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Chapter 1:

Matter and
Energy
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1.1 Matter and Its Classification

IIIIIII

= Matter is anything that occupies
space and has mass.

s Forms of energy are NOT
matter. Heat and light, for INTR'UCTION To

example, do not occupy space HE MI STRY

and have no mass.

m Consider the different forms of
matter and energy In this

picture. BAUER  BIRK  MARKS
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Chemical Classifications of Matter

have uniform (the
same) chemical
composition
throughout and
from sample to
sample

- Pure Substances —

4

Mixtures — are
composed of two
or more pure
substances and
may or may not
have uniform

composition

|

4
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Composition of Matter

Pure Substances:

have the same composition
throughout, and from sample
to sample.

can be further classified as
either elements or
compounds.

/

A

e N\
Pure
Substances
N )
h 4 B
Elements Compounds
y |9 )
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Pure Substances

= Have uniform, or the same, chemical composition
throughout and from sample to sample.

= Two Kinds of pure substances
= Elements

= An element Is a substance that cannot be broken down
Into simpler substances even by a chemical reaction.

= Elements are separated further into metals and
nonmetals.

= Compounds

= A compound Is a substance composed of two or more
elements combined in definite proportions.

()



Elements

= An element Is a substance that cannot be
broken down into simpler substances even
by a chemical reaction.

= All known elements are organized on the
periodic table.
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Figure 1.3
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Activity: Classification of Matter
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Bromine

Gold Carbon Aluminum Sulfur l'in

(gold), (carbon): © Jim Birk
(phosphorus): © The McGraw-Hill Companies/Stephen Frisch, photographer; (copper): © Jim Birk; (bromine), (nickel), (lead): © The McGraw-Hill Companies/Stephen Frisch, photographer;
(aluminum), (sulfur), (tin): © The McGraw-Hill Companies/Stephen Frisch, photographer

Figure 1.4




Activity Solution: Classification of
Matter

Metals can be distinguished from nonmetals by the
luster and ability to conduct electricity. Since we do
not know how each of elements in Figure 1.4 conduct
electricity, we need to use luster as our measure.
Nonmetals are usually dull, with the exception of
carbon (as diamond). Elements that are gases at room
temperature are also nonmetals. Therefore, the
nonmetals in Figure 1.4 are phosphorus, bromine,
carbon, and sulfur.
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Activity: Classifying Metals and

Nonmetals
Which of the following are metals? Which are nonmetals?
1. Phosphorus - P 5. Bromine - Br 9. Lead - Pb
2. Gold - Au 6. Aluminum - Al 10. Tin-Sn
3. Carbon - C /. Sulfur-S

4. Copper - Cu 8. Nickel - Ni
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Atoms

= Matter Is composed T opper atom.
of atoms.

= An atom IS the
smallest unit of an
element that retains
the chemical
properties of that
element.

Figure 1.8
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Atoms and I\/Iolecules

s Atoms can be found
combined together In
molecules.

= Molecules are composed of
two or more atoms bound
together in a discrete
arrangement.

= The atoms bound together
In @ molecule can be from
the same element or from
different elements.

Figure 1.11

Figure from p. 22
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Compounds

= A compound Is a pure substance composed of two
or more elements combined chemically in definite
proportions.

= A compound has properties that are different
from those of Its component elements.

Figure 1.5

. both):© Tﬁe McGraw-Hill Companies/Doug Sherman, photographer
Iron pyrite ey . = e

Compound: Iron pyrite, Fe,S, Elements: Iron, Fe, and Sulfur, S -



Compounds

= Pure sand is the
compound silicon
dioxide, which has the
- fomula SiO.. S .
" » What does the formula
tell us about the | -
| combination of
elements in this
compound?

»”

© Jim Birk
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Activity: Elements and Compounds

= |dentify each of the following as an
element or compound.

1. CH,0,

2. H,0

3. Br,

4. Sodium phosphate
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Mixtures

= A mixture IS a combination of two or more
elements or compounds .

= Mixtures differ from pure compounds In
that their components can be separated by
physical processes.

