1.1 Chemistry: The Central Science

Chemustry 1s often referred to as “The Central Science”
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Chemistry: The study of the properties and
transformations of matter.

Matter: Anything that has mass and occupies space
— things you can see, touch, taste, or smell.

Property: A characteristic that can be used to
describe a substance. Substances have both
physical and chemical properties.

Transformations: A change in the properties of
matter with time. There are physical changes and
chemical changes.
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Substances have both physical and chemical properties.

Physical Properties: Density, color, and melting
point are physical properties of matter. Observing a
physical property can be done without altering the
makeup of a substance.

Chemical Properties: Chemical composition, what
matter 1s made of, and chemical reactivity, how
matter behaves, are chemical properties. Observing a

chemical property alters the substance.
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Physical Change: Does not alter the chemical
makeup of a substance.

Chemical reactivity 1s unchanged.

Changes 1n state, changes 1n particle size, and
the formation / separation of mixtures are all
examples of physical change.

Melting of ice to form liquid water 1s a physical
change. In this case only a change in form takes
place. The chemical makeup of the substance
remains H,O.
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Chemical Change: Alters
the makeup of a substance.

Reactivity changes with
the formation of new
substances.

Heat, light, or electrical
energy 1s often emitted or

absorbed.

Potassium reacting with
water 1s an example of a
chemical change.
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1.2 States of Matter

Common states of matter are: solid, liquid, and gas.

Solid: A substance that has a definite shape and
volume. Solids are rigid and dense.

Liquid: A substance that has a definite volume
but that changes shape to fill the container. Liquids
are dense and fluid.
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Common states of matter are: solid, liquid, and gas.

Gas: A substance that has neither a definite
volume nor a definite shape. Gases are low density

fluids.

Substances can exist in each of these three states
depending on the pressure and the temperature. The
conversion of a substance from one state into
another 1s known as change of state.
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The three states - the solid state, the liquid state, and the
gaseous state - of water are shown below.

3

2

1

(@) Ice: A solid has a (b) Water: A liquid has a (c) Steam: A gas has both
definite volume and a definite volume but a variable volume and
definite shape variable shape that shape that depend on
independent of its depends on its its container.
container. container.
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1.3 Classification of Matter

Pure Substance: Matter that 1s uniform 1n 1ts
chemical composition and properties. Sugar is a pure
substance and water 1s a pure substance.

Mixture: A blend of two or more pure substances in
any ratio, each retaining their identity. Dissolving sugar
In water creates a mixture.

Physical changes can separate mixtures into one or
more pure substances. Evaporation and condensation
can separate water from sugar.
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Element: Pure substance that cannot be broken
down chemically into simpler substances.
Hydrogen and oxygen are examples of elements.

Chemical Compounds: Two or more elements
combined chemically in specific ratios to form a
pure substance. Water 1s a compound composed of
two parts hydrogen and one part oxygen.

Chemical changes can separate chemical
compounds into elements. Water can be broken
down into hydrogen and oxygen by passing an
electric current through 1it.
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The classification of matter 1s summarized below.

Matter

Are properties and
composition constant?

No Yes
Physical change |
Mixture < = Pure substance
Seawater
Mayonnaise I
Rocks Is separation by
chemical reaction
into simpler
substances possible?
Yes No
Chemical Chemical change Element
compound > Oxygen
Water = Gold
Sugar Sulfur
Sodium
chloride
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1.4 Example of a Chemical Reaction

Nickel, a solid metal, 1s mixed with
a colorless solution of hydrochloric
acid 1n a test tube.

The nickel 1s slowly eaten away, the
colorless solution turns green, and a

colorless gas bubbles out of the test
tube.
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Reactants: One or more starting materials. Between
reactants, the “+” can be read as “reacts with.”

Products: One or more substances formed as a result
of a chemical reaction. Between products, the “+” can
be read as “and.”

Between products and reactants, the “—” can be read
as “to form.”

Reactants \Y f Products

"Nickel + Hydrochloric acid — 'Nickel (II) chloride + Hydrogen
INi + 2HCI NiCl, + H,]
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1.5 Chemical Elements and Symbols

114 elements have been discovered.
90 occur naturally.
24 are produced artificially.

Some familiar elements are 1ron, tin, carbon,
oxygen, hydrogen, sulfur, etc.

