Density of Matter




l. What is Density?

A. A substance’s density isa ___physical property

B. Density is defined as the quantity of a matter in a certain amount
0] _Space___.

1. The quantity of the material (matter) is itS _mass .
2. The amount of space occupied by the material is itS _yolume .

Wood is less dense
than water, and floats

‘/

Rock is more dense
than water, and sinks







a. Retains a fixed volume and shape
b. Rigid - particles locked into place
c. Most materials are densest jn their solid phase




2. Fluids

a. Takesthe shape of its container
b. Compressible and capable of flowing

c. Liquids and gasses are fluids.




() Liquids

(a) Assumes the shape of the part of the container which it
occupies

(b) Particles can move/slide past one another



(2) Gases

Exosphere —  m
400 ken sltimde

Thermosphere — g 300k

Mesosphere ——¥ 50km
Stratosphere ———# 40km

(a) Assume the shape and volume of the container which they
occupy.

(b) Particles can move past one another
(c) Easily compressible
(d) Will expand to the volume of the container it occupies



ll. Finding Density

A. Density is the ratio of a substance’s
mass  toits volume .
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1. Measure the Mass

Usea scale .

The standard unit of mass in the Metric or Sl (Standard
Internationale) System is the kilogram (kg) butin density
measurements the smaller unit, the _gram (g), is commonly used.




2. Measure the Volume

a. Liquids
(1) Use a volumetric container that is appropriate to the fluid (e.g.,
graduated cylinder or beaker)
(2) Volume units
(@) The Sl unit for volume is the liter .
(b) This is usually used for fluids.
(c) The milliliter _is commonly used for density measurements.




10.0 mL

9.5 mL

9.0 mL

Fortion of graduated
cylinder showving meniscus




b. Solids

d—

a

Volume is the
three—dimensional
space occupied by an
object.

Rectangular Prism




gularly Shaped Obje

Put it in the
graduate
and find out.

~—

The water
rises 2 units.
The object
has a volume

' of 2.

How much
volume does
this object

have?



bstitute Values i
Density Equation

pressed using the equation

distance between foci

=eEantileiy = length of major axis

Gradient = w

mass
volume

Density =




2. Density Units

a. Density Is labeled using a compound unit.
b. For solids use g/cms.

c. For_liguids useg/mL.




C. Comparing Densities by
Flotation in Water

The less dense the object is,

Substances that are less dense ) .
the higher it floats.

than water float

Substances that are
Equal to water in density
can remain suspended
within the water

Substances that are more dense than water sink.



Fluids will Separate According to

Their Densities. ®—— 15

How far will
the ball sink?

Red Fluid: 2.4 g/mL
Yellow Fluid: 1.0 g/mL
Blue Fluid: 1.3 g/mL







A. Temperature




B. Pressure

1. Solids

a. At great depths
below Earth’s surface
there is extremely
high pressure from
the overlying rocks.

b. Minerals are
compressed
(1) Volume
(2) Density
c. Thisisa
relationship.

|
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C. Pressure

Inferred Properties of Earth’s Interior
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C. Shape and Size

11343
FH

Vores
Grreance

Al of these Aluminum objects have the same density

1. If the temperature of a material remains constant, the
size and shape will not affect it’'s density.

2. The mass and volume change proportionately
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D. Phases of Matter

. For most substances particles are most
closely packed in the solid phase.

. Most materials are densest In their solid

phase.



3. Water unusual because it is densest as a liquid
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Density
g/cm?

0.9997

Maximum density
at3.98 "C =392 F

1
_-r-_.

Temperature "C

As liquid water cools, it contracts and becomes denser

until it reaches a temperature of 4° Celsius (3.98° C).

As water cools from 3.98° Cto 0° C it _expands

becoming |ess dense.



c. This has profound implications

(1) Icefloats resulting In

(a) Icebergs floating in
the ocean

(b) Lakes freezing from
the top down.

ICE




Expanding water in pipes and crac
them to break apa
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Frost wedging




The reason for this unusual property is
the nature of the water molecule.

(1) The molecule’s shape is asymmetrical and polarized.
(@) One side is positively charged
(b) The other side has a slight excess of negative charges.

P:B‘fsnep

Shz
Elect
{Covaler

The molecule resembles a famous mouse!



(2) When water is in the liquid state

(a) Molecules are moving
around.

(b) Because of polarity some
molecules are slightly
attracted to one another

(c) The are closer together than
In most liquids.

Water Molecule
Negative End (-)

Hydrogen
Hydrogen e

Positive End (+)




(4) When Water Freezes
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(a) Bonding hydrogen atoms are shared between adjacent
water molecules.
(b) An orderly, hexagonal pattern results.

(c) The open honeycomb-like crystal structure contrasts
with the more closely packed molecules in liquid water.



Density is considered in
many Earth Science Topics



Astronomy
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Meteorology




Convection




r Masses and Fro
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Violent Weather
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Plate Tectonics — Density is a factor for ...
P . . e

100 —* ] Lithosphere Continental
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Plawm Subduction
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Depth (km)

65 million
years ago

Motions associated
with plate boundaries

Behavior of seismic waves
traveling through Earth’s interior

Volcanic and Earthquake Activity



ntle Convection
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Behavior of Pollutants
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Sediments Flowing into the Ocean

Turbidity curment

Subsnarine
YOS
+

Turbidite deposits




