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ABSTRACT

Water, the essence of life and the most abundant substance on Earth, is a molecule
composed of two hydrogen atoms bonded to one oxygen atom. It's a vital resource
that shapes our planet's geography, climate, and biological diversity. Water's unique
properties, such as its ability to dissolve substances, transport nutrients, and regulate
temperature, make it indispensable for all known forms of life. Its cycle through
evaporation, condensation, precipitation, and runoff supports ecosystems and human
civilizations alike. The study of water encompasses its history, from the ancient seas
where life originated, to its presence in the outer reaches of space. Science delves into
its molecular mysteries and conservation efforts focus on sustaining this irreplaceable

resource for future generation.
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CHAPTER ONE

INTRODUCTION TO WATER

1.0: GENERAL INTRODUCTION

Water, is often said to be the life blood of our planet earth, nearly 70% of the earth’s
surface comprises of water. This incredible combination of both hydrogen and oxygen
with an atomic combination of 2:1 (2 hydrogen atoms and one oxygen atom). It is
unique having being the only natural substance found in all three physical states at
temperatures naturally occurring on earth.

From the ancient Egyptians who revered the Nile , to modern scientist studying
climate change , water’s been central to survival and culture. It’s a solvent & a
universal solvent at that, making a suitable solvent for more than 80% of the world’s
solute. It serves as habitat both for aquatic animals and amphibians, serves as viable
fuel for machinery and even for vehicles ranging from roads to sea vehicles, water
also shapes the weather through the processes of condensation, precipitation, e.t.c,
water can also be used for domestic activities such as cooking, washing, drinking,
bathing and so much more.

Also, the human body contains almost 70% water with a portion of this in crystalline

form.

1.1 Importance/versatility of Water

We all need water for different daily activities including:

e Domestic Purposes include bathing, cleaning, cooking drinking, and washing.

e Agricultural applications include irrigation, farming gardening, and frost

control.



e Industrial Applications like food processing, pharmaceutical productions.

Apart from this, we drink water to:

e Stay hydrated

o Lubricate Joints

e Regulate the body’s temperature

e Transport nutrients and other waste in the body.

o Balance the loss of water from the digestive tract and body tissues.

1.2 Water Cycle

Water never stops moving. The water cycle mainly describes the process of the
continuous movement of water from the surface of the earth, to the earth’s atmosphere
and it is usually carried out in four different stages. This entire cycle is controlled
principally by the sun amongst other factors and is also known as the hydrological

cycle

Evaporation: In this stage, the heat from the sun heats up the water from oceans and
other water bodies and evaporates the water in the form of vapors which rises up and

form clouds.

Condensation: The water vapors in the clouds cools down.

Precipitation: The cooled water vapors in the clouds form droplets and released in

the form of Precipitation back to the earth surface in the form of rain or snow.

Collection: The rainwater runs off to the ground and gets collected into the river,

ponds, well, and back to the sea.



As mentioned above, about 97% of the water on the Earth’s surface is covered with
water. Only 2 to 3% of this is okay and safe for drinking. Rest of the water is saline
and other two-thirds of the Earth’s freshwater is frozen in glaciers and these water

resources are mostly inaccessible for human use.

This is the major reason, we all need to reduce wasting this natural resource and

conserve water for future requirements.
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1.3 CONSERVATION OF WATER

Water is one of the basic necessities for every living being and we cannot live life
without water. It is the natural resource and the main constituent of our planet earth.
Water is the universal solvent and plays a key role in the existence of various forms of
life on the planet earth. It is widely used for various purposes such as washing,
bathing, cleaning, cooking, drinking, and other industrial and domestic uses.

Water is a colourless and odourless substance that is essential for the survival of
living beings. There are various sources of water such as wells, rivers, ponds, lakes,

oceans, big dams, and streams. As we all know, nearly 70 to 80 percent of the Earth’s



surface is covered by water, among which only 1-2 per cent water is pure and suitable

for human use.

What is Conservation of Water?

Conservation of water mainly refers to protect, preserve, and control the usage of

water and its resources. It is the system introduced to manage freshwater, reduce the

wastage and protect the water and its resources in order to reduce and to avoid the

scarcity. Therefore, we all should come forward to create awareness about

conservation of water among our own friends, family, neighbors, society, etc.

Conservation of water is very much essential as it saves life on earth.

WAYS OF CONSERVING WATER

9.

. Prefer to use the shower, not always a bath.

When brushing your teeth, close the tap!

. Use a watering can to water the plants.

Use a bucket to clean the floors.

When soaping in the shower, close the shower tap

Use the washing machine fully loaded, not half full.

Prefer to use a dishwasher to do the dishes!

When doing dishes by hand, don’t let the water running from the tap.

Use a bucket and sponge to clean the car!

10.Use the correct water saving button on the toilet!

11. When drinking water, try to use our drinking fountain

12. When you drink from the tap, close the tap when done!

13. Water the plants in the playground with a watering can.



14.Don’t play too much with water in the summer.

15.We should try to reuse our rainwater.

16.When you drink water from a glass only take as much as you need

17.Use the water you saved to drink for later.

18.Double check that the faucet is completely off when leaving the bathroom.

19.Don’t go to the bathroom unless you need to go.

20.Fix broken toilets and leaky faucets.

21.Take short showers.

22.Shut off the water while you are rinsing the dishes.

23.Use the garbage disposal sparingly. Instead, compost vegetable food waste and
save gallons every time.

24.Install an instant water heater near your kitchen sink so you don’t have to run
the water while it heats up. This also reduces energy costs.

25.Toilet leaks can be silent! Be sure to test your toilet for leaks at least once a
year.

26.Use good old soap instead of shower gels for bathing. Gels require extra water
for rinse off

27.Put food coloring in your toilet tank. If it seeps into the bowl without flushing,
there’s a leak. Fix it and start saving gallons.

28.1f your toilet flapper doesn’t close properly after flushing, replace it.

29.Use a shower head. They’re inexpensive, easy to install, and can save you up
to 750 gallons a month.

30.Consider buying a dual-flush toilet. It has two flush options: a half-flush for

liquid waste and a full-flush for solid waste.



CHAPTER TWO

WATER SOURCES

2.0 There are various sources of water which are mentioned below;

Surface Water: Surface water is the most common source of water and they provide
maximum water for drinking and essential purposes. They are easily accessible in
most of the regions. Mostly the water of this source is freshwater which fulfills the
needs of human beings at large. Surface water includes the
following;Rivers,Lakes,Streams Reservoirs Wetlands Groundwater. There is a large
reserve of water below the ground and this water not only helps the plants to grow but
is also useful for human beings as well. Wells, hand pumps, tube wells, etc. are used
to extract groundwater or sometimes this water comes naturally up to the surface then
it is called a spring.

Storm water:It is also known as runoff or rainwater. This is the water we get due to
the change in weather or heavy weather(presence of rain clouds). For example, rain,
snow, hail, etc.This water is fresh but actually got contaminated in the process of
coming down to the earth and needs filtration. Saltwater Our planet is made up of
70% ocean water but this water is salt water and is however very difficult to use it for
human purposes and thus we depend on freshwater to survive. We are trying through
the use of modern technology to eliminate the salt content in water to make it useful.
However, Icecap Water Glaciers and Polar Ice Caps are a great source of fresh water
and this freshwater floats into the ocean sometimes and sometimes with the help of
rivers becomes accessible to the people but the presence of these glaciers and polar

icecaps is very necessary to maintain the earth’s temperature.



LARGER WATER BODIES& THE WATER TO CELESTIAL
PHENOMENON

2.1.What is the Sea?:A water body that consists of saltwater and can be a part of the
ocean or can be surrounded by land as well. For example the Mediterranean Sea,
Arabian Sea, Black Sea, etc.