= Examples:
m Bronze

= Salt water
m Alr

1-17



Salt Being Separated by Evaporation

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Figure 1.6
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Mixtures

Mixtures —
consist of 2 or

more pure
substances

= Mixtures can be
further classified as
homogeneous and
heterogeneous.

m Homogeneous
mixtures have the

Homogeneous Heterogeneous
same composition Mixtures Mixtures — do
th roughout. (solutions) - not have

have uniform uniform

m Heterogeneous composition composition

mixtures do not. \ throughout throughout 4
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Mixtures

m Classify each of the following mixtures as
homogeneous or heterogeneous:

= Salt water

= Pizza

m [ap water

m Alr

= Brass (an alloy of copper and zinc)
= Potting soll

= Cake mix
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Classification of Matter

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

\ 4

Can it be physically
separated?

No Yes

v 4

Can it be decomposed Is it homogeneous?
chemically?

No Yes No Yes
Element Compound Heterogeneous
mixture

v

Does it conduct
electricity?

No Yes_

v v .
e
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Molecular-Level Representations of
I\/Iatter — Copper Atoms

Copyright © The McGraw-Hill Companies, Inc. Permis: required for reproduction or display.

Copper atom

Figure 1.8

© Royalty-Free/Corbis 1-22



Molecular-Level Representations of
Matter — Helium Atoms

Copyright © The McGraw-Hill Compan

Figure 1.9
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Activity: Molecular-Level
Representations

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

= Does this Image
represent atoms or
molecules?

= Is this an element,
compound, or
mixture?

Figure 1.11
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Molecular-Level Representations of
Matter — water molecules
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© IMS Communications Ltd./Capstone Design/Flat Earth Images
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Different Ways to Represent
V\Water

Figure 1.12
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Activity: Classification

Classify each of the following as an
element, compound, or mixture.

Figure from p. 48 1-27



Activity Solutions: Classification

Classify each of the following as an
element, compound, or mixture.

Mixture of
elements

I Mixture of ‘

element and Mixture of
compound E. compounds
Figure from p. 48 1-28




States of Matter

= A different way to classify matter is by its
physical state: solid, liquid, or gas.

= \WWhat are the macroscopic properties of each?

= How do the atoms and molecules of solids,
liguids, and gases behave differently?
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States of Matter

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 1.2 | Characteristics of the Physical States of Matter

Solid

Liquid

Gas

fixed shape

1ts own volume

no volume change under
pressure

particles are fixed in place in
a regular (crystalline) array

shape of container (may or
may not fill it)

1ts own volume

slight volume change under
pressure

particles are randomly
arranged and free to move
about until they bump into
one another

shape of container (fills it)

volume of container

large volume change
under pressure

particles are widely
separated and move
independently of one
another




Activity: States of Matter

= Discuss the following
guestions:

s How does a solid
differ from a liquid?

= How does a gas differ
from a liquid?

= How does a solid
differ from a gas?

Figure 1.14
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Gases can be compressed

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

N,
@ °/\02

Low pressure
Normal air

Figure 1.15

High pressure
Compressed air
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Water vapor condenses from the air
onto the cold surface of the glass.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Water vapor in
humid air

Figure 1.16

Condensed water

on glass 1-33




Symbols Used in Chemistry

= Symbols for physical states

= are found In parenthesis by the elemental symbol or
chemical formula

= designate the physical state
[ex. solid, liquid, gas, agueous]

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 1.3 | Symbols for Physical State

Physical State Symbol Example (bromine)

solid (s) Br,(s)
liquid (0) Br,(/)

gas (g) Bry(g)
aqueous (dissolved in water) (aq) Br,(aq)
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Symbols Used in Chemistry

(natural gas)

Name Symbol
helium He(g)
chlorine Cl;(9)
silver Ag(s)
water H,O(1)
carbon dioxide CO,(9)
methane CH,(g)
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Activity: Physical State Symbols

= Sodium chloride (or table salt) can be
represented symbolically as NaClI(s).

= Describe what symbol NaCl(aq) represents,
and describe what it looks like on a
macroscopic scale.

