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STRUCTURES AND PROPERTIES OF MATTER

Properties of Matter

PROPERTIES OF FLUIDS

Think of lava flowing down the sides of a Hawaiian volcano, water in a backyard
swimming pool, or heliur in a party balloon. The lava, water, and helium are
fluids. A fluid is a substance that can flow and take the shape of its container.
Fluids can be gases or liquids. Most fluids will freely flow downhill due to gravity.
Afew, like helium, can even flow uphill (under the proper conditions)! The mole-
cules in fluids can slide over each other and move freely. The molecules in fluids
are not in fixed positions like they are in solids.

ferences between gases and liquids

Gases and liquids differ in an obvious way: you can see liquids, while most gases
are invisible. Think of liquid water and water vapor. You might think you see water
vapor when you look at a cloud, but clouds are actually made of tiny droplets of
liquid water, not water vapor. Though you can definitely feel its effects on 2 humid
summer day, water vapor is invisible because its molecules are nearly 1,000 times
farther apart than the molecules in liquid water.

At any particular temperature, liquids occupy a relatively fixed amount of
space. They are almost impossible to compress because the molecules in liquids
are closely packed. But so much space exists between gas particles that you can
casily squeeze gases to fit them into smaller containers. With enough pressure,
you can reduce the volume of a gas thousands of times.

Liquids will diffuse—spread out evenly—into other liquids, and gases will diffuse
into other gases. But this spontaneous mixing oceurs much more slowly with liquids
than it does with gases. Think of trying to cross a crowded room. You move slowly
because you are constantly bumping into people. The same occurs with diffusing
liquids. But in a room that is almost empty, you can move very fast. In gases, mole-
cules have more space to move about 100, so they can mix more quickly.





Answer the following:

1. What is a fluid?

2. State 3 difference between gases and liquids.

3. What is density?

4. What is a density column used for?
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Density of Liquids

Show your work as you determine the density of the six liquids in the

problems below. Write your final answer for each liquid in the small
rectangles.

20 mL of water has a mass of 20 g 15 mL of dishwashing liquid has a mass
of 15.45¢g

27.4 g of corn syrup has a volume of 20 | 17.4 g of rubbing alcohol has a volume
mL of 20 mL

13.65 g of vegetable oil has a volume of | 10 mL of glycerin has a mass of 12.6 g
15mL
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Density of Liquids

1. What two physical properties must you know before you can calculate the
density of a substance?

2. In this activity, you determined the density of 10 mL of glycerin. What would be
the density of 5 mL of glycerin? Explain your answer.





Density

Which has the greater mass, air or lead?  Most of you would answer lead, but actually this question does not have an answer.  To compare these two things you need to now how much of each you have.  A large amount of air could have to compare the masses of each that occupy the same space, or volume.  This is called density.
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Solve the following problems:
 1.   What is the density of carbon dioxide gas if 0.196 g occupies a volume of 100 mL?
2.  A block of wood 3.0 cm on each side has a mass of 27 g.  What is the density of this block?
3.  An irregularly shaped stone was lowered into a graduated cylinder holding a volume of water equal to 2.0 mL.  The height of the water rose to 7.0 mL.  If the mass of the stone was 25 g, what was its density?
4.  A 10.0 cm3 sample of copper has a mass of 89.6 g.  What is the density of copper?
5.  Silver has a density of 10.5 g/cm3 and gold has a density of 19.3 g/cm3.  Which would have a greater mass, 5 cm3 of silver or 5 cm3 of gold?
6.  Five mL of ethanol has a mass of 3.0 g, and 5.0 mL of benzene has a mass of 4.4 g.  Which liquid is denser?
7.  A sample of iron has the dimensions of 2 cm x 3 cm x 2 cm.  If the mass of this rectangular-shaped object is 94 g, what is the density of iron?

Density Drill
Some objects tend to be “heavy”, while other objects seem “light”.  But unless you are comparing the same volume of each object, these descriptions have little value.  And that is where the concept of density comes in.  Density refers to how much mass an object has in a particular volume.  Because mass is measured in grams, and volume is measured in cubic centimeters, the unit for density is grams per cubic centimeters.