What are Sea Waves?:The movement of the water up and down on the surface
because of the oceanic movements under the water are called sea waves. It is a type of
ocean wave. There are various types of sea waves such as breaking waves, shallow
water waves, deep water waves, spilling waves, plunging waves, collapsing waves,

surging waves, onshore waves, tidal waves, etc

TIDES

2.2.Tides are short-term or long-period sea waves that are formed in the ocean, and
this is due to the gravitational pull of both the sun and the moon. There are numerous
types of tides that are formed in the oceans. Stated here are three types of tides
according to the frequency, they are; Semi-Diurnal Tides, Diurnal Tides and Mixed
whereas there are two types on the basis of the position of the Earth, the Sun, and the

Moon i.e. Spring Tides and Neap Tides.

Ocean Tides or Currents: The continuous movement of water from one region to
another in the ocean is called ocean tides. A number of factors can however play an
important role in this movement such as breaking waves, winds, Coriolis force,
temperature, and salinity, etc. They are also called currents such as warm currents and
cold currents. The canary current, the Labrador, the Benguela, etc. are examples of

cold currents whereas the Gulf stream and North Atlantic drift are examples of warm



currents. Distribution of Water The planet Earth is the only planet with the presence
of liquid water and it is covered with almost 71% of water and most of the earth’s
water is in oceans which covers almost 97% of the Earth’s water which is saltwater
and the rest of the water i.e. 3% is freshwater which is present in other forms like

glaciers, polar ice caps, rivers, lakes, streams, etc.

2.3.WHY DOES WATER APPEAR BLUE?

Although we all are of the notion that water is colourless, we most likely wonder why
it is not so with certain great quantities of water.The truth however is,water actually
has intrinsically a blue colour,caused by the absorption of light at red wavelengths.
And for large water bodies such as lakes, oceans,seas, these large bodies of water

however mirror the blue sky, and on very cloudy days , these large water bodies

appear gray.



CHAPTER THREE

THE MOLECULAR STRUCTURE OF WATER
A Water molecule is made up of two hydrogen atoms bound together by covalent
bonding to one oxygen atom in a V shaped configuration. The complexity of its
molecular structure is a principal basis for its unique properties and the vital role it

plays to existence as we know it.

As earlier stated water is made up of 2 hydrogen atoms bonded together in covalent
bonding with one oxygen molecule, furthermore the geometry of this H-O-H atom to
atom combination gives it a bond angle of 104.5 degrees. The atom of oxygen in this
union is larger and more electronegative than the hydrogen atoms I.e it readily attracts
more electrons than the hydrogen atom. On the other hand, hydrogen atoms are rather
small compared to oxygen atoms and although electronegative they do not compare to
the electronegativity of the oxygen atoms, thus making electron sharing in this
molecule unequal in the O-H bond. Oxygen attracts electrons more therefore this
creates a partial negative charge about it, and therefore creating a partial positive
charges around each Hydrogen atom. This also a factor that affects the molecular

structure of water molecules.

3.1.POLARITY OF WATER.

Polarity is the separation of electric charge leading to a molecule having an electric
dipole moment, with both a negatively and positively charged end.in water,as well as
other molecules this polarity is caused by the unequal sharing of electrons between
the oxygen and hydrogen atoms which is due to difference in electronegativity. The
polarity of water gives it the ability to dissolve other substances too with both

negatively and positively charged ends and this is made possible because the opposite



charged ends of water molecules are attracted to the oppositely charged ions in these
substances. The polarity of water also causes water to possess a high surface tension

which allows for insects as well as other creature to walk on it.

3.2 HYDROGEN BONDING IN WATER
This is a very peculiar phenomenon in the substance that arises from its structure and
polarity. It is the attraction between highly electronegative atoms like oxygen and the

hydrogen atom.

However since hydrogen is dwarfed in terms of its electronegativity as compared to
other highly electronegative atoms in this case oxygen, they/it pull electrons away
from the hydrogen toward themselves making the hydrogen atoms partially positive.
These partially positive hydrogen atoms however, are the attracted to the lone pair
electrons on the oxygen atoms of neighboring water molecules, thereby forming
hydrogen bonds between water molecules. Therefore, the bond that exists between the
atoms of water is covalent, but the bond that exists between water molecules is

hydrogen.

CONSEQUENCES OF HYDROGEN BONDING IN WATER

® High surface tension; this is because, cohesive forces are created due to hydrogen
bonds in water thus allowing water molecules to stick together causing difficulty
in surface break, and it also contributes to its solvency aiding it to wet and
dissolve substances with ease.

® This causes water to have a high boiling point and this is true duet o the fact that

water has a higher boiling point than other molecules who have similar sizes.
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® Hydrogen bonding, plays a vital role in waters solvent abilities. This is because
numerous molecules and ions disrupt the hydrogen bond formation, thus allowing

them to dissolve in water.

3.3.SOLVENCY OF WATER
While often called the universal solvent, water isn’t truly capable of dissolving every
solute. However, it does possess the ability to dissolve substances more than any other

liquid.

Water’s potent solvency capabilities lies in its polarity, each water molecule has a V
shape with an H-O-H configuration , with the oxygen atom attracting electrons more
toward itself than the hydrogen atom. This occurrence then creates a positive charge
on the hydrogen side of the molecule and negative charge on the oxygen side,thus

making it a dipole .

There are two main ways in which the polar molecules of water interact with other

substances and they are ;

® [n ionic compounds

® Hydrogen bonding

IONIC COMPOUNDS

Water attracts cations (positively charged ions) and anions ( negatively charged ions,
due to differences in charge.lt borders these ions round about with its polar ends,
solvating them effectively and breaking them apart from the solid structure.An
example of this is sodium chloride in water,the Na" and CI" ions are surrounded by

water molecules thus breaking them down and dissolving them.
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HYDROGEN BONDING

Being the bond found between water molecules, water can however go in bonding
forming weak bonds with other polar molecules via hydrogen bonding. And this
bond/attraction is formed when a hydrogen atom in a water molecule is combined or
shares the lone pair electron of either a nitrogen or oxygen atom in another molecule.
And the advantage of this bond is that it is crucial in waters ability to be able to

dissolve alcohols,sugars,and a large number of protein molecules.

LIMITATIONS

Although water’s solvency is very potent, it does have some limitation. And they are

of ;

® Non-polar molecules; substances with no notable polarity, like fats and oils, these
do not however interact well with the polar ends of water. They repel water, and
remain insoluble.

® Strong intermolecular forces; substances with strong intermolecular forces are a
hindrance to waters solvent abilities. If the forces holding the substance together
are of great strength as they are in substances like diamond, even the potency of

waters solvating abilities cannot overcome them.

3.4.STATES OF WATER

Water exists primarily in 3 physical states, and they are;

® Solid
® Liquid
® GQGas

12



Throughout creation, we encounter water in one of these 3 main states, and its
imperative that we know that these three main states are differentiated and defined by
the arrangement and movement, properties of particles that make up all of matter I.e

atoms and molecules.

Below are

SOLIDS(frozen water/ICE)

Arrangement: particles in solids are tightly packed in a fixed, methodical arrangement.
However just because the particles are closely packed doesn’t mean they are static,
these particles vibrate slightly about their lattices. Solid water or frozen water is called

ice.

Usually most liquids freeze into haphazard arrangement, however ice forms a highly
ordered hexagonal crystalline structure. And because of this, we can therefore see
some phenomenon such a snowflakes, intricate patterns that are found in frozen lakes
and glaciers. Each water molecule in ice forms hydrogen bonds with four surrounding
molecules, thereby creating an open and fixed network. This structure therefore is the
reason for ice’s low density than water giving it the ability to float on water. Also ice
starts to melt at 0 degree Celsius or 32 degrees Fahrenheit. And ice as opposed to
some liquids expand rather than contract and that is why frozen pipes burst , and ice

in glass cracks.

PROPERTIES OF ICE

® [ce possesses insulating abilities which are useful in the maintaining of stable

temperatures in polar regions thereby regulating earth’s climate.
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® [ce due to its unique structure can store up large amounts of freshwater therefore
impacting global sea levels.

