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Learning Objectives

After completing this chapter, you should be able to:

« Describe the classification and structure of matter.

=« Understand the difference among solutions,
suspensions, and emulsions.

= Explain how a physical change differs from a chemical

change.

= List the properties of matter.
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Chapter 8

INTRODUCTION

Scientists refer to chemistry as the “Central Science” because it is essential to the
study of all other sciences. Although you may not think so, chemistry is just as es-
sential to hairstyling. None of the services performed in today’s salon would be
possible without chemistry.

Wet sets, thermal styling, permanent waving, and chemical hair relaxing
rely on breaking and reforming the hair’s side bonds with heat and chemicals
(Chapter 13, Permanent Waving). All haircoloring services rely on chemicals.
Chemical reactions develop the dye in oxidation haircolors and make it possible
to lighten natural hair color (Chapter 12, Haircoloring). Maintaining healthy
hair, skin, and scalp wouldn’t be possible without the chemistry of shampoos and
conditioners and there would be far fewer styling options without some type of set-
ting lotion or hairspray (Chapter 10, Shampoos, Conditioners, and Styling Aids).

CHEMISTRY

Chemistry is the science of the structure and properties of matter and the changes
it undergoes. There are two main branches of chemistry: organic chemistry and
inorganic chemistry.

Organic Chemistry

Organic chemistry is the study of substances that contain the element carbon. Al
things that are, or ever were, alive contain carbon. You have probably heard the
term organic incorrectly used to imply natural. That is a common mistake because
of the association between the term organic and living, but organic does not mean
natural. The term organic only means that the substance contains the element car-
bon. Most organic substances will burn. Plants, animals, gasoline, motor oil and
plastics are all organic substances.

Inorganic Chemistry

Inorganic chemistry is the study of substances that do not contain carbon. Inor-
ganic substances are not, and never were, alive. Inorganic substances will not
burn. Metals, minerals, and ammonia are inorganic substances. The water we
drink and the air we breathe are also inorganic. Inorganic does not mean unnat-
ural or unhealthy.

MATTER

Matter is anything that has volume (occupies space) and mass (weight). Anything
that you can see, touch, taste, and smell is matter. Although we can see visible
light, color, and electric sparks, they are all forms of energy. Energy is not matter
because it doesn’t occupy space or have mass.
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Elements

Elements are substances that cannot be separated into simpler substances by
chemical means. There are 109 different elements known today and each has its
own distinctive physical and chemical properties (Figs. 8-1 and 8-2). About 90 of
the 109 elements occur naturally. The remaining elements have only been pro-
duced by artificial means. All the matter in the universe is made from these one
hundred and nine different elements.

Atoms

Atoms are the basic building blocks of all matter. All matter is composed of
atoms. An atom is the smallest particle of an element that retains the properties
of that element. Atoms are the smallest units of matter and cannot be divided
into simpler substances by chemical means. The word atom is derived from the
Greek word atomos, which means indivisible.

Atoms are the structural units of the elements that makeup matter. The
atoms of each element are different in structure from the atoms of all other ele-
ments. The structural differences of the 109 different atoms account for the 109
different elements and their properties.

Atoms can be compared to the letters of the alphabet (e.g., A, B, C, D).
Each of the 26 letters in the English alphabet has a different structure that makes

—— Periodic Table of the Elements s-block
& crow [ Alkali metals [ semimetals Group
Too7ea Atomic mass —(12.0111 [ Awkaline earth metals ~ [[] Nonmetals %0260

