
The Properties of Water
Chapter 2.2 

The Water 
Molecule

Polarity
Chemical bonds have angles which 
produce certain molecular structures

This makes water molecules have O on 
one end and H’s on the other end

Polarity - Electrons are shared 
unequally & there are partial (+) and (-) 
charges on the ends or “poles” of the 
molecule, molecule called polar

Oxygen end - 
partially negative
Hydrogen end - 
partially positive

The attraction between a H 
atom on one water 
molecule and the O atom 
on another is known as a 
hydrogen bond

B/c of partial pos. and neg. 
charges, polar molecules 
can attract each other

Hydrogen bonding

Cohesion
Cohesion - an attraction between molecules of the same 
substance. 
Because a single water molecule may be involved in as 
many as four hydrogen bonds at the same time, water is 
extremely cohesive. 
Cohesion causes water molecules to be drawn together, 
which is why drops of water form beads on a smooth 
surface. 
“Water sticks to itself” due to hydrogen bonding

water bridge https://www.youtube.com/watch?v=FhBn1ozht-E

http://www.youtube.com/watch?v=FhBn1ozht-E
https://www.youtube.com/watch?v=FhBn1ozht-E


High Surface Tension
Cohesion also produces high surface 
tension - water’s surface is difficult 
to break, explaining why some insects 
and spiders can walk on a pond’s 
surface.

basilisk lizard https://www.youtube.com/watch?v=45yabrnryXk

Adhesion 
Adhesion - an attraction between molecules of different 
substances.
The surface of water in a graduated cylinder dips slightly in 
the center, forming a curve called a meniscus, because 
the adhesion between water molecules and glass 
molecules is stronger than the cohesion between water 
molecules.
“Water sticks to other polar surfaces” due to hydrogen 
bonding

Capillary Action
Adhesion of water molecules 

causes water to move upwards 
through narrow tubes against 
gravity - capillary action

Cohesion holds the column of 
water together as it rises.
Allows plants to transport water 

from roots to leaves without 
using energy

Cause - adhesion & cohesion

Capillary action 
in plants

Density of water
Water is most dense as a liquid, rather than as a solid like 
most substances, therefore ice (solid water) floats

Keeps large bodies of water from freezing solid AND ice 
insulates water underneath

The decreased density of ice is caused by hydrogen 
bonding - this causes water molecules to spread out and 
form ice crystals when freezing

http://www.youtube.com/watch?v=45yabrnryXk
https://www.youtube.com/watch?v=45yabrnryXk


Heat Capacity
Water has a high heat capacity - the amount of heat 
energy required to increase its temperature

Because of hydrogen bonds b/w water molecules, it takes 
a lot of heat energy to cause those molecules to move 
faster and raise the temperature of the water
Water absorbs a large amount of heat

Heat Capacity
Large bodies of water (oceans and lakes) can absorb large 
amounts of heat with only small changes in temp. This 
protects organisms living within from drastic changes in 
temperature and regulates temp. of Earth
At the cellular level, water absorbs the heat produced by 
cell processes, regulating the temp. of the cell

High heat of vaporization
Water has a high heat of vaporization - amount of heat 
needed to change a substance into a gas
Also because hydrogen bonds take a lot of energy to break 
apart water molecules
Allows for evaporative cooling - how many animals stay 
cool

Solutions & Suspensions
Water is often found as part of a mixture - 2 or more 
substances physically mixed together but not chemically 
combined
Living things are made of 2 types of mixtures involving 
water, solutions & suspensions

Solutions
If table salt (NaCl) is 
added to water, sodium 
ions (Na+) and chloride 
ions (Cl-) are attracted to 
the polar ends of the 
water molecules
Ions break away and 
become dispersed in the 
water (dissolve) forming a 
solution

Solutions
Solution - mixture where one substance is evenly 
distributed (dissolved) in another
Solute - substance dissolved in solvent
Solvent - substance solute dissolves in

Ex. saltwater -> solute - salt, solvent - water

Water’s polarity (partial charges) give it the ability to 
dissolve ionic compounds and other polar substances
A solution is saturated when it has dissolved all of the 
solute that it can



Suspensions
Suspension - mixture where substance doesn’t dissolve 
but separate into pieces so small they do not settle out
Ex. blood - mostly water, with many dissolved compounds, 
but many cells and other undissolved particles

What will dissolve in water?
Will dissolve - hydrophilic substances - ions or polar 
molecules are attracted to partial charges on water 
molecules
Ex. sugar, salt, minerals, gases
Won’t dissolve - hydrophobic substances - nonpolar 
molecules with no charges are not attracted to partial 
charges on water molecules
Ex. fats, oils, wax

Acids, Bases, and pH
Some water molecules separate to form hydrogen ions and 
hydroxide ions
Hydrogen ions always attach to water molecules to form 
hydronium ions

Acids, Bases, and pH
Pure water is neutral because even though about 1 in 550 
million molecules splits, the number of hydrogen ions 
(H+) is equal to the number of hydroxide ions (OH-)
pH scale - indicates the concentration of H+ ions in a 
solution, ranges from 0 to 14
Neutral - pH of 7 - concentration of H+ ions and OH- ions 
is equal, ex. pH of pure water = 7
Concentration - amount of solute relative to amount of 
solvent, ex. Example: 10 g of sugar in 1000 mL water

Concentration = 10 g / 1000mL = 0.01 g/mL, or 1% sugar solution

The pH scale
Acids - Solutions with a pH below 7, called acidic, have 
more H+ ions than OH– ions. The lower the pH, the greater 
the acidity
Ex. hydrochloric acid - HCl

HCl -> H+ + Cl- H+ + H2O -> H3O+

Bases - Solutions with a pH above 7, called basic, have 
more OH– ions than H+ ions. The higher the pH, the more 
basic the solution.
Ex. sodium hydroxide - NaOH

NaOH -> Na+ + OH-

Acids/bases increase concentration of H+ / OH- 
ions, in solutions



The pH scale
pH is a logarithmic scale - each step represents a factor of 
10, a liter solution with a pH = 4 has 10x as many H+ ions as 
a liter solution with pH = 5
Strong acids - pH = 1-3
Ex. stomach acid/ HCl, 
lemon juice
Strong bases - pH = 11-14
Ex. oven cleaner, bleach/ 
NaOH, ammonia/NH3

Buffers
pH of cellular fluid needs to be between 6.5 and 7.5 to 
maintain  homeostasis - too high/low pH will affect chemical 
rxns in cells
Organisms control pH through buffers - weak acids/bases 
that react with strong acids/bases to prevent sudden 
changes in pH


