
SLIDE 1 Main Idea:  

Because of this high concentration, most physical / chemical 
characteristics of sea water are very similar to those of pure water.  

Nevertheless, water has some very unusual properties

Almost all of these unusual properties caused by way in which water                            
molecules interact with one another

what is this interaction called?       how does this interaction work?



SLIDE 2
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SLIDE 3
in what period is oxygen?

how many total electrons does an oxygen atom have?

what does electron configuration look like?

what are valence electrons?

how many valence electrons does oxygen have?

how many valence electrons does oxygen need to have complete,                   
stable valence shell?

what is electron configuration of hydrogen?

how many valence electrons does hydrogen atom have?

how many valence electrons does hydrogen need to have a complete,      
stable valence shell?

almost all unusual properties caused by way in which water                            
molecules interact with one another

what is this interaction called?       how does this interaction work?



water molecule forms when one oxygen atom and two hydrogen atoms 
get close enough for their orbitals to overlap so that valence electrons 
can be shared

what type of chemical bond is formed by electron sharing?

SLIDE 4 WATER MOLECULE FORMATION 
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SLIDE 5

when a water molecule forms, the oxygen orbitals undergo a 
process called orbital hybridization

oxygen atomic orbitals (one s and three p) form four equivalent 
hybrid orbitals (sp3) during bond formation
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SLIDE 6 WATER MOLECULE TETRAHEDRAL STRUCTURE 

(104.5°) 

the hybrid orbitals are called sp3 orbitals and point outward toward the corners 
of a regular tetrahedron

in this arrangement, electron pairs are as far as possible away from each other

this produces a molecule with lowest possible electrical potential energy 
(natural systems strive to minimize potential energy)

hydrogen does not undergo any hybridization

all four sp3 hybrid orbitals contain 2 electrons, 
for a total of 8 valence electrons for oxygen

two orbitals containing shared electron pairs 
that form covalent bonds between oxygen 
and hydrogen, two orbitals contain lone 
electron pairs not involved in covalent bonding

actual H-O-H bond angle in water is 
104.5° rather than 109.5° for perfect 
tetrahedron because lone electron pairs 
are more diffuse than bonding pairs and 
repel bonding electron pairs to some extent



SLIDE 7

bonding electrons in a covalent bond are not shared 
equally between oxygen and hydrogen

oxygen has a greater affinity for electrons in 
covalent bonds than does hydrogen

bonding electrons spend more of their time closer            
to oxygen than hydrogen

the oxygen end of the bond becomes electron rich, 
while the hydrogen end ends up electron poor

this creates a partial positive charge 
on the hydrogen end of the covalent 
bond and an equivalent partial 
negative charge on the oxygen end

In Summary: 
while the molecule as a whole is 
electrically neutral, the charge is 
not equally distributed throughout…  

thus, water is a polar molecule

https://www.youtube.com/watch?v=ASLUY2U1M-8


SLIDE 8



SLIDE 9



SLIDE 10 ELECTRIC DIPOLE

two equal but opposite charges separated by a fixed distance is called an 
ELECTRIC DIPOLE

strength and direction of electric dipole is given by electric dipole moment 

vector ()

electric dipole moment is product of charge and distance between charges

vector points from negative to positive charge
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ELECTRIC DIPOLE MOMENT FOR POLAR COVALENT BOND

because unequal sharing of electrons produces electric dipole, the bond 
is called a POLAR COVALENT BOND

dipole vector is drawn in opposite direction to that drawn in physics

SLIDE 11



SLIDE 12 Water has the 
stronger net dipole 
moment than any 
other molecule



SLIDE 13

-Q -Q+Q +Q

F2(+)

RD

what does Coulomb’s Law describe?

describes electrostatic force between two charged objects

𝐹 = 𝑘
𝑄2

𝑅2

oppositely charged objects attract each other

like charged objects repel each other

can objects that are electrically neutral attract each other via the 
electrostatic force?