Symbol C [ Transition elements ] Noble gases He
Atomic number ~ - 2
15 —6 [ other metals P gtmk 15
Electron _ 1s225°2p? P
configuration
1 2 13 14 15 16 17 18
o1 Sonz1e - block 1061 T2l 140067 159994 | 1899403 [ 20179
H — blocl
| Li | Be | 1| B | C| N|O|F]|Ne
T Transition
15°2s' 15725 15°252p" 15°25p" 152529 15°25°2p" 1525°2° 15°25°2p°
[2208077 [26305 | 2696154 | 280855 3097376 3206 asa | 30048
;| Na | Mg Al | Si B S Cl | Ar
13
[Nej3s* [Nej3s’. 3 4 5 6 7 8 9 10 11 12 epsssp | mepss'sy | vepas'as | vejas'ap’ | nejas'sp’ | vejas’ap”
300083 4008 T P S0oals  [stese  [sigwmo  [ssear  [sesamz  [seee CTT I ) 69.72 7259 749216 | 7896 79000 |38
B Ca| Sc | Ti V [Cr|Mn|Fe |[Co [N |Cu|2Zn|Ga|Ge| As | Se | Br | Kr
30 31
pus' | mgas | pasatas’ | pgsas | s | pagsdias’ | psas |pasdas | mnsa'as |paseast | agsdas’ | anad®as | mpsaassp' | s ass | psasan’ | s asa | pssasa | mpsaasap
85.4678 87.62 88.9059 91.224 92.9064 95.94 (98) 101.07 102.906 106.42 107.868 11241 114.82 11871 12175 127.60 126.905 131.29
s| Rb [ Sr Y Zr [Nb [ Mo | Tc | Ru | Rh [ Pd [ Ag | Cd | In Sn | Sb | Te | Xe
48 49
s’ |wase | poud'ss |ppad'ss | pod'ss | woactss’ | ass | ouarss' | waadtss’ | popadss® | gad®ss’ | aad®ss | poudsssy' | pegadsss | pouaesss” | pepaasssp | paasstss | s ssss
132005 [ 13733 17849 [18094  [18385  [186207  [190.2 e i e e[ [eoco [ [ @22)
s/ Cs | Ba |La-Lu| Hf | Ta | W [ Re | Os | Ir Pt | Au H(g TI | Pb | Bi | Po | At [ Rn
8 81
pejes’ | peejos” peegar s | pejar“sares’| pejar“safas| pepr ‘s | e s | rejar“seros | peear s’ | et s | et Jelatse’eses|
(223) 226.025 (261) (262) (263) (262) (265) (2667)
.| Fr | Ra [Ac-Lr{Ung*|Unp [Unh [ Uns |Uno | Une | | | | | | | | |
5 ! ! ! ! ! ! | | 1
[Rnj7s" [Rn]7s” S S S S S S S SR
Mass numbers in parentheses are those of
the most stable or most common isotope.
- - f—block
N [ Lanthanoid Series I
e temati " 14012 140.908 14424 [(245) 150.36 151.96 157.25 158.025 16250 164.930 167.26 168.934 17304 174.967
*The systematic names anc
symbols for elements of Ce | Pr |Nd [Pm| Sm| Eu | Gd Dy | Ho | Er | Tm | Yb | Lu
atomic number greater than ~ 65 66
e by N P P T P (77 B (77 B 737N [ (7SS [T [ S (=7 (=R [
1UPAC. Th | Pa | U Np [ Pu| Am| Cm Es | Fm No | Lr
~ 97 98

Actinoid Series

Figure 8-1 Periodic table of the 109 known elements.



Element Symbol  Number Element Symbol Number
Hydrogen H 1 Barium Ba 56
Helium He 2 Lanthanum La 57
Lithium Li 3 Cerium Ce 58
Beryllium Be 4 Praseodymium Pr 59
Boron B 5 Neodymium Nd 60
Carbon © 6 Promethium Pm 61
Nitrogen N 7 Samarium Sm 62
Oxygen (0] 8 Europium Eu 63
Fluoride F 9 Gadolinium Gd 64
Neon Ne 10 Terbium Th 65
Sodium Na 11 Dysprosium Dy 66
Magnesium Mg 12 Holmium Ho 67
Aluminum Al 13 Erbium Er 68
Silicon Si 14 Thulium Tm 69
Phosphorus B 15 Ytterbium Yb 70
Sulfur S 16 Lutetium Lu 71
Chlorine Cl 17 Hafnium Hf 72
Argon Ar 18 Tantalum Ta 73
Potassium K 19 Tungsten W 74
Calcium Ca 20 Thenium Re 75
Scandium Sc 21 Osmium Os 76
Titanium Ti 22 Irdium Ir 77
Vanadium \ 23 Platinum Pt 78
Chromium Cr 24 Gold Au 79
Manganese Mn 25 Mercury Hg 80
Iron Fe 26 Thallium TI 81
Cabalt Co 27 Lead Pb 82
Nickel Ni 28 Bismuth Bi 83
Copper Cu 29 Polonium Po 84
Zinc Zn 30 Astatine At 85
Gallium Ga 31 Radon Rn 86
Germanium Ge 32 Francium Fr 87
Arsenic As 33 Radium Ra 88
Selenium Se 34 Actinium Ac 89
Bromine Br 35 Thorium Th 90
Krypton Kr 36 Protactinium Pa 91
Rubidium Rb 37 Uranium U 92
Strontium Sr 38 Neptunium Np 93
Yttrium Y 39 Plutonium Pu 94
Zirconium Zr 40 Americium Am 95
Niobium Nb 41 Curium Cm 96
Molybdenum Mo 42 Berkelium Bk 97
Technetium Tc 43 Californium Cf 98
Ruthenium Ru 44 Eisteinium Es 99
Rhodium Rh 45 Fermium Fm 100
Palladium Pd 46 Mendelevium Md 101
Silver Ag 47 Nobelium No 102
Cadmium Cd 48 Lawrencium Lr 103
Indium In 49 Rutherfordium Db 104
Tin Sn 50 Dubnium Db 105
Anitomy Sb Sill Seaborgium Sg 106
Tellurium Te 52 Bohrium Bh 107
lodine | 53 Hassium Hn 108
Xenon Xe 54 Meitnerium Mt 109
Cesium Cs 55

