolved sodium chloride.

+* Level 2. Selenite water
Student theoretical framework

We start from the article "NASA confirms that there is more water on the Moon than previously believed"
where observations made by a telescope installed on a Boeing 747 confirm the presence of water on
the Earth satellite. The finding agrees with the conclusions made in another study, which reveals the
presence of "cold traps" where sunlight never reaches, which can reach temperatures of 163 degrees




below zero. The research confirms that the existence of water in the form of ice will be key for future
manned missions.

Throughout the article, the way that water molecules in the Clavius® crater have been able to detect,
including the proportion of the liquid per cubic meter of lunar soil, is discussed. Therefore, the
experiences proposed at this level for the students, were in how it is possible to separate the liquid in a
sample of wet sand, a second to separate the salt that contains a sample of salt water and finally, a third
more complete, the separation of water, salt and sand in a sample of wet marine sand. All this alluding
to the assumption that we were on the Moon and had to collect water from it.

Experimental framework

Practice 1: H,O separation of a sand sample.
We want to know how much water a sand sample has.
We collect a sample of wet sand and weigh it. Next, we put it in the dryer oven and wait a few minutes.

Once the sand has dried, we weigh it again. The difference in weights is the body of water that contained
the sample.

Calculations
It collects the records and calculations in the following table.

Crucible weight 32,79
Dried sample weight 150,4 g
Sample weight 130,5¢
Water weight 199¢g
% of water in the sample 13,23%

Practice 2: Separation of NaCl from a seawater sample.

Know how much salt has the seawater of our coasts.
Boil a sample of seawater until total evaporation.
Evaporated water can be collected in a separate glass after being liquefied.

8 Clavius is one of the most visible craters from Earth. Students have seen it in previous courses and are familiar
with it.




What remains in the precipitated glass is the salt contained in the sample.

Calculations
It collects the records and calculations in the following table.

Crucible weight 109,8 g
Sample of seawater weight 124 ¢
Salt weight 3,59
Water weight 120,59
% of salt in the sample 2,82 %

Practice 3: Separation of NaCl and H20 from a sample of beach sand.

Finally, we separate the salt that may contain a sample of sand from the beach.

Add a sufficient amount of water to dissolve all the salt. We removed to facilitate the process.

We placed the filter paper in the funnel and put it in a glass.

Filter the mixture. The sand was retained at the bottom of the glass. Then we ask them to carefully pour
the sand on a tray. (Filter papers are very delicate.)

Finally, we ask them to put the salt water on the plate and this in a sunny place, waiting for the water to
evaporate.

Calculations
We collected the records and calculations in the following table.

Crucible weight 32,89
Sample of sand from the beach weight 1135¢g
Salt weight 12¢9

% of salt in the sample 1,05%

+* Level 3. Matians water

Student theoretical framework

From the article, "Mars: the discovery of underground lakes at the south pole of the planet (and what
this tells us about the possibility of life)" where it is commented, in addition to other interesting aspects



in astrobiology, that in the depths in which the lakes are located there is not enough heat to melt the ice
on the surface, so scientists believe that what allows water to remain liquid is that it contains high
concentrations of dissolved salts. Salts can significantly reduce the freezing point of water.

After insisting to the students about the importance of all this, it was emphasized with the following
clarification expressed in the article itself: "These experiments have shown that brines can persist for
geologically significant periods of time even at temperatures typical of the Martian polar regions
(considerably colder than the freezing point of pure water)" and "therefore, we think that any process of
formation and persistence of water under the polar caps requires the liquid to have a high salinity".

Experimental framework

Practice 1: Freezing point depression
We place two containers in the freezer one with pure water and one with water and salt to verify that:
e Pure water freezes at 0°C.
e Salted water freezes at temperatures below 0°C, depending on the amount of salt dissolved in
the water.

Practice 2: Check that the graph showing the freezing point depression is met as a function of
the percentage of salt dissolved in the water.
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Image 2. Graph depression freezing point as a function of % salt disolved in H,O
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*%* Level 4. Water and other liquids elsewhere in our Solar System

Student theoretical framework

From the article "Ammonia ice and methane oceans: this is what the seas of the solar system are like™°.
We discovered long ago that water was not exclusive to our planet. As technology improves and science

° Graziella Caprarelli, from the University of Southern Queensland, Australia.
https://www.bbc.com/mundo/noticias-54346914
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advances, we discover more traces of the presence of H20 on other celestial bodies, many of them from
our same planetary system. Such are the seas of the solar system.