® Definite shape and volume

® [ce has a lower energy state as compered to water

® [cec is less dense than liquid water hence it floats on it

LIQUID

In liquids, the particulates of water are still close together, however they are not fixed
in place and are free for to move about in Brownian motion. And this can actually be
verified by pouring tiny gain particles in water. Also water in it’s liquid state as earlier
stated, has the ability to dissolve a very large range of substances thereby getting it the
title of universal solvent. Unlike many substances, water expands upon freezing and
this anomaly stems from the open structure that ice possesses, where the water
molecules are much farther apart because of hydrogen bond arrangement. Water in its
liquid state ,also possess the power to shapes landscapes by means of erosion which is
by the slow washing away of the particles of surrounding bodies inline with the
direction of its movement, weathering. And pure water maintains a delicate PH
balance of 7.However so acids and bases respectively tend to tip this delicate balance
throughout nature, making it either acidic or basic. Water acts as a buffer, constantly

seeking to restore neutrality in many biological systems and environment.

GAS

water in gas state, the molecules are so energized that they however break free from

the bonds which hold the molecules together, and this usually due to an increase in

14



temperature. And this phase shift occurs when a volume of water is heated above 100

degree Celsius.

Understanding the relationship that exists between temperature, pressure and water
vapor, is crucial for various atmospheric phenomenon such as precipitation and cloud
formation. And humidity in relation to this, measures the amount of water vapour

present in air, thereby influencing climate and weather conditions.

3.5.WATER’S AMPHOTERIC NATURE
Water with it’s simple molecular formula, however simple plays vital roles in
chemical reactions and manifests fascinating properties by reason of its unique

molecular structure; and among many are the following:

The amphoteric nature of water, makes it capable of either accepting or donating a
proton. This ability makes it capable of reacting as an acid, and also as a base. When
water acts as an acid, it donates a proton to whatsoever is acting as a base, and the
latter accepts the proton thereby reacting as the base. When water acts as a base,
reverse is the case as it is however the one who accepts the proton, and whosoever
reacts with it, the acid. With this ability water is readily capable of dissolving many

compounds, and participate in diverse reactions.

WATER AS AN ACID

Water is also capable of turning blue litmus red when it acts as an acid.And this
happens because/when,the positive hydrogen ions(H") in the water are in excess;
under such conditions does water act as an acid.However when the water is neutral as
it naturally occurs (mostly), blue litmus doesn’t change because, water naturally is a

neutral substance with a PH of 7. However taking into account spontaneous reactions,
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water is likely to tip this delicate balance through out nature, tilting either farther from
the 7.0 PH mark or receding before. And water with PH less than 7 is said to be acidic.

Below are some reactions with water as an acid;

NH3tH201) NH 429 +OH (aq)

H20 (1) + NaOH (aq) -> Na+ (aq) + OH- (aq) + H20 (1)

Also Water itself undergoes a very slight dissociation reaction. A tiny fraction of

water molecules split into a hydrogen ion (H+) and a hydroxide ion (OH-).

WATER AS A BASE

On the flip side of things, water as a base turns red litmus blue, and functioning as a
base,when there is an excess of hydroxide ions (OH"),thereby shifting the PH of water
farther from 7.When water reacts with a stronger acid, say HCL( Hydrochloric acid) it
acts as the base accepting hydrogen ion (H").Below are some react where acids acts as
abase; HCI (aq) + H20 (1) -> H30+ (aq) + CI- (aq)ions; CH3COOH

(aq) + H20 (1) <<==>> CH3COO- (aq) + H30+ (aq)
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CHAPTER FOUR

PARAMETERS USED FOR DETERMINING THE INTERGRITY OF
WATER.

To establish, not every water is suitable for every use as there are parameters both
chemical and physical that indicate when water is suitable for a particular use.
Checking the quality of water involves looking at various aspects like its physical
characteristics, chemical composition, and the tiny organisms living in it. And below
are some of the physical and chemical parameters of what standard water(safe and

good for human use) should exhibit, comprised of;

4.1.PHYSICAL CHECKUP:

Cloudiness: Is the check for how murky the water is, affecting how much
light gets through and its impact on underwater life.

Temperature: How hot or cold the water is, influencing how much oxygen it
can hold and how fast Reactions happen in the water.

Color: Any unusual colors might indicate the presence of things like plants,
minerals, or pollutants, needing further investigation.

Taste and Smell: Water is odourless,and tasteless, therefore anything short of
this, such as Unpleasant sensations can point towards contamination or the need for
treatment.

Solids: The amount of tiny particles floating or dissolved in the water,
affecting its taste, appearance, and how well equipment functions.

Electrical Conductivity: A measure of how well the water conducts

electricity, indicating the presence of dissolved salts and minerals.
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Chemical Analysis:

pH: How acidic or basic the water is, impacting how well it dissolves things
and affecting various processes.

Acidity and Alkalinity: The water's ability to neutralize acids and bases,
respectively, providing a broader picture alongside pH.

Chlorine: Often used to kill harmful bacteria in public water supplies, with
regulated levels based on various factors.

Hardness: The presence of specific minerals, mainly affecting soap lathering
and scaling in pipes and appliances.

Dissolved Oxygen: The amount of oxygen available for aquatic life, with low
levels posing a threat to their survival.

Biological Oxygen Demand (BOD): Indicates the amount of oxygen needed
by decomposers to break down organic matter, with high levels suggesting possible

pollution.

Biological Inspection:

Bacteria: Checking for specific types of bacteria, especially those indicating
potential fecal contamination and health risks.

Algae: Excessive algae growth can affect water quality by reducing oxygen
levels and producing harmful substances.

Viruses: Certain viruses can be present in water and pose a health risk,

requiring specific testing methods for detection.

However it is important to remember, that the specific tests and acceptable levels for
each parameter vary depending on the intended water use like (drinking, irrigation,
etc.).Meanwhile exceeding a single limit doesn't necessarily mean unsafe water, a

18



broad evaluation of all relevant parameters is crucial for accurate assessment. For
specific concerns, it's always best to consult qualified professionals and refer to

relevant regulations.

CHEMICAL CHECKUP

However broad, for this particular research, I will be zooming in only on

® Temperature

® (Conductivity

® PH

® Electrical potential

4.2WATER AND TEMPERATURE

Water exhibits a very unique relationship with temperature,with temperature
possessing the ability to impacting its physical and chemical properties in numerous
ways. Temperature like other physical parameter affects water differently at different
intensities of either cold or heat.So lets explore the effects of temperature on water at

different intensities.

The number effect of Temperature on water are numerous, and despite having a lot of

them, the first on this list and because it is the most noticeable is:

DENSITY:

Unlike most materials, water's density changes significantly with temperature. Water
reaches its maximum density at 4°C, and as the temperature increases or decreases

from this point, the density decreases. This is an anomaly responsible for ice floating
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on water, a phenomenon crucial for life on Earth. As water cools as earlier stated it
contracts and becomes denser following the usual behavior of liquids. However below
that point it begins to contract and this is the anomaly of water below 4°C.And the

importance of this is;

® By this anomaly, frozen lakes and oceans wouldn’t freeze from the bottom nor

freeze to the bottom thus hindering life below.

® The differences in the densities of water bodies drive the convection currents in
oceans and lakes. Cold denser water sinks, while warm less dense water rises, and

this circulation plays a vital role in regulating the earth’s climate.

This knowledge can also be applied in the following:

® (Oceanography; studying ocean currents, and their impact on weather patterns and

climates.

® Limnology; investigating fresh water bodies and their ecological processes

® Engineering; in the designing of underwater structures, boats, ships,submarines.

In simpler terms p=p=pH20(1)/1+p(T—To).

VISCOUSITY

As water temperature increases, water molecules move faster, thus resulting in a
decrease in viscosity. This means water becomes more fluid at higher temperatures,
making it easier for objects to move through it. At higher temperature. The Inverse

Relationship Between Water Temperature and Viscosity
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Water, unlike many other substances, exhibits a strong inverse relationship between
its temperature and viscosity.expand more This means that as the temperature of

water increases, its viscosity decreases, and vice versa.

Understanding this relationship is crucial in various scientific and engineering

fields, including:

Fluid mechanics: Viscosity plays a fundamental role in fluid flow, affecting
phenomena like friction, heat transfer, and pressure drop in pipes.

Environmental science: Temperature changes in oceans and lakes can
significantly impact the movement and behavior of aquatic organisms.Where higher
temperatures mean higher fluidity and lower temperature mean lower fluidity.