Figure 8-2 List of elements by atomic number.
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that letter different and identifies it. All the words in the English language are a
combination of two or more of those 26 letters. All of the great works of Ameri-
can literature were written using only 26 different letters.

MOLECULES

Just as words are made by combining letters, molecules are made by combining atoms.
Molecules are combinations of two or more atoms that are joined together chemi-
cally. The two types of molecules are: elemental molecules and compound molecules.

Elemental Molecules

Elemental molecules are chemical combinations of two or more atoms of the
same element. When all the atoms that form a molecule are the same, the mole-
cule is still an element and it is called an elemental molecule. The oxygen in the
air that we breathe is the elemental molecule O,, and the ozone in the atmos-
phere, that protects us from ultraviolet radiation, is the elemental molecule Os.
If molecules were like words in the English language, elemental molecules would
look like this; AA, BBB, or CCCC.

Compound Molecules

Compound molecules are chemical combinations of two or more atoms of different
elements. When two or more of the atoms that make a molecule are different, the
molecule is a compound and called a compound molecule. Sodium chloride
(NaCl), or common table salt, is a compound molecule that is a chemical com-
bination of one atom of sodium (Na) and one atom of chlorine (CI). If molecules
were like words in the English language, compound molecules would look like
this: AB, BAB, or CACC.

THE STATES OF MATTER

All matter exists in one of three different forms: solid, liquid, or gas. These three
different physical forms are called the states of matter. The form in which mat-
ter appears is dependent on temperature.

Like most other substances, water (H,O) can exist in all three states of mat-
ter, depending on its temperature. Ice turns to water as it melts and water turns to
steam as it boils. The form of the water is different because of a change of state,
but it is still water (H,O). It is not a different chemical. It is the same chemical
in a different form (Figs. 8-3 and 8-4).

Solids have a definite volume (size) and a definite shape. Ice is an example
of a solid. Ice has a definite size and shape. Ice is solid water (H,O) at a temper-
ature of less than 32°F/0°C.

Liquids have a definite volume but not a definite shape. Water is an exam-
ple of a liquid. Water has a definite size but does not have a definite shape. Water
is liquid water (H,O) at a temperature above 32°F/0°C and below 212°F/100°C.
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Solid Liquid Gas

Figure 8-3 The three states of matter, solid, liquid and gas.

(Reprinted with permission of PADI Americas)

Gases don't have a definite volume or a definite shape. Steam is an exam-
ple of a gas. Steam doesn’t have a definite size or a definite shape. Steam is gaseous
water (H,O) at a temperature at or above 212°F/100°C.

PHYSICAL AND CHEMICAL PROPERTIES

Every substance has a unique set of properties that allow us to identify it. These
properties of matter can be grouped into physical properties and chemical
properties.

Physical Properties

Physical properties are those characteristics that can be determined without a
chemical reaction and without a chemical change in the identity of the sub-
stance. Physical properties include color, odor, weight, density, melting point,
boiling point, and hardness. The color and weight of an object can be observed
without a chemical reaction or a chemical change in the identity of the substance.