yes, if they are electric dipoles

F1(+)

F3(-) F4(-)

R



SLIDE 14

dipole/dipole forces are 
strong intermolecular 
forces that allow polar 
molecules to exist as 
liquids

since water molecules 
are the most polar, they 
attract each other quite 
strongly

because water 
molecules are small, 
they can get close 
enough together for a 
very small amount of 
overlap of oxygen 
orbitals containing lone 
electron pairs with 
hydrogen orbital of 
adjacent water 
molecules

remember that 
hydrogen atoms have 
electron deficiency 
because of highly 
electronegative oxygen
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SLIDE 15

slight orbital overlap 
allows for just a small 
amount of sharing of 
electrons from oxygen of 
one water molecule with 
hydrogen of an adjacent 
water molecule

result is a very strong 
intermolecular force that 
is primarily a dipole-dipole 
type interaction with just 
a touch of covalent 
character

unique intermolecular 
force between water 
molecules is called a 
hydrogen bond

hydrogen bond between 
oxygen and hydrogen in 
adjacent water molecules 
is only about 5% as 
strong as covalent bond 
between oxygen and 
hydrogen in same 
molecule
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SLIDE 16 how many hydrogen bonds can one water molecule form?

each water molecule can be 
hydrogen bonded to a maximum of 
four other water molecules in a 
tetrahedral structure

although hydrogen bonds are weak 
compared to covalent bonds, they 
are very strong for intermolecular 
forces, and have a profound effect 
on properties of water in solid and 
liquid phases

if water molecules did not 
hydrogen bond with each other, 
there would be no liquid water on 
surface of earth (i.e., no oceans)



melting points and boiling points 
of Group 7A hydrides as a 
function of molecular weight

of these compounds, only water 
exhibits any hydrogen bonding.

SLIDE 17

how can we estimate what the 
properties of water would be like 
without hydrogen bonding?



SLIDE 18 THE STRUCTURE OF WATER IN SOLID PHASE

ice is crystalline 
structure held 
together by complete 
hydrogen bonding

every water molecule 
is hydrogen bonded 
to four other water 
molecules to form 
three-dimensional 
crystal lattice where 
every molecule has a 
fixed position

linked hexagonal 
rings form sheets 
that are linked to 
other sheets with 
hexagonal rings



SLIDE 19 THE STRUCTURE OF WATER IN SOLID PHASE

long red lines indicate 
hydrogen bonds 
between water 
molecules.  

short blue lines 
indicate covalent 
bonds within 
molecules.

lots of open space in 
structure explains low 
ice density

very unusual for solid 
phase to be less 
dense than liquid 
phase of same 
substance

at temperatures less 
than 0°C (in 1 atm), 
water molecules in ice 
do not have enough 
thermal energy to 
break hydrogen bonds



SLIDE 20

large openings in the 
ice structure allow 
other molecules to 
become trapped 

this process creates 
a clathrate, defined 
as a chemical 
substance consisting of 
a lattice that traps or 
contains molecules

methane hydrate ice 
forms at pressure / 
temperature conditions 
found on many outer 
continental shelves

more hydrocarbons 
are available in 
methane hydrates 
than all other 
hydrocarbons 
combined



SLIDE 21
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SLIDE 22 FLICKERING CLUSTER MODEL OF LIQUID WATER STRUCTURE

monomers

most normal liquids are 
composed of individual 
molecules that interact with 
one another via weak 
dispersion forces (London 
forces) for non-polar molecules 
and stronger dipole/dipole 
forces for polar molecules

both of these forces are weaker 
than hydrogen bonds

liquid water is a very unusual 
liquid;  it still has extensive 
hydrogen bonding
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SLIDE 23 FLICKERING CLUSTER MODEL OF LIQUID WATER STRUCTURE

monomers

liquid water is composed of 
clusters of partially hydrogen 
bonded water molecules and 
individual water molecules 
called monomers that are not 
hydrogen bonded to any other 
molecules

monomers interact only via 
dipole/dipole forces

this is not a static situation,   
as water molecules constantly 
join and leave clusters about 
1012 times per second at room 
temperature (20 °C)
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THE INFLUENCE OF TEMPERATURE
ON HYDROGEN BONDING IN LIQUID WATER

SLIDE 24

as T, cluster size  or ?

as T, extent of hydrogen bonding in clusters  or ?

what does this do to chemical potential energy?

as T, number of monomers  or ?

as T, KErand of monomers  or ?

what does this do to thermal energy?



