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IB Diploma Biology SL · Topic A1 Molecules (Unity and diversity)

Water

Revision notes · IB Biology A1.1 Water: polarity, hydrogen bonds, cohesion, adhesion, solvent properties,

and water vs air as a habitat.

For IB Diploma Biology SL undefined. HL only  is additional higher level content, for HL students only.

Water Spec A1.1

Water as the medium for life and hydrogen bonding Spec A1.1.1, A1.1.2

Water as the medium for life

The first cells originated in water , and water remains the medium in which most processes of life occur.

Cytoplasm is mostly water, metabolic reactions take place in aqueous solution, and substances are

carried around organisms dissolved in water (blood plasma, xylem sap, phloem sap).

Polar covalent bonds

A water molecule (H₂O) has two covalent bonds between oxygen and hydrogen. The electrons in each

bond are shared unequally: the oxygen nucleus attracts them more strongly than the hydrogen nuclei.

So the oxygen end carries a partial negative charge (δ−)  and each hydrogen carries a partial positive

charge (δ+). Because the molecule is bent rather than straight, the charges do not cancel, and the whole

molecule is polar .

Hydrogen bonds between water molecules

A hydrogen bond  is the attraction between the δ+ hydrogen of one water molecule and the δ− oxygen

of a neighbouring water molecule. It is an intermolecular force, much weaker than a covalent bond, but

there are vast numbers of them in liquid water. They constantly break and re-form, and together they

explain cohesion, adhesion, the solvent properties and the high specific heat capacity of water.
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Hydrogen bonds form between water molecules: the δ+ hydrogen  of one is attracted to the δ− oxygen  of the next. IB

notation shows δ+ and δ− and dashed hydrogen bonds.

Exam tip: When asked to draw hydrogen bonding, draw at least two water molecules, show δ+ on
hydrogens and δ− on oxygen, and use a dashed line from H to O. In water, hydrogen bonds form
between molecules, not within one.

Common mistake: Polarity is caused by unequal sharing of electrons in the covalent bond, not by water
having ions. Water molecules are uncharged overall.

Cohesion and adhesion Spec A1.1.3, A1.1.4

Cohesion The attraction of water molecules to each other, due to hydrogen

bonding.

Adhesion The attraction of water molecules to materials that are polar or

charged, by hydrogen bonds or attraction to charges.

Surface tension The effect at a water surface where cohesion between the surface

molecules makes the surface resist being broken.

Capillary action Movement of water through narrow spaces, against gravity, caused

by adhesion to the walls together with cohesion.

Consequences of cohesion for organisms

Transport under tension in xylem. Water evaporates from leaf cells in transpiration, which pulls on

the water in the xylem. Because of cohesion , the column of water in each vessel is pulled up as a

continuous unit. The water is under tension (negative pressure), yet the column does not break.

Water surfaces as habitats. Cohesion between molecules at the surface gives surface tension .

Small, light animals such as pond skaters (water striders) can stand on the surface film without

sinking, and some insect larvae hang from it to breathe.
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Consequences of adhesion for organisms

Capillary action in soil. Water adheres to the charged and polar surfaces of soil particles. It is drawn

into the narrow pores between particles and can rise upwards from wetter layers, keeping water

available to roots.

Capillary action in plant cell walls. Cellulose is hydrophilic, so water adheres  to the cellulose fibres

and is drawn through the narrow spaces in cell walls. In leaves this replaces water that evaporates

from the walls of mesophyll cells, keeping them moist for gas exchange.

Adhesion to the walls of xylem vessels also helps hold the water column in place.
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Cohesion holds the water column together as it is pulled up the xylem; adhesion attracts water to the vessel wall. Cohesion

at the surface gives the surface tension a pond skater stands on.

Exam tip: Keep the two words apart: cohesion is water to water, adhesion is water to another
substance. In xylem answers, credit usually needs both cohesion and tension.

Solvent properties of water Spec A1.1.5

Substances that are attracted to water are hydrophilic . They include ions (charged) and polar molecules

such as glucose and amino acids. Water molecules cluster round each ion or polar molecule, with their

δ− oxygens facing positive charges and their δ+ hydrogens facing negative charges. This separates the

particles from each other, so they dissolve.