In addition to the presence of water in its different states of matter, the existence of other liquids on
planets and their satellites in our Solar System has been discovered. For example, ammonia and
methane.

Ammonia
Ammonia is a colorless gas, with a very pungent odor. It is a strong corrosive base. Its boiling point is -
33°C and its melting point is -78°C.

On Earth, ammonia is produced by decaying bacteria, plants, and animals. On Pluto the temperature
is — 228°C. The New Horizon probe has confirmed the existence of an underground ocean on Pluto.
Other studies confirm the presence of liquid water on its surface. Research conducted by the NASA
Research Center speaks of the presence of complex organic molecules, such as amino acids, in what
they have called "Pluto’s prebiotic ocean”. Ammonia crystals have also been found in that ocean.

Methane
It is the simplest hydrocarbon. It is colorless, odorless and insoluble in water.

Its boiling point is -162°C and its melting point is -182°C. On Earth it occurs after the decomposition, in
the absence of oxygen, of plants. This process can produce biogas. It can also be synthesized by
many microorganisms and living plants. It can also be present in natural gas.

Experimental framework

Con el marco teérico anterior, se incide a los alumnos que la presencia de agua en estado liquido
depende de varios factores, y que lo anémalo es encontrarla en ese estado. Por otro lado, hay
posibilidad de encontrar otros liquidos como son metano y amoniaco.

With the previous theoretical framework, students are inicised that the presence of water in a liquid state
depends on several factors, and that the anomalous thing is to find it in that state. On the other hand,
there is the possibility of finding other liquids such as methane and ammonia.

Practice 1: Methane

Observe that methane (propane in our laboratory) is in a liquid state due to the pressure where it is and
that, if that pressure is released, thanks to the piston, the liquid becomes gas.

Practice 2: Ammonia

Note that the ammonia in this liquid turns into gas at room temperature, and that our refrigerators do not
have enough power to turn it into ice.

Practice 3. Water

We experiment with the pressure variation in a syringe with liquid water, observing that, if we release
pressure, it transforms into vapor (bubbles)!?.

¢ Level 5. Water and its importance in astrobiology

11 Juan A. Vaquerizo https://youtu.be/7IPNwdw-GZA
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All life forms depend on water to survive. Water is a very versatile molecule, with such particular
properties that it is difficult to conceive of another substance in which life could have arisen.

In the following experiments we try to check these properties:

Experience 1: Structure of the water molecule: ice is less dense than liquid water
e o 9
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Image 4. Structure of the water molecule®?

When water freezes, it separates its molecules and thus increases its volume and becomes less dense,
so ice floats on liquid water.

This is very important because aquatic organisms can survive in winter when the top layer of lakes,
oceans and rivers freezes.

The students have been able to experience this property with plastic bottles filled with water and placed
24 hours in a freezer, in order to verify the increase that water experiences when it freezes.
Subsequently, they have checked the buoyancy of the ice in liquid water.

Experience 2: Hydrogen bonds: measuring the length of wet and dry hair

Puentes de
hidrégeno

Image 5. Hydrogens bond*3

The water molecule consists of one oxygen atom and two hydrogen atoms. This molecule has the
property of forming partial positive electric charges on hydrogens and partial negative electric charges
on oxygen. This causes the hydrogens of some molecules to be attracted by the oxygens of others
forming the so-called "hydrogen bonds". Hydrogen bonds are responsible for water having high melting
and boiling points. There are proteins that also form hydrogen bonds in their structure and that makes
them more compact, for example, the protein of hair and nails.

To do this, students have measured the length of their hair (nails) while it is dry and then wet, in order
to compare lengths.

Experience 3: Water content of living beings: fruit dehydration

All living beings require water to fulfill their basic vital functions:
e  Structural function
e Thermoregulatory function

12Ex’[racted Images of www.pinterest.com.mx/andy 88 /agua/ and www.alamy.es/foto-el-hielo-agua-congelada-estructura-cristalina-

13 Extracted image of www.ecured.cu/Sustancias_moleculares
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With different foods, we calculate what percentage of water each of them has.