SLIDE 25 WATER IN THE GAS PHASE

in the gas phase, water molecules exist as individual monomers that 
do not interact

atmosphere contains a lot of water vapor (0 – 4 %)

there are no places on earth’s surface, except a few geothermal 
areas, that are hot enough to boil water

average ocean surface temperatures ~18°C

if so, how does water vapor get into atmosphere?



SLIDE 26 EVAPORATION

even though average energy 
not enough to allow water 
molecules to leave surface of 
the liquid, some molecules 
do have enough energy

evaporation is a surface 
phenomenon, unlike boiling 
which occurs throughout the 
liquid

does rate of evaporation increase or decrease as temperature increases?

increase

why?

the higher the temperature, the greater the average random kinetic energy, the 
higher the proportion of molecules that have enough random kinetic energy to break 
surface hydrogen bonds, the greater the rate of evaporation

why does evaporation cool the remaining liquid water?

average thermal energy of the remaining molecules is lowered



SLIDE 27
ENERGY UNITS

what is SI unit of energy?

joule (J), from studies of mechanical energy

any other common energy units?

calorie (cal), from study of thermochemistry

1 cal = 4.186 J

what is definition of a calorie?

amount of energy needed to raise temperature of 1 gram of 
liquid water at 1 atmosphere,  by 1C°

how many calories in a candy bar?

200 Kcal (raise 55 gallons of water by 1°C)

how many calories does a person need per day for metabolism?

2000 Kcal



SLIDE 28
PHASE CHANGE ENERGETICS FOR WATER

one gram of water with initial temperature of -40°C

add energy to ice below 0°C and temperature increases, which indicates an increase in 
thermal energy (random kinetic energy) 

20 calories required to raise temperature of 1 gram ice from -40°C to 0°C

what type of TE?

vibrational only 
because solid 
phase molecules 
can not rotate or 
translate



SLIDE 29

what is the definition              
of specific heat?

𝐶 =
Δ𝐸

𝑚ΔT

what is specific 
heat of ice?

𝐶𝑖𝑐𝑒 =
20 cal

(1 𝑔)(40°C)
= 0.5

cal

𝑔 °𝐶

what dies this mean?

the greater the specific 
heat of a substance, the 
less the temperature will 
increase for a given input 
of energy

PHASE CHANGE ENERGETICS FOR WATER



SLIDE 30
PHASE CHANGE ENERGETICS FOR WATER

something unusual happens 
at 0°C;  temperature no 
longer increases as more 
energy is added

if energy added via heat, 
internal energy must increase

what form of internal energy 
increases as ice melts to 
water at 0°C?

if temperature does not 
increase KErand does not 
increase

energy being added is going 
into breaking hydrogen 
bonds, which increases PEchem



SLIDE 31
PHASE CHANGE ENERGETICS FOR WATER

what is latent heat?

latent heat is energy 
necessary to cause phase 
change divided by mass

𝐿𝑚𝑒𝑙𝑡 =
Δ𝑃𝐸𝑐ℎ𝑒𝑚

𝑚

what is the latent heat                   
of melting for ice?