Chemical Properties

Chemical properties are those characteristics that can only be determined with a
chemical reaction and will cause a chemical change in the identity of the sub-
stance. Chemical properties include the ability of iron to rust and wood to burn.
In both of these examples, oxidation is the chemical reaction that creates a chem-
ical change in the identity of the substance. The iron is chemically changed to
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Types Examples Definition Use in Cosmetology
TEAM ) _ _
Dy Changes of a substance Setting, finger waving,
— ‘jC/ in form from etc. Hair is softened by
JJ)J_) solid-liquid-gas state. setting agents — then
hardened into waves
P No new substance by drying.
H is formed.
v Act|on.|s easily
s &\K{{// reversible.
CI: Rate of change
b e
A is simply controlied.
L
Water is
Heating and formed by
cooling of physical
water changes.
Permanent changes with | COLD WAVING
formation of Keratin in cortex is chemically
C new substances. changed by waving solutions.
H Waves made permanent by
E Action is NOT reaction of neutralizers on
M easily reversible. changed keratin.
|
c C 1 Rate of change must BLEACHING
A be controlled by: Bleaches react with hair
L a. Temperature pigments to reduce color.
— b. Concentration
Reaction of acids Water is formed c. Time TINTING
with alkalis by chemical d. pH of solution in Reaction of developer with
(neutralization) change. contact with the hair tint bases forms tint pigments.

Figure 8-4 Physical and chemical changes. Acid-alkali neutralization.

rust and the wood is chemically changed to charcoal. The rust and charcoal are the products of the
chemical reaction. They are different chemicals with different properties.

PHYSICAL AND CHEMICAL CHANGES

Matter can be changed in two ways. Physical forces create physical changes and chemical reactions cre-
ate chemical changes (Fig. 8-4).

Physical Change

A physical change is a change in the form, or the physical properties, of a substance. A physical change
is the result of physical forces. A physical change does not involve a chemical reaction and no new chem-
icals are formed. A change of state is an example of a physical change. Solid ice undergoes a physical



96 | Chapter8

change when it melts to liquid water. This is a physical change because ice and wa-
ter are the same chemical (H,O). There is no chemical reaction and no new chem-
icals are formed.

Temporary haircolor is an example of a physical change. Temporary hair-
color changes the appearance of the hair by physically adding color molecules to
the surface of the hair. Although the hair appears to be a different color, there is
no change in the chemical structure of the hair. There is no chemical reaction
and no new chemicals are formed.

Chemical Change

A chemical change is a change in the chemical properties of a substance. A chem-
ical change is the result of a chemical reaction. The products created by a chem-
ical reaction are new chemicals. Oxidation is an example of a chemical reaction
that causes a chemical change. Iron undergoes a chemical reaction and a chemical
change when it rusts. The iron changes chemically, combining with oxygen from
the air, to produce a new substance called rust. This is a chemical change because
iron and rust are not the same chemical. This is a chemical reaction and a new
chemical is formed.

Permanent hair color is an example of a chemical change. Permanent hair-
color changes the chemical structure of the color by chemically developing the
dye and chemically adding color to the internal structure of the hair. The hair is
a different color because of changes in the chemical structure of both the dye and
the hair. This is a chemical reaction and new chemicals are formed.

PURE SUBSTANCES, COMPOUNDS, AND MIXTURES

All matter can be classified into one of two categories: either a pure chemical sub-
stance or a physical mixture (Figs. 8-5 and 8-6).

Matter
/ N\
Pure Substances Mixtures
7\
Elements Compounds Solutions Emulsions
N/
Blends of two or more make: May be separated back into:
|
Mixtures Pure Substances

Figure 8-5 Classification of Matter.
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Pure Substances

A pure substance is matter that has a fixed chemical composition, definite pro-
portions, and distinct properties. Elements and chemical compounds are the two
types of pure substances. Elemental molecules contain two or more atoms of the
same element that are united chemically. Elemental molecules are pure sub-
stances. Aluminum foil is an example of a pure substance. Aluminum foil is com-
posed only of atoms of the element aluminum. The properties of aluminum foil
are the properties of the element aluminum.

Chemical Compounds

Chemical Compounds are combinations of two or more elements united chemi-
cally with a fixed chemical composition, definite proportions, and distinct prop-
erties. Chemical compounds are the result of a chemical reaction. The elements
that are united in chemical compounds give up their own chemical identity and
properties. The properties of chemical compounds are much different than the
properties of the elements from which they were made.

Water (H,O) is a chemical compound. A water molecule is composed of two
atoms of the element hydrogen (H) and one atom of the element oxygen (O).
These proportions are definite and any other combination is not water. When
these two gases are joined together chemically they make the liquid, water. Water
is a chemical compound with different properties than the elements oxygen and
hydrogen from which it is made. Just like water, all chemical compounds are pure
substances.

