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Boiling is a phase transition.  Water and steam are different phases of the same substance.  At
atmospheric pressure water exists at temperatures between 0 oC and 100 oC.  If we want to
raise the temperature of 1 kg of water by 1 degree Celsius, say from 50 oC to 51 oC, we need 1
kcal of heat.  But if we want to boil 1 kg of water at 100 oC and turn it into steam we need 540
kcal of heat.  This is called the latent heat of vaporization (LV)  It is used to break the bonds
that hold the water molecules together in the liquid.  The boiling temperature of water depends on
the pressure.  The lower the pressure, the lower is the boiling temperature.  At lower pressure the
molecules need less kinetic energy to escape from the liquid.

Boiling water does not raise the temperature beyond 100 oC until all the water has vaporized.  The
steam we see is not the water vapor, which is invisible, but a collection of small water droplets,
which form when gaseous water vapor cools.

At temperatures below 100 oC, water, left open to the air, evaporates slowly from its surface.  Its
vapor pressure is much lower than atmospheric pressure.  Microscopic bubbles also form in the
interior interior, but these tiny bubbles of water vapor, with a low pressure equal to the vapor
pressure, are immediately suppressed by the much higher pressure of the atmosphere pressing
down on the liquid's surface.  When the water is heated and its temperature reaches 100 oC, its
vapor pressure reaches the pressure of the surrounding air.  Now bubbles that form by evaporation
in the interior of the liquid are no longer suppressed.  They grow to large sizes, rise to the surface,
and release their vapor to the air.  That sometimes explosive evaporation that starts in the interior
of the liquid is boiling.  The bubbles are water vapor, possibly mixed with a small amount air that
used to be dissolved the water.  Previously dissolved air also produces the tiny bubbles that appear
at the start of the heating process.

Water (H2O)

Specific heat of ice 0.49 kcal/(kgoC)
Latent heat of fusion 80 kcal/kg
Specific heat of water 1 kcal/(kgoC)
Latent heat of vaporization 540 kcal/kg
Specific heat of steam 0.48 kcal/(kgoC)

Problem:

How much thermal energy is required to change a 40 g ice cube from a solid at -10 oC to steam at
110 oC?

Solution:
 To raise the temperature of the ice to 0 oC we need 

ΔQ = 0.04 kg (0.49 kcal/(kgoC))10 oC = 0.196 kcal.
 To melt the ice we need

 ΔQ = 0.04 kg*80 kcal/kg = 3.2 kcal.
 To raise the temperature of the water to 100 oC we need

 ΔQ = 0.04 kg (1 kcal/(kgoC))100 oC=  4 kcal.
 To boil the water we need

 ΔQ = 0.04 kg*540 kcal/kg = 21.6 kcal.
 To raise the temperature of the steam to 110oC we need

 ΔQ = 0.04kg*(0.48 kcal/(kgoC))10 oC = 0.192 kcal.
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The total thermal energy required is 
(0.196+3.2+4+21.6+0.192)kcal = 29.188 kcal.

Link: Boil water with Shockwave

Question:

Why is the temperature of coastal cities fairly steady, but in the desert it can vary considerably
between night and day?

Answer:
 Water is the key factor here.  Water has a high specific heat so it is able to retain, absorb and

release a lot of energy.  Near the coast, water absorbs heat during the day and stores it, releasing
it at night, acting like a heat sink.  In the desert there is little water to store energy and release it
in such a cycle, so the temperature s much more sensitive to the sun’s being out or not.

Phase diagrams

Every substance can exist as a
solid, liquid, or gas.  A phase
diagram is a plot of all the
equilibrium curves between any
two phases on a pressure
temperature diagram.  The exact
shape of the phase diagram
depends on the substance.  There
is only one point on the diagram
where all three phases of a pure
substance are at equilibrium. This
is called the triple point.
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