If the mass and volume of an object are known, its density can be determined by dividing the volume value into the mass value.  Similarly, if the density and mass are known, the object’s volume can be determined by dividing the density value into the mass value.  Finally, if an object’s density and volume are known, its mass can be found by multiplying these two values.  You can see how2 density, mass, and volume are related by doing this activity.  In each situation, you are given enough information to determine the unknown value in the formula 
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Object A
1. The mass of object A, as shown by the positions of the balance riders, is ________ g.

2. The volume of object A, as indicated by the given dimensions, is _______ cm3.

3. Using the formula D = M/V, calculate the density of object A.  _________ g/cm3
4. If the object is cut into two equal parts, what is the density of one half of A? _________ g/cm3.  Of the other half? _________ g/cm3.  How does the density of object A compare to the density of half of object A? _____________________.
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Object B

1. The mass of object B has been determined to be 125 g.

2. The volume of object B, as indicated by the change in fluid level in the cylinder is ____________.

3. Using the formula D = M/V, calculate the density of object B.  ________ g/cm3
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Object C

1. Object C is a perfect cube.  The mass of object C, as shown by the position of the balance riders is    55    g.

2. The density of object c has been determined to 5.5 g/cm3
3. Using the formula 
[image: image6.wmf]V
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, calculate the volume of object C. _________ cm3
4. Since object C is a perfect cube, determine the length of each side of that cube.  HINT:  the formula for the volume of a cube is V = L x W x H.  Length of any side of cube C = _____________ cm.
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Object D


1. The density of object D has been determined to be 1.4 g/cm3
2. The volume of object D, as indicated by the change in fluid level in the cylinder, is _________ cm3
3. Using the formula M = D x V, calculate the mass of object D.
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Have you ever been accused of moving “slower than molasses in January”? If
you have ever tried to pour molasses from a refrigerated bottle, you know what
this means. You could make a phone call while waiting to fill a measuring cup
with cold molasses. It is thick and flows slowly. In other words, molasses has
high viscosity.

Viscosity is the resistance of a fluid to flow. The strength of attraction between
the particles within a fluid determines how easily it flows. Water flows faster than
molasses—it has lower viscosity. When you heat molasses, the kinetic energy
of its molecules increases. They move around more freely. As a result, warm
molasses flows faster and its viscosity is lowered.

You might know about viscosity from buying oil to add to an automobile.
Usually people buy high-viscosity motor oil in the summer when the weather is
warm. That's because the high summer temperatures lower the oil’s viscosity. In
winter you generally add low-viscosity oil because the low temperatures raise
the viscosity.

Volcanologists frequently consider viscosity. Volcanoes with more viscous lava
have trouble releasing dissolved gases. These types of volcanoes produce devas-
tating explosive eruptions, such as the 1980 eruption of Mount St. Helens in
Washington. Low-viscosity lava produces quiet eruptions. The volcanoes on the
island of Hawaii produce lava with low viscosity. The frequent eruptions there are
a fact of life. Instead of exploding, the volcanoes send lava flowing down the
mountainsides in fairly predictable paths. The eruptions sometimes destroy prop-
erty but rarely injure people.




1. What does “slower than molasses in January” mean?
2. What is viscosity?

3. What type of motor oil do you want in the summer?  Why?

4. Why do volcanologists consider viscosity?
 [image: image8.png]Buoyancy

If you dive to the bottom of a swimming pool, you can feel the weight of the water
above you. You'll feel pressure in your ears. Like any fluid, water exerts pressure
in all directions. The deeper you go, the greater the water pressure. As you can
see in Figure 13-1, because the bottom of a submerged object is deeper than the
top of the object, the water pushes upward on the object with greater force than it
pushes downward on the object. The upward force of water pressure is called the
buoyant force. It helps lift submerged objects upward and makes them feel lighter
than they would feel in the air,

Buoyancy is the tendency of a less dense substance to float in a more dense
liquid. Buoyancy increases as the density difference between two substances
increases. That is, buoyancy increases as the density of the floating object de-
creases or as the density of the liquid increases. The water in the Great Salt Lake
in Utah or in the Dead Sea in Israel and Jordan is denser than fresh water because
the water contains large quantities of dissolved salts and minerals. If you swim in
either one, you'll notice your own increase in buoyancy. You can float on your
back with ease thanks to the large difference between your own density and that
of the unusually dense, salty water.

