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Water, water everywhere, and not a 
drop to drink! 

Why? 

• Water is unique because it exists naturally 
in three states as a ________, ______, and 
_______ here on earth 

Freshwater 

Figure 14.1 

• Only ______ % of the planet’s water is freshwater, and only 
_____ % of that exists on Earth’s surface.  
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Water is the Mickey Mouse molecule: 

H H 

O 

_________ has one proton(+) and one electron (-) 

______  has 8 protons and 8 electrons (remember valence 
electrons?) 

- - 

- 
- - 

- 

+ + 

- - 

Sharing is caring! 
_____ hydrogen atoms and ____ oxygen atom share electrons: 

 ______ ______ 

Water is a ______ molecule (dipole) because it has 
______ and _______ sides (poles). 
 
The positive side is provided by the hydrogen atoms, so water molecules are held together 
by _________ _________. 

What are the effects of hydrogen 
bonding? 

_________ : water sticks together 

__________: water sticks to other surfaces 

Why is cohesion important to aquatic organisms? 

Surface Tension: 
________ makes 
water resistant to 
objects attempting to 
penetrate its surface 
(caused by _____ 
_____ holding the 
water molecules 
together and creating 
a skin-like surface) 

Halobates sp., a marine insect that walks on 
water, also known as the “water strider” 



10/31/2016 

3 

http://www-math.mit.edu/~dhu/Climberweb/climberweb.html 

Another effect of hydrogen bonding… 
 
Viscosity: the tendency for a fluid to _____ _____;  
______ bonds tend to make water more viscous, 
especially as it cools 

Water can be a “sticky” place for tiny 
creatures 

Physics of Water 
What is the difference between heat and temperature? 
 
Heat is energy produced by the random _______________ . 
 
Temperature is an object’s response to __________ or 
________ of _______. 
 
Heat Capacity is a ________ of the heat required to raise the 
temperature of ______________________. 
 

Water has a very ____________, which means it resists changing temperature when 
heat is added or removed. 
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Thermal inertia and thermal equilibrium 

• ______ _______ is the tendency for water to 
resist temperature change. 

• _______ ______ means water cools at about 
the same rate as it heats. 

• These two properties prevent large ______ 
________ on Earth (because it is the ocean 
planet). 

A day at the beach: 
hot feet - cool feet! 

Measuring temperature 

– The two most common 
temperature systems are 
Fahrenheit and Celsius. 
Celsius is most used in 
science because it is based 
on water’s physical 
properties. 
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Water’s Temperature Affects Its Density 

Note that points C and D both represent 0°C (32°F) but different 
densities and thus different states of water. Ice floats because the 
density of ice is lower than the density of liquid water. 

Water is ____ dense 
at ca. ____, and 
becomes ____ 
dense as 
temperature 
increases above 4ºC 
or decreases below 
4ºC 

Water Becomes ____ _____ When It Freezes 

Ice is less dense than liquid 
water because molecules of 
______________________. 
 
The space taken by 24 water 
molecules in the solid lattice 
could be occupied by 27 
water molecules in liquid 
state, so water expands 
about 9% as the crystal 
forms.  
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Why does ice float on water? 

Latent heat of 
vaporization: the amount 
of energy required to break 
the bonds in the liquid 
state. 

 

For water to evaporate, 
heat must be added to the 
liquid state. After water 
reaches 100C, an input of 
540 cal/gram is required to 
break the hydrogen bonds 
and allow evaporation. 

 

Temperature versus heat 

Hydrogen bonding permits water to change 
 phase when energy is added or taken away. 



10/31/2016 

7 

Water Removes Heat from Surfaces As 
It Evaporates 

The energy input or output associated with water in the three states of 
matter.  We must add 80 calories of heat energy to change a gram of ice to 
liquid water. After the ice is melted, about 1 calorie of heat is needed to raise 
each gram of water by 1°C. But 540 calories must be added to each gram of 
water to vaporize it – to boil it away. The process is reversed for condensation 
and freezing. 

What other property of seawater 
affects density? 

What is Salinity? 

_______ dissolved salts (ions) 

About 3.5% of most ocean water consists of dissolved salts; salinity is measured as ___ _____ 
_____, abbreviated ‰ (e.g.,35‰). 
 
Residence time is the average length of time an element spends in the ocean and can be 
calculated as: 
  Residence Time  =      ___Amount of element in the ocean____ 
            The rate at which the element is added 
     to (or removed from) the ocean 
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Water is called the ______ ________ 
 
Why? 

Polar characteristics of water “____ ____” other 
molecules such as NaCl into charged ions 

Na+ 

Cl- 

Note that sodium chloride is a solute.  
Water is a Solvent. 

Effects of dissolved salt in water? 

______ _____ required to _____ temperature 
 ex.  Less water in solution means less  
 heat required to break H-bonds 

Increased ________ temperature 
 Ex. Salt in water for pasta, the water 
 boils for a longer time. 
Decreased _______ temperature 
 ex.  Salt on an icy road or Antifreeze in car 

_____ _______ ex. Ions with charges 

More salt=greater ______ (D= M/V) 
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_____ ________. 
Temperature and 
salinity affect water 
density causing 
___________. 
 