Chemical engineering: The viscosity of water influences the efficiency of

mixing processes, pumping, and other industrial applications.

The underlying reason for this inverse relationship is the behavior of water

molecules:

At higher temperatures, water molecules possess greater kinetic energy. This
increased energy causes them to move more rapidly and vibrate more intensely,
leading to weaker inter-molecular forces between them. As a result, the molecules
experience less resistance when flowing past each other, resulting in lower viscosity.

In contrast, at lower temperatures, water molecules have less kinetic
energy.expand more This translates to weaker vibrations and stronger intermolecular
forces, causing the molecules to be more tightly bound and resist flow more
effectively, leading to higher viscosity.

The relationship between temperature and viscosity is nonlinear therefore the
reduction in viscosity becomes more pronounced at higher temperatures.
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The presence of impurities and dissolved substances can also affect the
viscosity of water
Salinity; This plays a rather significant role in sea water as where there is

higher salinity viscosity is also higher. And this is due to the fact that

Electrical Conductivity: The electrical conductivity of water also increases with a
rise in temperature. This is due to the fact that warmer water gives room for dissolved

ions to move more freely, thereby facilitating the conduction of electricity.

Saturated Vapor Pressure: The pressure exerted by water vapor in equilibrium with
liquid water (saturated vapor pressure) is highly dependent on temperature. Thus as

the temperature rises, so does the vapor pressure, causing water to evaporate faster.

2. Effects of Temperature at Different Intensities:

Low Temperatures (0°C and below):Freezing: Water undergoes a phase change
from liquid to solid (ice) at 0°C. This is followed by an expansion in volume due to

the unique crystal structure of ice.

Decreased Reactivity: Chemical reactions generally slow down at lower
temperatures, including those involving water. This is due to the fact that molecules

at lower temperatures have less kinetic energy and are less reactive.

High Temperatures (above 100°C):

Boiling: Water transitions from liquid to gas (steam) at 100°C under standard pressure.
This process involves the absorption of a significant amount of heat, contributing to

temperature regulation.
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Increased Chemical Reactivity: Chemical reactions involving water often
accelerate at higher temperatures.In conclusion, water's relationship with temperature
is intricate and multifaceted. Understanding this correlation is essential in various

fields, including biology, chemistry, physics, and environmental science.

4.3. WATER: TEMPERATURE AND PH
PH is the degree of acidity or alkalinity of water. And through scientific observations
the tipping of the scale or even the neutrality[l.e indifference neither been alkaline or

acidic produce certain consequences which can either be beneficial or not.

The Interplay Between Water, pH, and Temperature

Water's unique properties and its role in maintaining pH are significantly influenced

by temperature. Let's delve deeper into this interplay.

Impact of Temperature on Water's Properties:

Hydrogen Bonding: As temperature increases, the kinetic energy of water
molecules increases. This makes it more difficult for hydrogen bonds to form and
break more frequently. While hydrogen bonding remains significant, its influence
weakens at higher temperatures. Consequently, water's properties like cohesion,

specific heat capacity, and solvent power are slightly diminished.

Temperature and Autoionization of Water:

The autoionization equilibrium constant (Kw) of water is not static. Interestingly,

temperature plays a crucial role:

Increased Temperature, Increased Autoionization: With rising temperature,

the equilibrium between H20, H+, and OH- ions shifts. More water molecules
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dissociate, leading to an increase in both H+ and OH- ion concentrations. This

translates to a decrease in pH.

Example: At 25°C, Kw is 1.0 x 10"-14, resulting in a neutral pH of 7. However, at
50°C, Kw becomes approximately 5.47 x 10”-14. This signifies a higher

concentration of H+ and OH- ions, leading to a slightly acidic pH (around 6.6).

Important Note: Even though the pH value decreases with temperature, it's crucial to
remember that pure water remains neutral. The increase in H+ and OH-

concentrations happens proportionally, maintaining a 1:1 ratio.

Implications for Aquatic Environments:

Thermal Pollution: Increased water temperature due to industrial processes
or climate change can have a significant impact on aquatic ecosystems. As water
temperature rises, the pH lowers, potentially stressing organisms adapted to a specific
pH range.

Shifting Buffers: Natural water bodies often contain buffer systems
composed of weak acids and bases that resist drastic pH changes. However, the
effectiveness of these buffers can be altered by temperature. A lower pH at higher
temperatures might necessitate stronger buffering capacity to maintain a suitable

environment for aquatic life.

Measurement Considerations:

When measuring pH, it is imperative to consider the temperature of the
solution.Under standard conditions, pH measurements should be reported alongside
the corresponding temperature for accurate interpretation. This is because a pH value
of 7 measured at 25°C indicates neutrality, while the same value at 50°C suggests a

slightly acidic solution due to the temperature effect on autoionization.
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Conclusion:

Understanding the interplay between water, pH, and temperature is crucial in various
fields, from aquatic biology and environmental science to analytical chemistry. By
considering these factors, we can ensure accurate interpretations of pH data and gain a

deeper understanding of the complex interactions within water-based systems.

4.4. WATER TEMPERATURE & ELECTRIC POTENTIAL

Water, while crucial for various electrical applications, doesn't directly possess
electric potential in the traditional sense. Here's a breakdown of the why and the

interesting connections between these two:

Electric Potential Explained:

Electric potential, often referred to as voltage, is the energy per unit charge (measured
in Volts) that a charged particle possesses in an electric field. It essentially tells you

the "push" or "pull" an electric field exerts on a charged particle.

Why Pure Water Doesn't Have Electric Potential:

Pure water itself is a neutral molecule (H20) with no net electrical charge. It has
equal numbers of protons (positively charged) and electrons (negatively charged),
resulting in no overall electric potential. Additionally, the dissociation of pure water
into H+ and OH- ions occurs at a very low rate, meaning the concentration of charged

particles is minimal.

However, water plays a significant role in influencing electric potential in various

scenarios:
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1. Electrolytes in Water:

Electric potential arises due to the movement of charged particles. When ionic
compounds (salts) dissolve in water, they dissociate into charged ions (cations and
anions).

These ions can conduct electricity, and their movement within the solution
creates an electric potential difference (voltage) between two points. The
concentration and type of these ions significantly impact the conductivity and,

consequently, the electric potential of the solution.

2. Water as a Solvent:

Water's high polarity allows it to dissolve a wide range of ionic compounds.
This ability makes it a vital component in electrolytes used in batteries, fuel cells, and
various electrochemical processes.

By facilitating the movement of ions, water indirectly contributes to the

generation and maintenance of electric potential within these systems.

3. Water Electrolysis:

When applying a sufficiently strong electric potential (voltage) across water,
electrolysis occurs. This process breaks down water molecules (H20) into hydrogen
gas (H2) and oxygen gas (02) at the electrodes.

In this instance, the externally applied electric potential drives the

decomposition reaction of water.

26



4. Applications:

Understanding the relationship between water, electrolytes, and electric
potential is crucial for various applications:

Battery operation: Batteries rely on the movement of ions in an
electrolyte solution to generate electric potential. Water, as a solvent, plays a role in
this process.

Corrosion: Electrical conductivity of water, influenced by dissolved
ions, can contribute to electrochemical corrosion of metals.

Bioelectrical processes: In living organisms, the movement of ions
across cell membranes is essential for nerve impulses and other bioelectrical functions.
While water itself doesn't have electric potential, its role in facilitating ion movement

is crucial.

Important Considerations:

While pure water doesn't possess electric potential, its presence can
significantly impact electrical conductivity depending on dissolved impurities.
Deionized (DI) water, with minimal ionic content, is used in various

applications requiring high electrical resistance.

In conclusion, the relationship between water and electric potential is an interesting
interplay. While pure water lacks its own electric potential, its properties as a solvent
and its role in facilitating ion movement make it vital for various electrical

applications and phenomena.
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4.5. WATER: TEMPERATURE AND CONDUCTIVITY

Water, the elixir of life, may surprise you with its electrical conductivity. Here's an in-

depth exploration of this property and the factors that influence it:

Understanding Conductivity:

Electrical conductivity is a measure of a material's ability to conduct
electricity. It's essentially how easily electric current can flow through the material.