Some unfamiliar elements are niobium,
rhodium, thulium, californium, etc.
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Each element has its own unique symbol. One or
two letter symbols are used to represent elements. The
first letter 1s always capitalized and the second letter 1s
always a lowercase. Examples: C, Cr, P, Pb

Most symbols are derived from modern names and

are easy to remember. Examples: “H” for hydrogen,
“O” for oxygen, “N” for nitrogen, etc.
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A few symbols for elements are derived from
their Latin names and are more difficult to learn.
Examples: “Na” for sodium comes from its Latin
name Natrium, “Pb” for lead comes from 1its
Latin name Plumbum.

All naturally occurring elements are not equally

abundant. Oxygen and silicon together constitute
75% of the Earth’s crust.
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Chemical Formula: A notation for a chemical
compound using symbols and subscripts to show how
many atoms of each element are present. When no
subscript 1s given for an element a subscript of “1” 1s

understood.

HyO CH, C12H2,011

r % N r A\ A\ L % N
2 H atoms 1 C atom 12 C atoms
1 O atom 4 H atoms 22 H atoms
11 O atoms
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1.6 Elements and the Periodic Table

Periodic Table: 114 elements 1n tabular format.

1A

8A
1 18
11{ 2A 3A 4A 5A 6A 7A Hz
e
1.00794] 2 13 14 15 16 17 |s000
3 4 5 6 7 8 9 10
Li | Be B @ N (@) F Ne
6.941 9.01218 10.81 | 12.011 |14.0067 | 15.9994(18.9984(20.1797
m P 3B 4B 5B 6B 7B 8B 1B 2B B 12 15 16 7 18
Na | Mg | 3 4 5 6 7 8 9 10 11 12 |Al}]Si [P | S | Cl]| Ar
2298977 | 24.305 26.98154] 28.0855 | 30.9738 | 32.066 |35.4527| 39948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc | Ti A% Cr |[Mn| Fe | Co | Ni [Cu | Zn | Ga | Ge | As | Se | Br | Kr
39.0983 | 40.078 |44.9559| 47.88 |50.9415| 51.996 |54.9380| 55.847 |58.9332| 58.69 | 63.546 | 6539 | 69.72 | 72.61 |74.9216| 78.96 | 79.904 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru [ Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe
85.4678| 87.62 [88.9059| 91.224 [92.9064| 95.94 | (98) | 101.07 [102.9055| 106.42 |107.8682| 112.41 | 114.82 [118.710|121.757] 127.60 |126.9045| 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba |[*Laf Hf | Ta | W | Re | Os | Ir Pt | Au | Hg | Ti | Pb | Bi | Po | At | Rn
132.9054 | 137.33 [138.9055[1 178.49 [180.9479| 183.85 [186.207| 190.2 | 192.22 | 195.08 |196.9665| 200.59 |204.383| 207.2 |208.9804| (209) | (210) | (222)
87 88 89 104 | 105 | 106 | 107 | 108 [ 109 | 110 | 111 | 112 114 116
Fr | Ra |[fAc||{ Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg
(223) |226.0254 [227.0278|| (261) | (262) | (266) | (264) | (269) | (268) | @71) | (272) | (277)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr [Nd |[PM |Sm | Eu [ Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
140.12 [1409077| 144.24 | (145) | 150.36 [151.965| 157.25 |158.9254| 16250 |164.9304| 167.26 |168.9342| 173.04 |174.967
90 91 92 93 94 95 96 97 98 99 100 | 101 | 102 | 103
Th | Pa U [Np| Pu |[Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.0381/231.0399238.0289| 237.048| (244) | (243) | (247) | (247) | @51) | (@52) | (257) | (258) | (259) | (262)
Metals Metalloids Nonmetals
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Large amounts of information regarding the properties
of elements are embedded 1n the periodic table.
Elements are roughly divided into 3 groups:

Metals: Found on the left side of the table.

Nonmetals: Found on the right side of the
table.

Metalloids: Found along a diagonal line
between metals and nonmetals.
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A metal (red), a nonmetal (blue), and a metalloid
(green) appear 1n distinct places on the periodic table

—

]

I
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Metals: 90 of the 114 elements are metals. They
appear on the left side of the periodic table.

Some common properties of metals are:

Solid at room temperature (except mercury
which is a liquid)
Good conductor of heat and electricity

Lustrous on fresh surfaces
Malleable and ductile
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Nonmetals: Appear on the right side of the periodic
table. 17 elements are nonmetals.

Eleven are gases at room temperature (H, N, O,
F, Ne, etc.).

Five are solids (C, P, S, Se, I).
One 1s a liquid (Br).

Nonmetals are poor conductors of heat and
electricity.
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Metalloids: Seven elements are metalloids. Their
properties are between those of metals and
nonmetals. Metalloids are semiconductors and are
important to the electronics industry. (a) Boron and
(b) silicon are examples of metalloids.

(a) (b)
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