You can also increase your buoyancy by decreasing your own overall density.
If you slip on a lifejacket, you will increase your volume without much increase
in your mass. This is the principle behind how boats work. Boats can be made of
cement and still float! Boat designers must carefully consider the ratio of a boat's
mass to its volume so it will have lower density than water.

A hydrometer measures density by indicating its own buoyancy. A hydrometer
is a hollow glass tube with a weighted bottom. It will float higher in denser liquids
than in less dense ones.

Figure 13-1




Buoyancy Reading Questions
1. What happens to water pressure the deeper you go?

2. What is buoyancy?

3. Why is it easier to float in the Great Salt Lake then in the Gulf of Mexico?

4. How can massive ships float?
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A buoy floats on water to show boaters where to avoid underwater objects.
A buoy floats because of buoyancy—the ypward forse of water on an object.

Objects can float in more than just water. Balloons float in air; your fluids in
your density column floated on honey, corn syrup, ctc.

So how do things float?
A warning buoy How does a steel ship float? A boat {loats because the wator
pushes UP on it.
You know about density. Here are three materials and their densities:

Tf an object is denser than the liquid it’s in it will sink. water, 1 g/mL; cork, 0.25 g/mL; steel, 7.86 g/mL.

In water a cork will float or sink?

If it is less dense than the liquid, it will float. In water a steel will float or sink?

So, how does a steel ship float?

It's About Buoyancy

Archimedes’ Principle: An object in Steel block; A steel ship can float because of its shapel
a fluid will float when the weight of higher density; A block of steel does not displace (push
the displaced fluid equals the weight sinks. aside) cnough water to keep it afloat, but a
of the object. ship is mostly air in between its sides! This
shape allows it to displace enough water to
Ex. A 50 newton object will float if it Steel ship; float.
displaces 50 newtons of water. If it . lower density . -
displaces less than that, it will sink! Alr (same mass, Another way to think about this is that the
more volume); ship is less dense than a block of steel
floats. because it has air inside!
Remember:
Newtons—the metric unit of weight (we use pounds). We
Noah’s Ark floated will use newtons more in Physics, but Archimedes Principle
because of works just fine if you use MASS in place of newtons.
Archimedes’ Principle.
Remember: 1 mL of water = 1 gram of water
1f a piece of rubber has a mass of 45 grams, how much If a boat weighs 100 newtons and it displaces 250

water will it have to displace in order to float? newtons of water, how heavy a cargo can it carry?
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Density is a measure of how tightly packed the atoms of a substance are.

A ping-pong ball and a golf ball are approximately the same size.
‘Which one is more dense? A: N

The density of an object could be increased in two ways:
1) if you cram more matter into a particular volume of space (increasc mass) or
2) cram the matter you have into a smaller volume of space (decrease volume—which you could do with a gas).

What does this equation say in plain English?
Mass in grams (g)

Density: —p =2

in g/mL or V ——— Volume in Ex. An 20 gram object has a volume of 5 cnr?’.
glom® o or mlL Find its density.
Solution: D = <2 = 20 g/em’= 5 g/en?
v
Practice: In class find the density of the three object that you are given.

Find the density of an 45 gram object that's

volume is 15 mL, Volume
Object 1:

1£2 10 mL object weighs 22 grams, what is its Object 2:

density?

Object 3:

Density of States of Matter

You already know about the three most common states of
matter. How does the density of a substance change
when it changes temperature or changes its state of mat-

ter? Not all solids are denser
than liquids. There is

‘Which is more dense 2 liquid or a solid? one great and important
exception.

Which is more dense a liquid or a gas? What is it?

‘We Jearned that the molccules in a solids are closer to-
gether. This is why solids are more dense.