Materials are classified as conductors (high conductivity - e.g., metals),
insulators (low conductivity - e.g., rubber), or semiconductors (conductivity falls

between conductors and insulators).

Pure Water: Not a Great Conductor

Contrary to popular belief, pure water is a poor conductor of electricity. This
is because pure water molecules (H20) are neutral overall. They lack freely moving
charged particles (ions) necessary for efficient current flow.

The small degree of natural dissociation of water into H+ and OH- ions

(autoionization) is insufficient to create significant conductivity.

The Culprit: Dissolved Ions

The conductivity of water hinges on the presence of dissolved electrolytes.
These are ionic compounds that dissociate in water, forming positively charged
cations (e.g., Na+, Ca2+) and negatively charged anions (e.g., Cl-, SO42-).

These charged particles become the current carriers, allowing electricity to
flow through the solution. The more electrolytes dissolved in water, the higher its

conductivity.
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Factors Affecting Conductivity:

Concentration of Electrolytes: As mentioned earlier, the concentration of
dissolved ions directly impacts conductivity. Higher concentrations lead to more
charged particles available for current conduction, resulting in higher conductivity.

Type of Electrolytes: Different electrolytes dissociate into ions with varying
charges and sizes. lons with higher charges and smaller sizes generally contribute
more to conductivity due to their greater mobility within the solution.

Temperature: Conductivity often increases with temperature. As water
temperature rises, the movement of ions becomes more vigorous, enhancing their

ability to carry current.

Impact of Conductivity:

Water Quality Assessment: Measuring water conductivity is a valuable tool
for assessing water quality. High conductivity can indicate the presence of dissolved
minerals, salts, or pollutants, affecting its suitability for various uses (e.g., drinking,
irrigation).

Corrosion: Electrolytes in water can contribute to the electrochemical
corrosion of metals. Understanding conductivity helps predict and mitigate corrosion
risks in pipes and other water infrastructure.

Industrial Applications: In various industrial processes, conductivity is used
to monitor and control solutions used in electroplating, battery operation, and other

applications.
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Real-World Examples:

Distilled Water: Having minimal dissolved ions, distilled water exhibits very
low conductivity.

Seawater: Rich in dissolved salts, seawater has a significantly higher
conductivity compared to freshwater.

Tap Water: The conductivity of tap water varies depending on the source and

treatment processes. It typically falls within a specific range for safe consumption.

Conclusion:

Water's conductivity is not inherent but arises due to the presence of dissolved
electrolytes. Understanding the factors that influence conductivity equips us to assess
water quality, manage industrial processes, and appreciate the intricate interplay

between water and electricity in our world.
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CHAPTER FIVE

5.1 Oral Re hydration Therapy (ORT): A Lifesaving Intervention for
Dehydration

Oral re hydration therapy (ORT) is a simple, effective, and low-cost method to treat
dehydration caused by diarrhea. It involves replacing fluids and electrolytes lost

through diarrhea with a specially formulated solution of salt and sugar mixed in water.

Why is ORT Important?

Diarrhea, especially in children under five, is a leading cause of death globally. It
leads to dehydration by causing excessive fluid loss through frequent loose stools and

vomiting. Dehydration can be life-threatening, disrupting vital bodily functions.

ORT effectively replenishes fluids and electrolytes, preventing complications and
promoting recovery. It can be administered at home, making it accessible even in

resource-limited settings.

How Does ORT Work?

The oral re hydration solution (ORS) contains:

Water: Replaces lost fluids to restore proper hydration.

Electrolytes: Sodium, potassium, chloride, and sometimes citrate, which help
maintain the body's electrolyte balance, crucial for various functions like muscle
contraction and nerve transmission.

Sugar: Often glucose or another simple sugar, provides energy and aids in the

absorption of sodium and water from the intestines.
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Types of Oral Re-hydration Solutions:

Pre-made ORS packets: These readily available packets contain pre-
measured amounts of salts and sugar, making it easy to mix with clean water at home.

Homemade ORS: In resource-limited settings, a homemade solution can be
prepared using clean water, sugar (table sugar or honey), and salt. However, it's
crucial to follow specific guidelines and ratios to ensure the correct electrolyte

balance.

Benefits of ORT:

Effective: Replaces lost fluids and electrolytes, preventing further dehydration
and promoting recovery.

Safe: Can be used safely at home for most cases of diarrhea.

Low-cost: Readily available and affordable, especially with homemade
solutions.

Easy to administer: Can be given orally, making it suitable for all ages.

When to Use ORT:

ORT is recommended for anyone experiencing diarrhea, especially:

Children under five: Particularly vulnerable to dehydration due to their
smaller body size.

People with frequent watery stools and vomiting: These symptoms lead to
significant fluid loss.

Individuals with mild to moderate dehydration: Signs include dry mouth,

increased thirst, decreased urination, and fatigue.
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How to Administer ORT:

Follow the instructions: For pre-made ORS, mix the packet with clean water
as directed.

Start slowly: Offer small, frequent sips, especially for infants.

Continue with breastfeeding or formula: Don't stop breastfeeding or
formula feeding during diarrhea.

Monitor hydration: Look for signs of improvement in dehydration and

continued diarrhea.

Seek Medical Attention if:

Severe dehydration: Signs include sunken eyes, extreme thirst, lethargy, and
the inability to retain fluids down.

Bloody stools: This likely indicate a more serious condition.

High fever or persistent vomiting: May require additional medical

intervention.

STATISTICAL DATA

In the preceding sections of this research we have established the background and
explored,mention the methods used, e.g., data collection, observations. To gain deeper
insights and uncover potential relationships within the data, we now delve into the
realm of statistics. This section will utilize various statistical techniques to analyze the
collected data related to this research topic.

Our primary objectives in this statistical analysis are:
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Quantify key variables: We will employ descriptive statistics to summarize and
characterize the collected data. Measures like central tendency (mean, median) and
dispersion (standard deviation) will provide a quantitative understanding of the data
distribution.

Identify patterns and trends: Statistical tests will be employed to assess potential
relationships between variables. Techniques like correlation analysis and regression
analysis will be used to explore if changes in one variable are associated with changes
in another.

Evaluate hypotheses: If applicable, hypotheses formulated earlier will be rigorously
tested using statistical methods. This will allow us to draw conclusions with a level of
confidence based on the data.

By harnessing the power of statistics, we aim to transform the raw data into
meaningful knowledge. This analysis will provide a clearer picture of the
phenomenon under investigation and offer valuable insights to support the overall
conclusions of the research project.

Therefore, the tables below provide statistical chemical data collected contrasted with
the intent to prove certain thesis as regards the intergrity of water with various

concentrations of salt sugar solution;
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For 150ml salt/sugar solution

Temperature | Conductivity | Electrical PH
°O) potential(mV)
(mS/cm)
5 3.17 36 7.71
10 3.60 28 7.92
15 3.86 18 8.04
20 4.40 -02 8.14
25 4.90 -23 8.23
30 5.41 -40 8.37
35 5.89 -62 8.55
40 6.37 -73 8.71
45 6.83 -80 8.85
50 7.36 -84 8.92
55 7.85 -95 8.93
60 8.23 -97 8.93

35

For 100ml



salt/sugar solution

Temperature | Conductivity | Electrical PH
°C) potential(mV)
(mS/cm)
5 3.55 027 6.59
10 4.29 016 6.87
15 4.98 009 6.90
20 5.78 002 7.00
25 6.82 -004 7.09
30 8.14 -008 7.14
35 10.86 -088 8.15
40 14.39 -120 8.34
45 15.59 -124 8.91
50 15.88 -126 8.89
55 16.01 -133 8.89
60 16.45 -139 8.83
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For 50ml

salt/sugar solution



Temperature | Conductivity | Electrical PH
°O) potential(mV)
(mS/cm)

5 3.76 012 7.93
10 431 008 7.94
15 5.14 002 8.01
20 6.03 -003 8.04
25 7.05 -009 8.05
30 8.83 -012 8.08
35 10.60 -018 8.32
40 11.59 -035 8.52
45 12.91 -049 8.61
50 14.06 -062 8.77
55 14.22 -067 8.93
60 14.74 -081 8.87
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Below are the results and findings gotten from the experiment conducted with the data

given and below is the result of the operations, findings and conculsion;

conductivity
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TEMPERATURE AGAINST CONDUCTIVTY

For a 100ml salt sugar solution of temperature against conductivity. The x-axis shows
the temperature in degrees Celsius (°C), and the y-axis shows the conductivity in
microSiemens per centimeter (uS/cm). There are data points plotted for temperatures

from 5°C to 60°C.

