Seawater's Amazing Physical and
Chemical Properties



The Nature of Seawater




Physical Properties of Water*s

polar compound

hydrogen bonds

unique thermal properties

density
density stratified



Protons
Nucleus
shell 1=2 electrons
shell 2=% electrons
shell 3=% electrons 1%)
shell 4=2 electrons (22)
+

Electron Energy Shells



Periodic Table of Elements




shell 1=2 electrons

shell 2=% electrons

shell 3=% electrons (1%)

shell 4=2 electrons (32)




Types of Chemical Bonding

Bonding Between Atoms and Molecules
https://www.youtube.com/watch?v=eVdL-ipUalY

Covalent Bonding

Hydrogen Bonding



1) Two hydrogen atoms each share an
electron with the same single oxygen
atom with two covalent bonds

2) Mutual sharing of electrons completes
the electron shell of all three atoms

3) Resultant covalent bonds are very
strong within a water molecule

4) Water molecule has 105 degree bend

5) H20 charged at ends: 1+ at H’s and 2-
at O




Key Concepts



Hydrogen Bonding — Water’s “"Magic”

Hydrogen Bonding has a Strong Influence on Water’s Nature



Heat Capacity - Important Thermal Property of Water

m Heat Capacity

Temperature Experiment - Heating
and Cooling of Water and Sand



Three Physical States or Phases of Water

Liquid






H20 Ice Crystal Lattice



Heat Transfer During Water Phase Changes

Temperature - Phase Change Graphs



m Latent Heat of Fusion
W . oo TR

m Latent Heat of Vaporization

. very high



] Water absorbs the Sun’s energy without great
temperature changes

U Melting, freezing, evaporation, condensation of
surface waters stores and releases vast quanities

of solar energy

L Ocean and atmosphere moderates Earth’s big
surface temperature swings of its land masses

O Thermal moderation takes place on many
scales — from local to global
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Fig. AZ2-1. Annual mean temperature {°C) at the surface .
Minimum Value= -1.93 Maximum Value= 29.90 Gontour Interval:  1.00
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Fig. AZ2-1. Annual mean salinity (PSS) at the surface .
Minimurn Value= 357 Maximum value= 40.02 Gontour Interval:  0.20
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Ocean divided into three horizontal
density layers or zones

s Surface Zone

= Pycnocline

m Deep Zone

Surface Zone
= \Warmest, least dense

= Typically extends down to 150
meters

m Makes up only 2% of ocean

Pycnocline

= Density increases with increasing
depth

m Isolates the surface zone from the
deep zone

= Makes up about 18% of ocean

Deep Zone
= Top is at about 1000 meters down
= Coldest, densest
= Contains about 80% of ocean




Density of seawater is function of
temperature and salinity

Two samples of seawater can have
same density at different
combinations of temperature and
salinity

Seawater tends to form stable

density layers
= Coldest saltiest at the bottom
= Warmest, least saltiest at the surface

Changes in ocean temperature and

salinity are primarily controlled by
surface processes










Got Salt?



Topics of Stud




The Major Points
1

) Water’s is a powerful solvent — due to its polar nature and its hydrogen bonds.
2) Seawater is a solution: a mix of water, dissolved ions and gases.
3) Salinity = amount of dissolved ions and gases in water — in parts per 1000
4)

)

5

Salinity has 7 major, 14 minor, and numerous trace element constituents.

Dissolved salts recycle in the ocean via numerous sources and sinks at different
rates (different residence times).

6) The ocean is in chemical equilibrium (salinity input = output) — both in total salinity

and the proportion of the major constituents (constant proportionality)

7) Seawater has 3 major dissolved gases: nitrogen, oxygen, carbon dioxide.

