LAN301M

Fall 2012

Phases of water
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• Solid
– Snow
– Ice
– Permafrost

• Vapor
– Clouds
– Hot springs

• Liquid
– Ocean
– Lakes
– Rivers

Phases

Ice – Victorialand, Antarctica

Water droplet

Vapor
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Water: phase diagram

Water molecule

104.5°

H Hydrogen atom

O

H2O – water
Ice Ih - on Earth

Oxygen atom

H

Water density

Ice Ih lattice
The phase of ice that
forms under
“normal” Earth
conditions.

At least 14 different
phases of ice!
Form under
different P and T
conditions

Ice Ih

Snowflake

Crystallographic faces
and axes.
Planes (faces) are
denoted with ()
Axes orientations are
denoted with []
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Capillary forces
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Surface tension

• The attraction that the molecules in
liquid have for each other results in a
surface tension.
• One of the effects of surface tension is
the tendency to reduce surface area.
• The geometrical shape that has the
smallest surface area for a given
volume is a sphere

Capillary forces (II)
• Because the attraction of, for example,
glass molecules for the water molecules
is greater than that of water molecules
for each other, the water is pulled up
along the walls of a tube.

Capillary Forces
• The rise of fluid in capillary tube is

2s cos l
hc 
w g R
l is the contact angle
s the surface tension [M T-2]
• R is the radius of the tube
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Rise - figure
hc 

2s cos l
w g R

• hc – rise height
• s – surface tension [M T-2]
• R – radius of the tube
• l – contact angle
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Rise (more)

Rise height - figure

• For water at 18°C
–
–
–
–

s = 0.073 kg s-2
 ~ 1000 kg m-3
l ~ 0°
R in mm

15
[mm]
R

Soil Moisture - figure

Capillary fringe

Soil moisture

hc 

• Capillary fringe can saturate the soil
above the water table, but the fluid
pressure will be negative w.r.t. local
atmospheric pressure, indicating that
the capillary fringe is part of the vadose
zone.

Wilting point

Wilting point - figure

• At the wilting point the moisture is too
tightly bound to the soil particles for
plant roots to withdraw it.
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Soil moisture

Water for plants

Three-phase system:
1. Solid

•

•
•

Mineral grains
Organic material

2. Liquid
•

Water with dissolved solutes

3. Gaseous
•
•

Water vapor
Other gasses

Water for plants - figure

•

Soil water is the water that is
immediately available to plants.
Can be further sub-divided into three
categories
1. hygroscopic water,
2. capillary water,
3. gravitational water.

Hygroscopic water
• Found as a microscopic film of water
surrounding soil particles.
• Tightly bound to a soil particle by molecular
forces so powerful that it cannot be removed
by natural forces.
• Hygroscopic water is bound to soil particles
by adhesive forces that exceed 31 bars and
may be as great as 10,000 bars (Recall that
sea level pressure is equal to about 1 bar!)

Near Hoh River, Olympic National park, WA, USA

Capillary water

Gravity water

• Held by cohesive forces between the films of
hygroscopic water.
• The binding pressure for capillary water is
much less than hygroscopic water.
• This water can be removed by air drying or
by plant absorption, but not by gravity.
• Plants extract this water through their roots
until the soil capillary force is equal to the
extractive force of the plant root (wilting
point)

• Water moved through the soil by the
force of gravity.
• The amount of water held in the soil
after excess water has drained is called
the field capacity of the soil.
• The amount of water in the soil is
controlled by the soil texture
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Surface tension
• Molecules in the interior
experience an attractive force
from neighboring molecules
which surround on all sides
•Molecules on the surface have
neighboring molecules only on
one side (the side facing the
interior) and thus experience an
attractive force which tends to
pull them into the interior

Water strider's locomotion

Surface tension - explanation
The overall result of this asymmetric force on
surface molecules is that:
• The surface of the liquid will rearrange until the least
number of molecules are present on the surface
– In other words the surface area will be minimized
– A sphere has the smallest surface area to volume ratio

• The surface molecules will pack somewhat closer
together than the rest of the molecules in the liquid
– The surface molecules will be somewhat more ordered and
resistant to molecular disruptions
– Thus, the surface will seem to have a "skin"

Water strider

Tiny blue particles sprinkled into
the water reveal the secret to the
water strider's locomotion.

Larva

The END

The deformation of the water surface near the center
of the larva is clearly visible
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