The graph shows a positive correlation between temperature and conductivity. As the

temperature increases, the conductivity of the solution also increases. This is because

temperature affects the mobility of ions in the solution. Higher temperatures cause the
ions to move faster and collide less frequently, which increases the solution's ability

to conduct electricity.
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Here's a more detailed breakdown of the graph's features:

» Temperature range: The graph covers a temperature range of 55°C (from 5°C to
60°C).

* Conductivity range: The conductivity ranges from 3.55 pS/cm at 5°C to 16.45
uS/cm at 60°C.

* Positive correlation: The data points show a clear upward trend, indicating a positive
correlation between temperature and conductivity.

Overall, the graph confirms the well-established relationship between temperature and
conductivity in electrolytic solutions. As the temperature increases, the ions move
more freely,resulting in higher conductivity.

consequently, higher conductivity.

Arrhenius Equation and Temperature Coefficient:

The relationship between temperature and conductivity can be further quantified using

the Arrhenius equation:

k= A * exp(-Ea / RT)

where:

» k: Rate constant (proportional to conductivity in this case)
* A: Pre-exponential factor

* Ea: Activation energy

* R: Gas constant

* T: Absolute temperature (Kelvin)

Taking the natural logarithm of both sides, we get:

In(k) = -Ea / (RT) + In(A)

39



This equation shows an exponential relationship between the natural logarithm of
conductivity and the inverse of absolute temperature. By plotting In(conductivity) vs.
1/T, we can obtain a straight line with a slope equal to -Ea/R. This slope allows us to
calculate the activation energy required for ions to move freely in the solution,
providing valuable information about the specific interactions between the ions and
the solvent.

Concentration Dependence:

While the graph demonstrates a positive correlation, it's important to consider the
concentration of the salt/sugar solution. A higher concentration of ions would lead to
a steeper slope in the graph, indicating a more significant increase in conductivity
with temperature. This is because there are more ions available to be mobilized by the

thermal energy increase.

Salt vs. Sugar:

The specific type of salt or sugar used can also influence the observed trend. Salts
generally dissociate more completely into ions compared to sugars. This difference in
dissociation can lead to variations in the slope of the conductivity vs. temperature
graph. A salt solution might exhibit a steeper rise in conductivity compared to a sugar

concentration of the same concentration
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Electrical Potential

TEMPERATURE AGAINST ELECTRIC POTENTIAL

The data above depicts the electrical potential (mV) of a 100 ml salt/sugar solution
plotted against temperature (°C). Here's a comprehensive analysis considering the

observed trend and potential underlying factors:

Observed Trend:

The graph reveals a negative correlation between temperature and electrical potential
in the 100 ml salt/sugar solution. As the temperature increases, the electrical potential
becomes progressively more negative.

Possible Explanations:

Several mechanisms could contribute to this observed relationship:

Concentration Effects and the Nernst Equation: At higher temperatures, the
kinetic energy of the ions increases. This can lead to a higher concentration of ions
near the electrode surface due to increased mobility and diffusion. The Nernst

equation describes the relationship between electrode potential and the concentration

41



of ions in solution. According to the equation, an increase in ion concentration at the

electrode can lead to a more negative potential.

Ion Speciation and Solvation: The type of salt or sugar used in the solution can
significantly influence the observed trend. Ions that undergo a greater degree of
solvation (interaction with water molecules) at higher temperatures may become less
inclined to migrate towards the electrode. This reduced mobility could lead to a less
negative electrical potential compared to solutions with ions that solvate less at higher

temperatures.

Data Considerations and Limitations:

Salt/Sugar Type and Concentration: A more in-depth analysis necessitates
information about the specific salt or sugar employed in the solution, along with its
concentration. This information would allow for a more tailored explanation
considering the specific dissociation behavior and potential interactions with water

molecules at varying temperatures.

Electrode Material: The material of the electrodes used in the experiment can also
influence the observed potential. Different electrode materials have varying work
functions (energy required to remove an electron) that can affect the measured

potential at the electrode-solution interface.
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The above image is a graphical illustration of the relation ship between temperature
and pH of a 100ml salt/sugar solution. In most cases, as temperature increases, the pH
of a solution tends to decrease, making the solution slightly more acidic which is

contrary to the above illustration.

Here's a breakdown of the relationship:

Water Dissociation: Water molecules naturally dissociate to a small extent into
hydrogen (H+) and hydroxide (OH-) ions: H.O = H+ + OH-

Equilibrium: This dissociation reaches an equilibrium state at a specific temperature.
The product of the concentrations of H+ and OH- ions remains constant (represented
by the constant Kw).

Temperature effect: When temperature increases, the equilibrium constant (Kw)

also increases. To maintain the constant product, the concentration of H+ and OH-
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ions must adjust. Since Kw = [H+] * [OH-], and water is relatively less dissociated at

higher temperatures, both H+ and OH- concentrations tend to increase slightly.

However, the increase in OH- concentration is usually smaller than the increase in H+
concentration. This relative change results in a slight decrease in pH, indicating a

more acidic solution.

Exceptions:

There can be exceptions to this trend, depending on the specific solution:

Specific solutes: Certain solutes, like some salts, might undergo hydrolysis reactions
in water that affect pH. Depending on the products of the hydrolysis, the solution's pH

could increase with temperature.

Overall:

For most common solutions, including dilute salt solutions and sugar solutions, the
expected trend is a decrease in pH with increasing temperature.

The following are the results obtained for the experiment of a 150ml salt/sugar

solution with the same parameters.
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The graph depicts the temperature dependence of the conductivity of a 150 mL
salt/sugar solution. The conductivity exhibits a positive correlation with temperature,
as evidenced by the increasing trend in conductivity with increasing temperature. This
observation is consistent with the well-established principle that the mobility of ions
in an electrolytic solution augments with increasing temperature. Consequently, the
solution’s capacity to conduct electricity increases as temperature rises. The gradient
of the plotted line quantifies the extent of this change in conductivity with respect to
temperature. A steeper gradient signifies a more pronounced enhancement in

conductivity with increasing temperature.

The observed, near-linear relationship between temperature and conductivity,
indicated by the relatively uniform spacing of the data points, suggests a constant rate
of change in conductivity across the investigated temperature range. It is essential to
acknowledge that the specific temperature dependence of conductivity is contingent

upon the concentration of the dissolved solute. In general, a more concentrated
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solution will exhibit a greater conductivity than a more dilute solution at a given

temperature.

Furthermore, the nature of the dissolved solute also plays a role in influencing the
temperature dependence of conductivity. Electrolytes, like salts and acids, dissociate
in solution to form charged ions that contribute significantly to electrical conductivity.
In contrast, non-electrolytes, such as sugar, do not readily dissociate into ions in
solution and hence exhibit minimal conductivity. The conductivity of a solution
containing both an electrolyte and a non-electrolyte is typically dominated by the
presence of the electrolyte.

It is also important to consider the possibility of saturation at higher concentrations.
As the concentration of the solute increases, the solution may become saturated,
meaning it can no longer dissolve additional solute. If the temperature continues to
rise beyond this saturation point, the excess solute may precipitate out of the solution,
reducing the number of free ions available for conduction and potentially leading to a

decrease in conductivity.

