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Gases

Particlesvery far apart with almost no attractive
Inter particle for ces.

Thisgivesthem no shape or definite volume.

All gases have similar propertiessuch as
expansion when heated and contraction when
cooled. Therate of expansion/contraction isthe

same for all gases.

Properties of Matter Sidel



Liquids
Liquids are held loosely together by attractive
Inter particle forces. Particles can move away from

each other but only so far. Thisgives a definite
volume but not a definite shape.

Tounderstand aliquid’s properties we must know
the strength of the interparticle for ces.

All liquids except water expand uniformly asthey
are heated and contract asthey are cooled. The
rates of expansion/contraction differ for each
liquid.
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Solids

The particlesof a solid are held into arepeating
pattern by the attractiveinterparticleforces. This
repeating pattern dictates a definite volume and
shape.

Tounderstand a solid we need to know the
strength of the interparticle force and the
arrangement of the particles.

All solids expand uniformly asthey are heated
and contract asthey are cooled. Therates of
expansion are different for each solid.
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Some Selected Liquid Properties

Evaporation — At a given temperature, not all
particles have the same KE. Some have enough
KE to escape from the attractions of ther
nearest neighborson the surface. Thisiscalled
evaporation. Evaporation increases asthe

temperature increases.

Vapor pressure— Gas pressure exerted by
evapor ating particles.

What s pressure? Pressureisdefined as
forcelarea. P = F/A [=] N/m? = Pascal (Pa)
In the English system you should be familiar
with the units of ps or pounds per squareinch.
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Usually we measur e gas pressure indirectly by
what gas pressure does. Example—a
barometer.

Unitsand their valuesfor what iscalled “ standard
atmospheric pressure’. Thismeansthat all these
values equal the same pressure.

14.7 Ib/in® 760. mm Hg or Torr
101.3 kPa 1.013 bar
1.00 Atm 29.91n of Hg

Asthetemperatureincreasesthe vapor pressure
Increases. This affectsthe boiling pt of theliquid.
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Boiling point —temperature at which VP =
pressure of the atmosphere.

|f a substance has a high vapor pressurethen
theinterparticleforcesarelow and it will be
easier for itsvapor pressureto egual the pressure
of theatmosphere. Thisleadsto a low BP.

A high BP means strong interparticle forces
and a low vapor pressure. Thetemperature must
be high enough for the pressure of the escaping
particlesto equal the pressure of the atmosphere.

Example — Which of the following liquids hasthe
highest vapor pressure? Highest BP? Strongest
Interparticleforces? Water, rubbing alcohol
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The BP can be changed by changing the
atmospheric pressure. If weincreasethe pressure,
then the BP of the water will increase. |f we
decreasethe pressure, the BP will decrease.
Applications— car radiator, pressure cooker,
cooking at high elevations

Another way to changethe BP of aliquid isby
adding a solid or liquid to it that does not
evaporate very quickly. Such a substanceis called
nonvolatile.
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Thenonvolatile substance takes up spaces on
theliquid surface and slows the evaporation
process. Thisdecreasesthe VP and makesthe BP
higher. Can you explain thisin terms of the
definition of BP? A good exampleisadding
antifreezeto your car’sradiator.

Surface tension isanother property of liquids
that showstheinterparticleforces. It isthe
apparent eastic film on a liquid surface that
results from the unbalanced forces on the surface
particles.
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Thereisanet downward pull on these
particles. Thisenablesthe floating of objectson
the surface of aliquid even though the objects
have densities greater than theliquid. Example —
floating a pin or old double edge razor blade on
top of water.

When aliquid is put into a container the
attractive forces between theliquid particles
(called cohesion) may belessor morethan the
attractive forcesfor the container (called
adhesion)
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|f the container isa small tube you may seethis
difference as a meniscus or an inverted meniscus.

|f the attractive forces are greater between the
liquid and container than between theliquid
particles themselves you will see a concavity
(meniscus) in thetube. (adhesion > cohesion)
Example—water in a small glasstube

Asthetube getssmaller and smaller this
attraction of theliquid for the container resultsin
what I1s called capillary rise.
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The absorption of water by a paper towel can
bethought of aswater rising through small
cellulosetubesin the paper. Part of the reason
that theroots of plants can absorb water and
transport it to theleavesis by capillary rise.