Mixtures

Mixtures are combinations of two or more substances united physically, without a
fixed composition and in any proportions. Mixtures are not the result of a chemical

Elements Oxygen, a_lumlnum, gold,
sodium, etc.
| Pure
Substances
Water, ammonia, salt,
Compounds S
aspirin, etc.
All Matter —
Homogeneous Solutions of salt water,
Mixtures hydrogen peroxide, etc.
—  Mixtures
Heterogeneous Fruit salad, concrete,
Mixtures pottiing soil, etc.

Figure 8-6 Pure substances and mixtures.
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reaction. In a physical mixture, each substance retains its own identity and its
own distinct properties. The properties of mixtures are a combination of the sub-
stances from which they are made. Pure air is a mixture of gases, mostly nitrogen
and oxygen.

Fruit salad is a physical mixture of different types of fruits. Fruit salad can be
made from many different types of fruits, mixed in any proportions. Fruit salad is
a physical mixture. A chemical reaction is not involved and no new chemicals
are formed. The properties of the fruit salad are the combined properties of the
fruits in the mixture. The properties of the individual fruits are not changed; they
are just mixed together. Although collectively it’s fruit salad, we can still identify
each individual type of fruit and physically separate each one (Figs. 8-5 and 8-6).

SOLUTIONS, SUSPENSIONS, AND EMULSIONS

Solutions, suspensions, and emulsions are all mixtures of two or more different
substances. The distinction between solutions, suspensions, and emulsions is de-
pendent on the size of the particles and the solubility of the components.

Solutions

Solutions (soh-LOO-shuns) are uniform mixtures of two or more mixable sub-
stances. A solute (SOL-yoot) is any substance that is dissolved into a solvent to
form a solution. A solvent (SOL-vent) is any substance that dissolves the solute
to form a solution. If a gas or a solid is dissolved in a liquid, the gas or solid is the
solute and the liquid is the solvent. When one liquid is dissolved in another lig-
uid, the minor component is usually the solute and the major component is the
solvent.

Miscible (MI1S-eh-bel) liquids are mutually soluble. Water and alcohol are
examples of miscible (mixable) liquids. Immiscible liquids are not mutually solu-
ble. Water and oil are examples of immiscible (nonmixable) liquids. You've prob-
ably heard the saying, “oil and water don’t mix.”

Solutions contain particles the size of a small molecule that are invisible to
the naked eye. Solutions are usually transparent although they may be colored.
Solutions do not separate on standing. Salt water is a solution of a solid dissolved
in a liquid. Water is the solvent that dissolves the salt and holds it in solution.
Air, salt water, and hydrogen peroxide are examples of solutions.

Suspensions

Suspensions are uniform mixtures of two or more substances. Suspensions differ
from solutions due to the size of the particles. Suspensions contain larger particles
than solutions. The particles in a suspension are large enough to be visible to the
naked eye. Suspensions are not usually transparent and may be colored. Suspen-
sions have a tendency to separate over time.
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Oil and vinegar salad dressing is an example of a suspension with oil sus-
pended in vinegar. Salad dressing will separate on standing and should be shaken
well before use. Many of the lotions used by hairstylists are suspensions and should
be shaken or mixed well before use. Salad dressing, paint, and aerosol hair spray
are examples of suspensions.

Emulsions

Emulsions (ee-MUL-shuns) are suspensions (mixtures) of two immiscible liquids
held together by an emulsifying agent. The term emulsify means “to form an emul-
sion,” which is a suspension of one liquid dispersed in another. Although emulsions
have a tendency to separate over time, a properly formulated emulsion, that is stored
correctly, should be stable for at least three years. Without adequate dispersion, emul-
sions can become unstable and break (separate) into two insoluble layers.

Mayonnaise is an oil-in-water emulsion of two immiscible liquids. Al-
though oil and water are immiscible, the egg yolk in mayonnaise emulsifies the
oil droplets and disperses them uniformly in the water. Without the egg yolk as
an emulsifying agent, the oil and water would separate into two insoluble layers.
Mayonnaise should not separate on standing. Many of the lotions and creams
used by hairstylists are emulsions. Mayonnaise, cold cream, shampoos, and con-
ditioners are examples of emulsions. Emulsions will be covered in more detail in
Chapter 10, Shampoos, Conditioners, and Styling Aids.

RevVIEW QUESTIONS

. Define the word chemical.
. List the three states of matter.
. What is the difference between an emulsion and a suspension?

A W N -

. How do compounds differ from elements? How do atoms differ from
molecules?

DiscussioN QUESTIONS

1. Make a list of organic substances that are poisonous.
2. Make a list of inorganic substances that are healthy.

3. An increase in temperature causes ice to melt. What is heat? Why does
adding heat make ice melt?