Initial mass Dehydrated Mass water % Photo
dough
Potato 39,82 10,62 29,20 73,32
Orange 62,60 11,41 51,19 81,77
Tomato 40,68 2,89 37,79 92,89
Lettuce 182,22 7,42 174,80 95,92

Experience 4: Greenhouse water: radiation reflected by snow




One of the most important effects for the planet is the "albedo effect'*". Albedo is part of the Earth's
energy exchange and influences Earth's temperature but also climate change.

Image 6. Albedo effect!®

The energy that comes from the Sun, the heat, is reflected by the atmosphere, clouds and the Earth's
surface. That's albedo, the radiation that reflects the Earth's surface and returns it to the atmosphere.
There is a balance between the heat that is absorbed and between that which is returned to the
atmosphere, but this proportion can be modified both by natural causes and by fires, hurricanes, volcanic
eruptions and even by insect pests that destroy vegetation. These events can produce a temporary
cooling of the planet. That is why this effect is so important in global warming. In areas of perpetual
snow or ice, as in the albedo, the poles are very high, because snow and ice reflect practically all solar
radiation. Forests have low albedo because the green color absorbs a lot of radiation and therefore does
not reflect almost sunlight. They can contribute to more warming in a certain area.

The albedo effect is part of the earth's energy balance, in which everything is in balance, but everything
also tends to entropy, to chaos. Living beings are also part of this unstable balance.

In the laboratory we modeled the "albedo effect”. In an empty fish tank, we laid the floor of ice sheets.
With the help of a lamp he simulated the sun's rays hitting the icy surface.

A second experience was to measure the intensity of light, with the help of an app that reflects surfaces
of different colors. It was about verifying that it is the white light that reflects the most of them all.
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Experience 5: Micellum formation: oil droplets in water

It is not known for sure how the first cells formed. What is certain is that life at the cellular level is so
complex that the appearance of membranes separating certain compounds from others, one medium
from another, was essential.

14 Albedo comes from "albus", which means white or pale light and also designates the property that illuminates the
ground and its atmosphere..

15 Extracted image from hitps://www.educa2.madrid.org/
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Image 7. Micela'®
The primitive membranes could have originated by lipids in an aqueous medium, similar to micelles.

Let's simulate the formation of micelles. To do this we add drops of oil in water and stir with the help of
a rod. Observe, that at first a layer of oil forms, but what happens when you stir?

Those droplets that form, what they can have inside. We conclude by recalling what biological structure
it could be compared to.
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We end up watching the video: https://www.youtube.com/watch?v=Uoit8QfLSml

3. Conclusions

Water is considered the treasure of the Earth, its liquid state is the greatest biological indicator existing,
as it is the most conducive solvent for molecular synthesis. In its solid state, water plays a fundamental
role in the study of the development of life, as it houses different frozen organic molecules from different
geological eras, which allow us to specify the conditions of the atmosphere at the beginning of life. Ice
is also important, as research has shown that, even in these extreme conditions, life thrives. This has
aroused interest in the exploration of "frozen worlds" and the possible development of life (Gonzalez,
A., 2003).

Ongoing research assesses the existence of water and other liquids elsewhere in the universe. From this, and taking
as a reference the necessary conditions in our habitable zone, the possibility of existence of life outside our planet
is questioned, or the possibility of having existed. This last statement makes us think about what were the causes
of the disappearance, giving us more knowledge of how to take care of our Earth.

The quote from Rodriguez (2021), "There are few sciences that are as urgent and necessary as
astrobiology," looks at future studies and research. As for the educational world, we continue to say that
astrobiology is a fertile field that can frame all the subjects of the official curriculum in an interdisciplinary
way. From this perspective, astrobiology provides an excellent vehicle for teaching different sciences
and the connections between them. It is particularly suitable for giving students and researchers the

16 Extracted image of https://biomodel.uah.es/model2/lip/micelas.htm
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opportunity to think about how their knowledge and expertise in a particular field can be applied in new
areas of study and in questions that break traditional disciplinary boundaries. (Leal et al., 2015)
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