It Isalso possible for the attractive for ces between
theliquid particlesto be stronger than the forces
between the liquid and the container. In a small
tube this causes an inverted meniscus. A good
exampleismercury in a small glasstube.
(cohesion > adhesion)
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Viscosity iIstheresistanceto liquid flow. It also
shows the strength of the cohesive forces of a
liquid. The higher the viscosity the greater the
attractive interparticle force. Which of the
following hasthe highest attractive interpaticle
forces? Water, alcohol, molasses

Freezing point/melting point

A liquid freezes (or a solid melts) at the
temperature wherethe vapor pressure of the solid
and liquid phases are equal. | f we can changethe
VP, we can changethe FP/MP.
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It Isfairly easy to changethe VP of aliquid since
we can dissolve a liquid in another liquid or a
solid in aliquid. We call the substance that
dissolves the solute (smaller amount) and the
substance that doesthe dissolving the solvent
(larger amount). Together they make a solution.

So aswe havelearned. . . if we dissolve a
nonvolatile soluteinto a liquid, we decrease the
VP of theliquid since part of the surface istaken
up by the solute.

But very importantly. .. when aliguid solution
freezesthe solvent usually freezes out asa pure
substance.

Properties of Matter Slide 13



These 2 facts|ead to the decrease of the FP of a
liquid. Decreasing the VP of theliquid while
keeping the VP of the solid the same causesthe
solid and liquid VP’ sto equal at a lower
temperature and thusthe FP/M P is decr eased.

Thisiswhy salt isadded to icy roadsin the winter
and causestheiceto melt. Theamount of the FP
depression can be impressive. Explain what
happens in making homemade ice cream.
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Water

Theimportance of water to life on this planet
cannot be overstated. About 70% of the planet is
covered by water and 70% of the mass of each
person iswater.

Thewater moleculeissmall, 2 hydrogensand 1
oxygen yet it provides a solvent for the dissolving
of more compoundsthan any other liquid.

|1’ s properties of relatively high BP/MP, high
heat capacity, and expansion upon freezing with a
maximum density at 4°C are unusual to say the
least. Let’sexplorethese.
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High BP/MP

Theinterparticle forces which hold water in
theliqguid and solid phase arevery high for the
size of the molecule. The special name for these
Interparticleforcesis called hydrogen bonding.
The high BP/MP meansthat water isaliquid at
room temp and liquid water is necessary for lifeas
we know It.

High Specific Heat Capacity

Liquid water hasavery high C,. Asaresult it
ISa great heat storage substance. Ocean currents
such asthe Gulf Stream transport heat from one
part of theworld to another.
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Water heats and cools more slowly than land.
Winds blowing across water areresponsible for
the milder climate of iands and seacoasts where
the prevailing winds blow onshore.

Water isalso used for itsheat storagein car
radiatorsand in passive solar collectorsfor
heating buildings.
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Expansion and Contraction

Normally substances expand uniformly when
heated starting with the solid phase and extending
Into the gaseous phase. They contract when
cooled. Water isthe only common substance
which does not.

For most temperatures water does act like
other substances. It isfrom 4°C to 0°C and during
freezing that it isdifferent.
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Let’sthink about the water in alake and how it
coolsdown in thewinter. Astheair temperature
decreases the density increases until wereach 4°C.
Since the density isincreasing the surface water
sinksto the bottom and the bottom water isforced
tothetop. Thiscausesthe water in thelaketo
“overturn”.

At thistemperature water’s unusual special
type of interparticle force (hydrogen bonding)
causesthe water moleculesto start rearranging
INnto a mor e open hexagonal structurewherethe
molecules arefarther apart. The density startsto
decrease and the water remains on the surface.
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At the FP of water, 0°C, the water completesits
rearrangement into the mor e open hexagonal
structure. Thismeansthat asliquid water changes
Into ice it expands and the density decreases even
more. Theicefloatson theliguid water and the
lake startsto freeze slowly from the top down.

The water at the bottom of the lake remains at
4°C throughout the winter and aquatic life
Sur vives.
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