𝐿𝑚𝑒𝑙𝑡 =
80 cal

1 𝑔
= 80𝑐𝑎𝑙/𝑔

eventually all ice melts, and 
we end up with one gram of 
liquid water



SLIDE 32
PHASE CHANGE ENERGETICS FOR WATER

as more energy added, 
temperature again begins to 
increase

𝐶𝑤𝑎𝑡𝑒𝑟 =
100 cal

1 𝑔 100°C
= 1

cal

𝑔 °𝐶

value is exactly one 
because pure water is used 
to define calorie

fact that specific heat of 
liquid water is higher than 
that of ice indicates that 
liquid water experiences a 
smaller temperature change 
than does ice for a given 
input of energy



SLIDE 33
PHASE CHANGE ENERGETICS FOR WATER

in fact, water has the highest 
specific heat of any 
substance, except for liquid 
NH3

why is specific heat of water 
higher than that for ice?

remember that liquid water 
is still extensively hydrogen 
bonded

energy going into liquid 
water is partially used to 
break hydrogen bonds, 
increasing PEchem

less energy is available for 
increasing TE, so 
temperature increases less 
for a given input of energy



SLIDE 34
PHASE CHANGE ENERGETICS FOR WATER

something unusual again 
happens at 100°C;  as 
energy is added, the 
temperature no longer 
increases, but rather the 
liquid water begins to boil

all energy is used to break 
hydrogen bonds and thus 
increase PEchem rather than 
TE

𝐿𝑣𝑎𝑝𝑜𝑟 =
540 cal

1 𝑔
= 540 𝑐𝑎𝑙/𝑔

at temperatures below the 
boiling temperature, the 
latent heat of evaporation is 
slightly higher

𝐿𝑒𝑣𝑎𝑝 = 580 𝑐𝑎𝑙/𝑔



SLIDE 35
PHASE CHANGE ENERGETICS FOR WATER

high latent heat of 
evaporation of water is very 
important in maintaining 
steady state surface water 
temperatures

as more energy is added after 
completely vaporizing the 
water, its temperature begins 
to increase once again

𝐶𝑣𝑎𝑝𝑜𝑟 = 0.5
cal

𝑔 °𝐶



SLIDE 36

density is extremely important concept in oceanography

for example, as we are going to see next semester, very small 
differences in seawater density control most of the circulation 
patterns of the deep ocean 

what is definition of density?

𝐷𝐸𝑁𝑆𝐼𝑇𝑌 =
𝑀𝐴𝑆𝑆

𝑉𝑂𝐿𝑈𝑀𝐸

what is density of water?

depends on units used to express mass and volume

cgs units: ~1 gram/cm3

SI units: ~1000 kg/m3

DENSITY OF WATER
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SLIDE 37

DENSITY BEHAVIOR AS FUNCTION OF 
TEMPERATURE FOR NORMAL LIQUID

density decreases as temperature increases 
because thermal energy increases



maximum density is
0.99997 g/cm3 at 3.98°C

SLIDE 38
DENSITY BEHAVIOR AS FUNCTION 
OF TEMPERATURE FOR WATER

water does not behave 
as a normal liquid with 
respect to density

its density actually 
increases as a function of 
temperature between 0 
and 3.98°C

after 3.98°C it decreases, 
like a normal liquid
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SLIDE 39
FLICKERING CLUSTER MODEL OF LIQUID WATER STRUCTURE

monomers

water does not behave as 
normal liquid with respect to  
density

water does contain individual 
water molecules (monomers) 
that behave normally

water also contains clusters of 
hydrogen bonded molecules 
that behave differently as 
temperature increases

what happens to clusters when 
temperature increases?

clusters break up
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SLIDE 40

what effect does this have on 
density?

density would increase 
because monomers can pack 
more closely together than 
molecules in clusters

what happens to monomers 
when temperature increases?

thermal energy increases

there are two opposite, 
competing things going on

temperature of maximum 
density at 3.98°C

FLICKERING CLUSTER MODEL OF LIQUID WATER STRUCTURE
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S=24.695
T=-1.33°C

SLIDE 41 TEMPERATURE OF MAXIMUM 
DENSITY FOR SEAWATER
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