8) Sources of dissolved gases are from atmosphere, ocean, and sea bottom
9) Dissolved oxygen is derived from photosynthesis processes

10) Seawater pH is slightly alkali (8) but is becoming increasingly acidic

11) Seawater pH is chemically buffered by a carbonate system

11) The ocean is stratified in terms of temperature, salinity and density

12)

Temperature and salinity control the ocean’s density.
LSS






Major Components

of Seawater

Based on 3.44%
salinity




Definition of Salinity

Methods Used to Measure Salinity







Methods Used to Measure Salinity

O-0






Conductivity — Temperature - Salinity
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Salinity Based on and
s RS B 0Z0Z°Z2"THhEE



CTD

%o\ °C
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levels of Salinity
of Yarious Waters




Seawater
“Chemical Equilibrium

The Ocean is in Chemical Equilibrium

1) Ocean salinity nearly constant (billions of years)
» Amount of each constituent going into ocean (from
sources) appears to equal the amount going out (to
sinks)

2) Major constituents in constant ratio with each other
» Principle of Constant Proportionality
» Examples: Chloride and Sodium

3) Acid-base (pH) balance of ocean is very stable




Sources

CO,, H,0, H,S, HCI, and SO,

Ca*™ + SO, --> CaSO,
Mg** + Basalt + H,0O -->
Mg(OH)SIO, + H*



Sinks

" magma produced
b pz | melting




Seawater — "Residence Time”

m Residence Time - defined

Amount of element/ion in the ocean
= Rate at which the element/ion is added
~ (or removed from) the ocean
m Mixing Time of Ocean
m Calculated to be 1,600 years
m Based on steady state conditions and
effective mixing processes

[] Conservative Constituents Residence time of Chloride in the Ocean
= Occur in constant proportions R @mount) = [Cllsy x Ocean Volume
= Have very long residence times Y e e s
m Examples: Chloride and Sodium [Cllrw = & maikg

m Nonconservative Constituents 2 -
= Tied to seasonal or biological cycles = O “Gona et Dieeraras
= Have short residence times - s 4ot
m Examples: Iron and Aluminum = 3x10%  x 4x10t

= | 1.2 x 108 = 120 million years




Seawater has 3 major dissolved gases: nitrogen, oxygen, and
carbon dioxide.

Dissolved Gases measured in milliliters per liter (ml/l)
Origin of Dissolved Oxygen in Seawater

> Byproduct of Photosynthesis by Phytoplankton
Amount of Dissolved Oxygen in Seawater Varies

m Biological factors: Photosynthesis (+) and Respiration (-)
m Physical factors: Water Temperature and Pressure

Dissolved Oxygen can be measured chemically

Use modified Winkler Method to quantify the amount of
dissolved oxygen in unknown seawater samples




Major Gases in Seawater and Air




Seawater Titration — Dissolved
Oxygen




Sources of Gases Entering Ocean

Volcanic Activity

Biological Processes

Sinks for Gases Leaving Ocean

Biological Processes
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Fig. AZ2-1. Annual mean temperature {°C) at the surface .
Minimum Value= -1.93 Maximum Value= 29.90 Gontour Interval:  1.00
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Fig. AZ2-1. Annual mean salinity (PSS) at the surface .
Minimurn Value= 357 Maximum value= 40.02 Gontour Interval:  0.20
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Ocean divided into three horizontal
density layers or zones

s Surface Zone

= Pycnocline

m Deep Zone

Surface Zone
= \Warmest, least dense

= Typically extends down to 150
meters

m Makes up only 2% of ocean

Pycnocline

= Density increases with increasing
depth

m Isolates the surface zone from the
deep zone

= Makes up about 18% of ocean

Deep Zone
= Top is at about 1000 meters down
= Coldest, densest
= Contains about 80% of ocean




Density of seawater is function of
temperature and salinity

Two samples of seawater can have
same density at different
combinations of temperature and
salinity

Seawater tends to form stable

density layers
= Coldest saltiest at the bottom
= Warmest, least saltiest at the surface

Changes in ocean temperature and

salinity are primarily controlled by
surface processes
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temperature, salinity, density for major oceans below -200m

m Pacific Ocean Water
= Lowest Avg Salinity
= Intermediate temp variation
= Least dense
m Atlantic Ocean Water
= Highest Avg Salinity

|

Pt

[

\
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m Greatest temp variation
= Most dense

m [Indian Ocean Water

= Intermediate Avg Salinity / &}Itar A /
= Least temp variation : b ot{o m svater
33.4 34.0 344 35.0 3585 36.0 sal ppt

= Intermediate density [ Adter Districh 1053
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Deep Circulation in the Atlantic Ocean

Density Circulation Model

Deep Ocean Water Masses



Seawater Chemistry Summary