In conclusion, the graph depicts a positive correlation between temperature and
conductivity of a 150 mL salt/sugar solution, which can be attributed to the enhanced
mobility of ions at higher temperatures. The specific rate of change in conductivity
and the overall magnitude of conductivity depend on the concentration of the

dissolved solutes and their electrolytic nature.
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Relationship between Temperature and Conductivity:

The temperature dependence of conductivity can be described by the Arrhenius

equation, commonly used in reaction kinetics:

K =Ko * exp(-Ea/ (R * T))

where:

* « (kappa) is the conductivity of the solution (S/cm)

* ko (kappa naught) is the pre-exponential factor (S/cm) - accounts for factors
independent of temperature

* Ea is the activation energy for ionic conductivity (J/mol) - minimum energy
required for ions to move freely

* R is the universal gas constant (8.314 J/mol*K)

* T is the absolute temperature (Kelvin)

According to this equation, conductivity (k) increases exponentially with increasing
temperature (T). The activation energy (Ea) represents the energy barrier that ions
need to overcome to conduct electricity. A lower Ea translates to a steeper rise in

conductivity with temperature on the graph.
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Concentration Dependence:
While temperature influences mobility, the number of mobile ions determines the
overall conductivity. For a specific electrolyte at a constant temperature, the following

relationship (often empirical) holds:

k=K *C

where:

* K is the conductivity (S/cm)
* K is the specific conductivity constant (S/cm * (mol/L)"-1) - depends on the
electrolyte

* C is the concentration of the electrolyte solution (mol/L)

This equation indicates that conductivity increases proportionally with the
concentration of the electrolyte (C). However, this relationship may not be strictly

linear at very high concentrations due to ion-ion interactions or saturation effects.

Salt vs. Sugar:

Salts are strong electrolytes, readily dissociating into ions in solution. This
dissociation is reflected in the higher conductivity of salt solutions compared to sugar
solutions. Sugar, a nonelectrolyte, dissociates minimally, resulting in a much lower
contribution to overall conductivity. In the given salt/sugar mixture, the conductivity

will likely be dominated by the presence of the salt.
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The graph displays a plot with temperature on the x-axis labeled "5" to "70" degrees
Celsius and electrical potential on the y-axis labeled "Electrical Potential" with values
ranging from "-120" to "60." The data points depict a generally increasing trend in

electrical potential with increasing temperature.

Interpretation:

The observed correlation between temperature and electrical potential aligns with the
fundamental principle that the electrical conductivity of an electrolytic solution
increases with temperature. Here's a breakdown of the underlying factors:

* Salt Solution as Electrolyte: While the specific type of salt isn't mentioned, salt
solutions dissociate in water to form charged ions (cations and anions). These ions are
responsible for conducting electricity in the solution.

* Temperature and lon Mobility: As temperature rises, the kinetic energy of the ions

in the solution increases. This translates to faster movement of ions, enhancing their
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ability to conduct electricity. Consequently, the electrical potential measured across

the solution increases.

Concentration Considerations:

The interpretation assumes a constant concentration of the salt in the solution
throughout the temperature range. If the concentration were to change, it would affect
the electrical potential:

* Higher Concentration, Higher Conductivity: A solution with a higher concentration
of salt would have more ions available for conduction, leading to a generally higher

electrical potential at a given temperature.

Sugar and Electrical Potential:
The sugar component likely has a minimal influence on the electrical potential in this
scenario. Sugar is a non-electrolyte, meaning it doesn't readily dissociate into ions in

water. Therefore, it contributes minimally to the overall conductivity of the solution.

Beyond the Graph:

Electrode Selection: The electrical potential measured depends on the electrodes
used. Standard electrodes with specific properties are typically employed for accurate
and reproducible measurements.

In conclusion, the graph demonstrates a positive correlation between temperature and
electrical potential for the 150 mL salt/sugar solution. This observation is consistent
with the temperature dependence of electrical conductivity in electrolytic solutions.

The interpretation considers the role of salt dissociation and ion mobility.

50



Here's a more specific scientific take on the relationship between temperature and
electrical potential in the salt/sugar solution, incorporating the Nernst equation:
Nernst Equation and Electrical Potential:

The Nernst equation relates the electrical potential (E) of a cell (or, in this case, the
potential difference between the electrodes in the solution) to the standard electrode
potential (E®), the ionic concentrations, and temperature:

E =E° - (RT/ (nF)) * In(Q)

where:

E is the electrical potential (V)

E° is the standard electrode potential (V)

R is the universal gas constant (8.314 J/mol*K)

T is the absolute temperature (Kelvin)

n is the number of electrons transferred in the electrode reaction

F is the Faraday constant (96485 C/mol)

Q is the reaction quotient (ratio of product concentrations to reactant concentrations)
Applying the Equation (Hypothetical Scenario):

While the Nernst equation strictly applies to electrochemical cells, we can use it
conceptually to understand the observed trend:

As temperature (T) increases in the equation, the term (RT/nF) becomes larger. This
can lead to a higher electrical potential (E), assuming other factors remain constant.
The increased temperature enhances the mobility of ions in the solution, effectively
increasing their concentrations at the electrodes. This change in concentration can also

contribute to a higher electrical potential according to the equation (via the term

In(Q)).
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Important Considerations:

The specific values of E° and n depend on the type of salt used and the electrode
reactions occurring. Without this information, we cannot calculate the exact change in
electrical potential.

The Nernst equation assumes ideal behavior, which may not hold true for
concentrated solutions.

Additional Details:

The electrical potential measured depends on the distance between the electrodes in
the solution. A shorter distance might result in a higher measured potential.

The conductivity cell used for the measurement might introduce its own resistance,
affecting the observed electrical potential.

By incorporating the Nernst equation, we delve deeper into the theoretical basis for
the observed trend. However, the interpretation acknowledges the limitations due to
unknown specifics of the experiment and emphasizes the importance of factors

beyond temperature for a complete understanding.
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The above image is a graphical illustration of the relation ship between temperature

and pH of a 150ml salt/sugar solution. In most cases, as temperature increases, the pH
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of a solution tends to decrease, making the solution slightly more acidic which is

contrary to the above illustration.

Here's a breakdown of the relationship:
Water Dissociation: Water molecules naturally dissociate to a small extent into

hydrogen (H+) and hydroxide (OH-) ions: H.O = H+ + OH-

Equilibrium: This dissociation reaches an equilibrium state at a specific temperature.
The product of the concentrations of H+ and OH- ions remains constant (represented

by the constant Kw).

Temperature effect: When temperature increases, the equilibrium constant (Kw)
also increases. To maintain the constant product, the concentration of H+ and OH-
ions must adjust. Since Kw = [H+] * [OH-], and water is relatively less dissociated at
higher temperatures, both H+ and OH- concentrations tend to increase slightly.
However, the increase in OH- concentration is usually smaller than the increase in H+
concentration. This relative change results in a slight decrease in pH, indicating a

more acidic solution.
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The following are the results obtained for the experiment of a 50ml salt/sugar solution

with the same parameters.
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The above image is a graphical illustration of the relation ship between temperature
and pH of a 50ml salt/sugar solution. In most cases, as temperature increases, the pH
of a solution tends to decrease, making the solution slightly more acidic which is

contrary to the above illustration.

Here's a breakdown of the relationship:
Water Dissociation: Water molecules naturally dissociate to a small extent into

hydrogen (H+) and hydroxide (OH-) ions: H.O = H+ + OH-

Equilibrium: This dissociation reaches an equilibrium state at a specific temperature.

The product of the concentrations of H+ and OH- ions remains constant (represented

by the constant Kw).
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Temperature effect: When temperature increases, the equilibrium constant (Kw)
also increases. To maintain the constant product, the concentration of H+ and OH-
ions must adjust. Since Kw = [H+] * [OH-], and water is relatively less dissociated at
higher temperatures, both H+ and OH- concentrations tend to increase slightly.
However, the increase in OH- concentration is usually smaller than the increase in H+
concentration. This relative change results in a slight decrease in pH, indicating a

more acidic solution.

Exceptions:

There can be exceptions to this trend, depending on the specific solution:

Specific solutes: Certain solutes, like some salts, might undergo hydrolysis reactions
in water that affect pH. Depending on the products of the hydrolysis, the solution's pH

could increase with temperature.

Overall:

For most common solutions, including dilute salt solutions and sugar solutions, the

expected trend is a decrease in pH with increasing temperature.
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The x-axis of the image you sent shows temperature (°C), and the y-axis shows
conductivity (unspecified units). There are data points plotted for temperatures from

5°C to 60°C.