= Describe what NaCl(aq) looks like on a
molecular scale.
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1.2 Physical and Chemical Changes

and P

roperties of Matter

= A physical property is a characteristic that we can

observe withou
substance.

s Examples

o Color} qua
s Odor

t changing the composition of a

litative properties

=

m Mass

= Volume

= Density

= Temperature

> quantitative properties
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Units and Conversions
(See Math Toolbox 1.3)

Metric Base Units and Derived Units
= Length: meter (m)

= Mass: kilogram (kg)

= TIme: second (s)

s Temperature: kelvins (K)

= Number of particles: mole (mol)
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m Mass:

= measures the
guantity of matter

= IS essentially the same
physical quantity as
weight, with the
exception that weight
IS bound by gravity,
mass IS not

= cCommon units are
grams (g)
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Conversion

(See Math Toolbox 1.3
& back cover of text)
Prefixes (Table 1.4)

Mass measurements

giga-
mega-
kilo-
centi-
milli-
MICKO-
nano-
pICO-

€

M
Kk
C
m
u
N
P

10°
106
103
L2
103
10°
10
10-12

1Gg=10¢g
1 Mg = 10%g
1 kg=10°¢g

1cg=102¢g

1 mg=10=3g
1ug=10°g
1 ng=107¢g
1 pg = 10*=g
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Conversion
(See Math Toolbox 1.3 & back cover of text)

Prefixes (Table 1.4)

_ength measurements

giga- G 10°
mega- M  10°
Kilo- k 103
centi- C 10-2
milli- [T (U=
micro- U 105
nano- N 10-°
pICO- o L0t

1Gm=10°m
1 Mm = 10°m
1 km=10°m

1cm=102m

1 mm =103m
1 um =10°m
1 nm=10"m
1 pm=10+m
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Volume

= Volume:
n Copyright © The McGraw-Hill Companies, Inc. Perm

= amount of space a ;

substance occuples [

= can be calculated by -
measuring the sides of a
cube or rectangular side,
then multiplying them

Volume = length x width x
height
= common units are

centimeters cubed (cm?)
or milliliters (mL)

Figure 1.18
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Volume

= Volumes of liquids are usually measured In units
of milliliters (mL). e

= 1 mL =1 cm?exactly
s Howmany mL in1L?

Some 250-mL,
500-mL, and 1-L
containers

Figure 1.18
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Activity: Volume Unit Conversions

m Convert 25.0 mL to L.
0.0250 L

= Convert 25.0 mL to quarts (1 L =1.057 qt)
0.0264 L
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D ] t
Copyright @ The McGraw-Hill Companies. Inc. Permission required for reproduction or displa

= Density:

= the ratio of the
mass to Its volume

= Units are g/mL
(solids and liquids)
or g/L (gases)

m See Table 1.6 for a
listing of densities
for common
substances Figure 119
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Density

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 1.6 | Densities of Some Common Substances

Substance Physical State Density (g/mL)*

helium gas 0.000178
oxygen gas 0.00143
cooking oil liquid 0.92

water liquid 1.00
mercury liquid 13.6
gold solid 19.3
copper solid 8.92
zinc solid 7.14
ice solid 0.92

)
* At room temperature and at normal atmospheric pressure, except gases at 0 degrees Celsius (°C) and water at 4°C.




= Which liquid is the most
dense? Which Is least
dense?

s Compare the density of
the Dead Sea water and
of the person.

Figure 1.19
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The cube of gold has a greater mass than
that of aluminum. Which cube has the

greater density?

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Au Al

)

Figure 1.20



Given that these samples of metals have
the same mass, which has the greater
density?

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Aluminum
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Figure from p. 20




Density = mass/volume

= Why Is regular soda
more dense?

Figure from p. 20
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Why is ice less dense than liquid
water?

Liquid water

Figure from p. 21
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Homework

= Homework: (Read Sections 1,2 and 3)

m Problems P. 45 #1.,2, 23-30, 42, 45-52,
58-62, 70, 71, 86-98
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