Liquids slide around and are less closely packed. Liquids
are less dense than solids.
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Contrast a bowl of chicken soup with a glass full of water. The soup contains visi-
ble chunks of chicken and various vegetables within its tasty broth. The water,
however, is clear and the same throughout. Soup is a mixture, and water is a pure
substance. All matter can be classified as mixtures or pure substances. Water is a
pure substance, and each water molecule is made up of one oxygen atom and two
hydrogen atoms. Salt water is a mixture that contains both water molecules and
salt ions. Pure substances are either elements or compounds.

Elements

Elements are substances that consist of just one type of atom. Substances

that occur in nature as elements include copper, silver, gold, and sulfur. Other
elements, such as hydrogen, sodium, and potassium, are not found in nature
except in chemical combinations. They naturally occur only in compounds with
other elements.

By 1800, only 26 elements had been discovered. Today we know that Earth
contains about 90 naturally occurring elements. Scientists have made additional
new elements in laboratories.

The most commonly occurring element on Earth is iron, at about 35 percent,
closely followed by oxygen, at about 30 percent. The elements silicon and magne-
sium are also important components of Earth. Compare the composition of Earth
with that of the human body. Oxygen makes up 65 percent of the body, followed
by carbon, at about 18 percent, and hydrogen, at about 10 percent.




1. How can matter be classified?
2. How are pure substances classified?

3. What makes a substance an element?

4. What are the two most common elements on earth and give the percent do they make up?

5. What is the most common element in the human body and what percent does it make up?

[image: image12.png]Mixtures

If you compare a beaker of pure water with a beaker of salt water, they will most
likely look the same. But bure water is a compound and salt water is a mixture, A
mixture is a combination of more than one substance, with each substance re-
taining its own composition and its own properties. In salt water, the water and
the salt each keep their own identity.

If you place the beaker of salt water on a burner, eventually the water will boil
away and the salt will remain in the beaker. The amount of salt remaining in the
beaker depends upon how much salt was initially dissolved in the water. Unlike
the fixed percentages of a compound, the amounts of each substance in a mixture
can vary. A beaker of salt water might contain one or more spoonfuls of salt.

Salt water is called a homogeneous mixture because once the salt dissolves in
the water, all parts of the salt water have the same composition and properties.
Any sample taken from the beaker has the same ratio of salt to water.

Contrast salt water with another mixture—the bowl of chicken soup. If
you take several samples from a bowl of chicken soup, the composition of the
samples may vary. One spoonful might contain a chunk of chicken and three peas.
The next spoonful might be all broth. The chicken soup is a heterogeneous
mixture. Heterogeneous mixtures differ from region to region both in composition
and properties.




1. What is a mixture?
2. Describe a homogeneous mixture.

3. How do heterogeneous mixtures differ?

[image: image13.png]Compounds

Water is a pure substance that is a chemical compound. A chemical compound
is a substance that contains more than one type of element and can be broken
into simpler substances by chemical reactions. The majority of pure substances
on Earth are compounds rather than elements.

Each water molecule contains two hydrogen atoms and a single oxygen atom.
The chemical formula of water is the familiar HyO. The number of atoms of
each element within each molecule of a chemical compound is shown in its
chemical formula.

As the formula implies, compounds contain elements in fixed percentages.
No matter where it is found, water always contains 11.2 percent hydrogen and
88.2 percent oxygen by weight. No matter how much water you have, each mole-
cule consists of one oxygen and two hydrogen atoms.

Water is a compound. Compounds can be chemically separated into their
component parts. Such separation is impossible with elements. No ordinary chemi-
cal means can separate elements into other substances. The apparatus shown in
Figure 13-4 depicts how electricity is passed through water to separate it into its
individual elements—hydrogen gas and oxygen gas.