Three common layers. 
1. ___________ 
2. ___________ 
3. ___________ 

_________ forces water of different densities to form layers 

The Ocean Is Stratified into Three Density Zones by 
Temperature and Salinity 

• The ocean is divided into three density zones 

• Surface zone – the ____ _____ of the ocean, containing 
the _____ _____water. The surface zone is only about 
2% of total ocean volume. 

• Pycnocline – a zone in which _____ _______ with 
_____, containing about 18% of all ocean water 

• Deep zone – contains about 80% of all ocean water. 
There is _________________ throughout this layer. 

Stratification (layering) 

A pycnocline is a change in density that 
causes a boundary layer of water. 
 
A pycnocline caused by ________ change 
is a _________. 
 
A pycnocline caused by a ______ change is 
a __________. 
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http://www.coexploration.org/bermuda/html/thermocline_graph.html 

Thermocline - a transition between a colder, deep water 
layer and a warmer upper layer of water. 

How does seawater get this way?? 

• Coastal waves, rain, and 
other sources of 
weathering erode rocks 
and move sediments 
into the ocean.  

 

• Other sources of 
minerals include 
hydrothermal vents and 
even aquaculture! 

 

Tridacnid clam: James Fatherree 

Cycling of dissolved components in 
seawater: 

Salinity comes from the weathering of rocks and volcanic eruptions. 

Did oceans’ salinity increase over time? 
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35 g of salt in 1000 g of seawater 

Major dissolved components in seawater: 

Salinity is important part of ocean chemistry 

1. Salinity is a _______ of the amount of 
_____ ______ in water 

1. Salinometer 

2. Salinity is not _________ (uniform) across 
the Earth’s oceans 

3. Both salinity and temperature affect the 
________ of seawater 

32 

Factors that influence salinity 

• What factors do you think might influence salinity? 

• Three primary factors influence salinity: 
1.  ______________- High rates of freshwater input (river 
inflow to the sea; melting ice) will decrease salinity 
2.  ______________ - High rates of evaporation will increase 
salinity 
3.  ____________ - High levels of rainfall will decrease salinity 

 

33 
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Salinity map showing areas of high salinity (36 o/oo) in green, 

medium salinity in blue (35 o/oo), and low salinity (34 o/oo) in 

purple. Salinity is rather stable but areas in the North Atlantic, 

South Atlantic, South Pacific, Indian Ocean, Arabian Sea, Red Sea, 

and Mediterranean Sea tend to be a little high (green). Areas near 

Antarctica, the Arctic Ocean, Southeast Asia, and the West Coast 

of North and Central America tend to be a little low (purple). 

 

http://www.biosbcc.net/ocean/marinesci/02ocean/swcomposition.htm 

 

 

A closer look 

Relatively  

HIGH 

salinity 

Relatively  

LOW 

salinity 

36 

http://www.biosbcc.net/ocean/marinesci/02ocean/swcomposition.htm
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Why is surface Atlantic more salty than Pacific? 

http://eesc.columbia.edu/courses/ees/climate/lectures/saltyatlantic.html 

Density and Buoyancy 

The greater the density of a fluid, the greater the _____ 
______ it exerts on an object immersed in the fluid. 

Lane 
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Buoyancy 

• An object immersed in 
a gas or liquid (any 
fluid) is buoyed up by 
a force ______to the 
______ of the gas or 
liquid displaced.  This 
is known as _______ 
_________. 

Buoyancy 

Buoyancy makes size 
possible. 
Larger animals can live in 
the sea than on land 
because the buoyancy of 
water reduces the effect of 
their weight (counteracting 
gravitational pull). 

Buoyancy of Small Organisms? 

• Small organisms (e.g., plankton) 
_____________________________, especially 
through a pycnocline. 

• Why might this be an important concept? 

Lane 
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Light and Sound in the Ocean 

Refraction Can Bend the Paths of Light and 
Sound through Water 

• Sound and light both travel in ________: 

– Refraction is the _______ of waves, which occurs 
when waves travel from __________________. 

• Scattering and absorption _______ light: 

– Scattering - light is ________ between air and water 
molecules, dust and other objects. 

– Absorption – light energy is _______________ in the 
molecules of seawater. 

Water absorbs low energy reds 
faster than high energy blues. 
 
 

Green blood on the reef? 
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Ocean Zones by Light Penetration 

Euphotic zone: “_______” – near-surface 
zone where photosynthesis occurs 

Dysphotic zone: “___________” 

Aphotic zone: ______________, 
total darkness 

Sound 

Male humpback whales “sing” 
during mating season 
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Does sound travel faster underwater 
than through air? 

• About ________________. 

The principle of active sonar.  
 
Pulses of high-frequency 
sound are radiated from the 
sonar array of the sending 
vessel. 
 
Some of the energy of this 
ping reflects from the 
submerged submarine and 
returns to the sending vessel. 
 
The echo is analyzed to plot 
the position of the 
submarine. 

Sonar Systems Use Sound to Detect 
Underwater Objects 

Sonar Systems Use Sound to Detect 
Underwater Objects 

Side-scan sonar in 
action. Sound pulses 
leave the 
submerged towed 
array. 