Water as a medium for metabolism

A wide variety of hydrophilic molecules dissolve in the water of the cytoplasm, so they can move freely

and collide. Most enzymes catalyse reactions in aqueous solution , and water itself is a reactant in

hydrolysis and a product of condensation reactions.
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Water as a medium for transport

Transport in solution

Transport medium Examples of dissolved substances carried

Blood plasma (animals) Glucose, amino acids, mineral ions, urea, hormones such as insulin

Xylem sap (plants) Mineral ions such as nitrate and potassium, from roots to leaves

Phloem sap (plants) Sucrose and amino acids, from sources to sinks

When being hydrophobic matters

Hydrophobic  substances, such as fats, oils and the hydrocarbon tails of phospholipids, are non-polar

and do not dissolve in water. The functions of some molecules depend on this. Phospholipid tails form

the hydrophobic core of membranes, which is a barrier to ions and polar molecules. Triglycerides can be

stored as fat droplets without dissolving. Hydrophobic substances that must be carried in blood, such as

cholesterol and fats, travel in lipoprotein complexes, and oxygen, which dissolves only poorly in water, is

mostly carried bound to haemoglobin.

Exam tip: Linking question: how do the various intermolecular forces of attraction affect biological
systems? Hydrogen bonds in water and hydrophobic interactions in membranes are both examples you
can use.

Physical properties of water and aquatic animals Spec A1.1.6

Physical properties of water and air at about 20 °C (approximate values)

Property Water Air Consequence for animals in water

Buoyancy

(density)

about 1000

kg m⁻³
about 1.2 kg

m⁻³
Water gives a large upward force, so bodies are supported and

less energy is used to stay up; animals in air must support their

own weight

Viscosity about 1.0

mPa s

about 0.018

mPa s

Water is about 55 times more viscous, so there is more drag

when moving through it and streamlined body shapes are an

advantage

Thermal

conductivity

about 0.6

W m⁻¹ K⁻¹
about 0.026

W m⁻¹ K⁻¹
Water conducts heat about 23 times faster than air, so a warm

body loses heat much faster in water and endotherms need

insulation

Specific heat

capacity

4.18 J g⁻¹
°C⁻¹

about 1.0 J

g⁻¹ °C⁻¹
Water temperature changes slowly, giving a thermally stable

habitat

The high specific heat capacity  of water is due to hydrogen bonding: energy is needed to break

hydrogen bonds before molecules can move faster, so a lot of energy is needed to raise the temperature

of water. Lakes and seas therefore change temperature much more slowly than the air above them.

Black-throated loon (Gavia arctica)

A diving bird that lives on water but must also fly through air and nest on land.

Streamlined body and legs set far back on the body reduce drag and give strong propulsion

underwater, against the viscosity  of water; the same leg position makes it clumsy on land.

Its bones are less air-filled than those of most birds, so it is less buoyant and can dive more easily; it

needs fast wingbeats to stay up in air, which gives little buoyancy.

Dense, waterproof feathers trap a layer of air, which insulates the body because air has a low thermal

conductivity. Before a dive it can squeeze air out of its feathers and air sacs to reduce buoyancy.
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Ringed seal (Pusa hispida)

A marine mammal of Arctic seas that swims under sea ice but breathes air and rests on the ice.

A thick layer of blubber  insulates it against heat loss to cold water, which has a high thermal

conductivity; blubber also adds buoyancy.

Streamlined shape and flippers reduce drag in viscous water.

In water its weight is supported by buoyancy; on ice it must support its own weight and moves slowly

and awkwardly.
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Adaptations of the black-throated loon and ringed seal linked to the physical properties of water, which are all higher in water

than in air.

Exam tip: In an exam either the common name or the scientific name of an organism is acceptable. Link
each adaptation to a named property of water, for example blubber to thermal conductivity.

Quick check

1. Why is a water molecule polar?

2. What is the difference between cohesion and adhesion?

3. Name two physical properties of water that differ from air and matter to aquatic animals.

4. Why do membranes depend on phospholipid tails being hydrophobic?
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Quick check answers

Water

1. Electrons in the O–H covalent bonds are shared unequally, so oxygen is δ− and the hydrogens are δ+,

and the bent shape means the charges do not cancel.

2. Cohesion is attraction between water molecules; adhesion is attraction of water to polar or charged

materials.

3. Any two of: buoyancy, viscosity, thermal conductivity, specific heat capacity.

4. The hydrophobic tails do not dissolve in water, so they form a barrier to ions and polar molecules.
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