Oxygen Hydrogen

Chemical breakdown of water into its elements




1. What is a chemical compound?
2. What does the chemical formula tell you?

3. How do chemical compounds and elements differ?
Complete the graphic organizer 
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[image: image25.png]List heterogeneous and homogenous mixtures for:

Mixture Heterogenous Homeogenous
Jello

lee cream

Soup

1. Substance or non- | a. Made up of two types of matter that can | 1, Meter a. Divide by 1000, This is the smallest
mixture be physically separated, standard metric prefix.
2. Mixture b. Two samples might not be the same. 2. Kilo- b. The standard metric unit of mass; it
. is very small.
3. Heterogencous ¢. Two samples will have the same
Mixture makeup. 3. Gram ¢. The standard metric unit of length;
4 Matter d. Has only one kind of atom in the same. equalto 3.3 feet.
5. Bloment <. Contains two kinds of atoms thatcan- | 4 Milli- d. The standard metric unit of volume.
: not be physically separated. Used to measure liquids.
6. Homogeneous f. Cannot be separated by physical means. | 5. Centi- ¢. Means divide by 100. Easy to re-
Mixture . member by the word cent-ury.
g. A classification of anything that has )
7. Compound mass and takes up space. 6. Liter f. Prefix that means multiply by 1000.

Mark these as elements (E) or compounds (C):

Water (H,0) Carbon Dioxide (COy) ______
Hydrogen (H) ___ Sodium (Na)
Helium (He). Silver (Ag)

Lab Station 1. Solid Mixtures

There are a number of mixtures that are solid at room tem-
perature. Brass is a mixture of copper and zinc, Soil (dirt) is
also a solid mixture at room temperature. Which is homoge-
naus, brass or soil? What test would you use to determine
this?

Our lab examples - Sugar cookies vs. Chocolate Chip cookies
Record them as homogenous or heterogeneous. Be sure to
record how you determined this (be specific).

Lab Station 2. Liquid Mixtures

Salt water is a
atToom temperature,
Orange juice is a

mixture that is liquid
mixture,
Our lab examples — Tomato soup vs. Vegetable soup

Record which is homogenous or heterogeneous. Be sure to
record how you determined this.

Lab

Lab Station 3. Substances: Elements versus Compounds

Tn our life we work almost exclusively with compounds, but a
few objects are elements, such as iron. The biggest reason for
this is that elements tend to combine into compounds. If its
name is on the Periodic Chart, it is an element. Qur examples:
Aluminum (Al) versus Table Salt (sodium chloride: NaCl).

Record which is the element and which is the compound. Be
sure to record how you determined this,

Using the Periodic Chart, find 5 elements you recognize. Record
their nares and their chemical symbol (abbreviation).

Element 1 —

Element 2—

Element 3-—

Element 4—

Element 5—

LAB WRITE UP—A one page write up about what you did
in the lab. You must write it as a descriptive essay, using
proper English and punctuation. Due next class.
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Matter
(made up of building blocks)
Bag A, Bag B, Bag C, Bag D, Bag E,
Bag F, Bag G, Bag H

Definite Composition
(same molecules throughout)

Varied Composition
(different molecules})

|

One Type of Two or More Evenly Mixed
Part Types of Parts Throughout

Unevenly Mixed
Throughout





Classifying Matter
Use the terms listed below to complete the following diagram that illustrates the classification of matter.
Matter

Mixtures

Heterogeneous Matter

Pure Substances

Compounds
Elements

Solutions


Homogeneous Matter



Remove this page from the packet and cut out each of the squares below. 

Organize these squares on page 23’s blank flow chart. 
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Models of Matter

Models of
Matter

Mixtures

Homogeneous

Heterogeneous

Substances

Compounds
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Much of science involves describing the universe. To do this we must be able to classify the things we encounter.

Anything that has mass and takes up space we call matter.

Everything you can touch or hold we call matter, but only most of what you can see is matter (lightening is not, it is energy).

Has mass and

A mixture is made takes up space

up of more than one
kind of matter and
can be separate
physically.
Ways to physically
separate include:
sorting; filtering;
heating; cooling.

Different Samc
- throughout throughout
Examples of mixtures
Homogenous:
milk;
salt water;

vanilla ice cream

Heterogeneous:
chicken soup;

orange juice Heler_o genous Hom_ogenous
rocky road ice cream Mixture: Mixture:
Rocky Road Vanilla

Substances cannot be
separated physically.
Compounds can be

separated chemically.