General Trend:

The graph depicts a positive correlation between temperature and conductivity. As the
temperature increases, the conductivity of the solution also increases. This is a

common observation in electrolytic solutions.

Explanation:

Increased temperature results in several effects that contribute to the rise in

conductivity:

Increased lon Mobility: With higher temperature, the kinetic energy of the ions in the

solution increases. This translates to faster movement of ions, allowing them to carry
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electric current more efficiently, thereby increasing the overall conductivity of the

solution.

Increased Ionization (for some solutions): In some cases, particularly for weak
electrolytes, higher temperatures can promote a greater degree of dissociation of
neutral molecules into ions. This leads to a higher concentration of charge carriers

(ions) in the solution, resulting in enhanced conductivity.

Specific Considerations for Salt/Sugar Solutions:

Salt vs. Sugar: Salts generally dissociate more completely into ions in solution
compared to sugars. This means a salt solution inherently has a higher concentration
of mobile ions and might exhibit a steeper increase in conductivity with temperature

compared to a sugar solution at the same concentration.

Concentration Dependence: The magnitude of the conductivity change with
temperature can also depend on the initial concentration of the salt or sugar in the
solution. At higher concentrations, the solution might already have a significant
number of ions, and the relative increase in ion mobility due to temperature might be

less pronounced compared to a more dilute solution.

Data Anomalies (if applicable):

The data points in the image you sent appear to deviate slightly from a perfectly

straight line, particularly at higher temperatures. This could be due to several factors:

Experimental errors: Variations in how the experiment was conducted at different

temperatures might influence the measured conductivity values.
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Concentration changes (for sugar solutions): At higher temperatures, there might be a
slight increase in the solubility of the sugar, leading to a higher concentration of
dissolved particles. This could contribute to the observed increase in conductivity

beyond the effect of ion mobility alone.

Overall:

The graph aligns with the expected behavior of electrolytic solutions, where
conductivity increases with temperature due to enhanced ion mobility. However, for a

more in-depth analysis, it would be helpful to know the following:

Specific salt/sugar used: Knowing the type of salt or sugar allows for a more tailored

explanation considering its dissociation behavior in water.

Solution concentration: The initial concentration of the salt/sugar solution can

influence the observed temperature dependence of conductivity.

Let's delve deeper into the scientific details that govern this relationship,

incorporating concepts from physical chemistry:

1. Impact of Temperature on Ion Mobility:

Temperature plays a crucial role in conductivity by affecting the mobility of ions in

the solution. Here's the connection:

Kinetic Molecular Theory: According to kinetic molecular theory, as temperature
increases, the kinetic energy of the particles in the solution also increases. This
translates to faster movement of the ions, both positive and negative, present in the

solution.
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Viscosity: Higher temperature reduces the viscosity of the solution. Viscosity
represents the internal resistance of a fluid to flow. With lower viscosity, ions
encounter less resistance as they move through the solution, leading to their faster

migration and increased ability to carry electric current.

2. Conductivity Equations and Concentration Effects:

While the qualitative understanding is valuable, we can delve into quantitative aspects

using the following equation for conductivity (k):

k=X (z 1”2 q elpi]) *c

where:

K: Conductivity (S/cm)

¥: Summation over all ionic species in the solution

z_1: Charge number of the ion (e.g., +1 for Na+, -1 for Cl-)

q_e: Elementary charge (constant value)

|u_i]: Absolute value of the ionic mobility (cm”2/Vs)

c: Concentration of the electrolyte (mol/L)

This equation highlights the dependence of conductivity on both concentration (c) and
ionic mobility (|u_i|). As discussed earlier, temperature influences ionic mobility, and

the equation suggests how this can impact conductivity.
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3. Specific Considerations for Salt/Sugar Solutions:

The type of solute used in the solution plays a significant role:

Salt vs. Sugar: Salts generally dissociate more completely into ions in solution
compared to sugars. This means a salt solution inherently has a higher concentration
of mobile ions (¢ in the equation) and might exhibit a steeper increase in conductivity

with temperature compared to a sugar solution at the same concentration.

Dissociation of Weak Electrolytes: Some sugars, particularly at higher concentrations,
might exhibit weak electrolytic behavior. At higher temperatures, there could be a
slight increase in the dissociation of these sugars, leading to a small rise in the number
of charge carriers (ions) and a corresponding increase in conductivity. However, this
effect is typically much smaller compared to the significant dissociation observed in

salt solutions.

4. Non-ideal Behavior and Limitations:

The equations presented assume ideal behavior of the solution and ions. In real

systems, deviations from ideality can occur due to factors like:

Ion-ion interactions: Ions in solution can interact with each other, which can influence

their mobility and conductivity to some extent.

Solvent effects: The properties of the solvent (water in this case) can also influence
the behavior of ions. At higher temperatures, the solvation shells around ions might be

slightly altered, potentially impacting their mobility.
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Overall:

The observed increase in conductivity with temperature aligns with the principles of
increased ion mobility due to higher kinetic energy and lower viscosity. However, the
specific solute used (salt vs. sugar) and its dissociation behavior play a crucial role in

determining the magnitude of the change.
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Absolutely, based on the image you sent and the scientific details we've discussed, I
can provide a comprehensive interpretation of the graph showing the electrical
potential of a 50ml salt/sugar solution plotted against temperature. The x-axis
represents temperature (°C), and the y-axis shows electrical potential (mV). Here's a

breakdown of the observed trend and potential underlying factors:
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Observed Trend:

The graph depicts a negative correlation between temperature and electrical potential.
As the temperature increases, the electrical potential of the solution becomes

progressively more negative.

Possible Explanations:

Several mechanisms could contribute to this observed relationship:

* Concentration Changes and the Nernst Equation: At higher temperatures, the kinetic
energy of the ions increases. This can lead to a higher concentration of ions near the
electrode surface due to increased mobility and diffusion. The Nernst equation
describes the relationship between electrode potential and the concentration of ions in
solution. According to the equation, an increase in ion concentration at the electrode

can lead to a more negative potential.

* Ton Speciation and Solvation: The type of salt or sugar used in the solution can
significantly influence the observed trend. Ions that undergo a greater degree of
solvation (interaction with water molecules) at higher temperatures may become less
inclined to migrate towards the electrode. This reduced mobility could lead to a less
negative electrical potential compared to solutions with ions that solvate less at higher

temperatures.

62



Data Considerations and Limitations:

* Salt/Sugar Type and Concentration: A more in-depth analysis necessitates
information about the specific salt or sugar employed in the solution, along with its
concentration. This information would allow for a more tailored explanation
considering the specific dissociation behavior and potential interactions with water

molecules at varying temperatures.

* Electrode Material: The material of the electrodes used in the experiment can also
influence the observed potential. Different electrode materials have varying work
functions (energy required to remove an electron) that can affect the measured

potential at the electrode-solution interface.

Future Considerations:

To gain a more comprehensive understanding of the relationship between temperature

and electrical potential in this solution, future experiments could include:

* Specifying the type and concentration of the salt/sugar: This would allow for a more

targeted analysis based on the specific dissociation behavior of the solute.

* Employing a reference electrode: A standard reference electrode with a stable and
well-defined potential can be used to measure the absolute potential of the solution,
providing more insightful data compared to the relative potential measurements

obtained using two working electrodes.
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By incorporating these considerations, future experiments can provide a clearer
picture of the factors governing the observed changes in electrical potential with

temperature in salt/sugar solutions.

Additional Insights from the Image:

The data points in the image you sent appear to deviate slightly from a perfectly

straight line, particularly at higher temperatures. This could be due to:

Experimental errors: Variations in how the experiment was conducted at different

temperatures might influence the measured potential values.

Solution properties: Depending on the specific salt or sugar used, there could be
additional factors like ion-ion interactions or changes in solution conductivity with

temperature that contribute to the observed variations.

Overall, the graph suggests a complex interplay between factors like concentration
changes near the electrode, ion-solvent interactions, and potentially the properties of

the electrodes used.
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