Flements can only be
“non-mixtures separated by
substances Not nuclear means.

separated
physically | To tell the difference in
chemical formulas re-
member that each ele-
ment uses on one capi-
tal letter. Two capital
letters—must be a

More than one
compound

One type of
atom only element

Examples of substances:

Elements:
gasa| oo
-9 Oxygen (0z)
Compounds:
Element: Compound: Rust (FeO, )
Carben Dioxide (CO; )

Metric Overview

Science uses the Metric System because it is a decimal
system. To convert to larger or smaller units you just
have to move the decimal.

Basic Units are: Meters for length
Grams for mass
Liters for volume

Basic Prefixes are: kilo means multiply by 1000
centi means divide by 100
milli means divide by 1000

Gram
Kilo- Heca- Deka- Meter Deci Centi- Milli-
Liter

1 Meter is just bigger than a yard
1 Liter is just bigger than a quart
1 Gram is about the mass of a dollar bill

States of Matter

When a substance

States of Matter States of Water
changes temperature
Solid  Ice it can change its

state of matter, but it
will not change
chemically.

Liquid Water
Gas  Steam

Other definitions we will learn:
(Try to relate these words to water.)

Boiling point— temperature that turns a liquid to a gas.
Freezing point—temperature that turns a liquid to a solid.
Melting point—temperature that turns a solid to a liquid.
Condensation—when a gas turns to a liquid.
Evaporation—when a liquid turns to a gas.

Sublimation—when a solid turns straight to a gas.
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Mixture Heterogenous Homeogenous
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1. Substance or non- | a. Made up of two types of matter that can | 1, Meter a. Divide by 1000, This is the smallest
mixture be physically separated, standard metric prefix.
2. Mixture b. Two samples might not be the same. 2. Kilo- b. The standard metric unit of mass; it
. is very small.
3. Heterogencous ¢. Two samples will have the same
Mixture makeup. 3. Gram ¢. The standard metric unit of length;
4 Matter d. Has only one kind of atom in the same. equalto 3.3 feet.
5. Bloment <. Contains two kinds of atoms thatcan- | 4 Milli- d. The standard metric unit of volume.
: not be physically separated. Used to measure liquids.
6. Homogeneous f. Cannot be separated by physical means. | 5. Centi- ¢. Means divide by 100. Easy to re-
Mixture . member by the word cent-ury.
g. A classification of anything that has )
7. Compound mass and takes up space. 6. Liter f. Prefix that means multiply by 1000.

Mark these as elements (E) or compounds (C):

Water (H,0) Carbon Dioxide (COy) ______
Hydrogen (H) ___ Sodium (Na)
Helium (He). Silver (Ag)

Lab Station 1. Solid Mixtures

There are a number of mixtures that are solid at room tem-
perature. Brass is a mixture of copper and zinc, Soil (dirt) is
also a solid mixture at room temperature. Which is homoge-
naus, brass or soil? What test would you use to determine
this?

Our lab examples - Sugar cookies vs. Chocolate Chip cookies
Record them as homogenous or heterogeneous. Be sure to
record how you determined this (be specific).

Lab Station 2. Liquid Mixtures

Salt water is a
atToom temperature,
Orange juice is a

mixture that is liquid
mixture,
Our lab examples — Tomato soup vs. Vegetable soup

Record which is homogenous or heterogeneous. Be sure to
record how you determined this.

Lab

Lab Station 3. Substances: Elements versus Compounds

Tn our life we work almost exclusively with compounds, but a
few objects are elements, such as iron. The biggest reason for
this is that elements tend to combine into compounds. If its
name is on the Periodic Chart, it is an element. Qur examples:
Aluminum (Al) versus Table Salt (sodium chloride: NaCl).

Record which is the element and which is the compound. Be
sure to record how you determined this,

Using the Periodic Chart, find 5 elements you recognize. Record
their nares and their chemical symbol (abbreviation).

Element 1 —

Element 2—

Element 3-—

Element 4—

Element 5—

LAB WRITE UP—A one page write up about what you did
in the lab. You must write it as a descriptive essay, using
proper English and punctuation. Due next class.
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