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What are atoms??

e Atoms are tiny units that determine the
properties of all matter.

e They are what make an aluminum can easy
to crush, hydrogen gas flammable, silver

shiny, copper wire bendable, and diamonds
so hard.
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Atomic Structure

Atoms are all around you. They make up the
alr you are breathing, the chair you are sitting
In, and the clothes you are wearing. This
book, including this page you are reading, IS
also made of atoms.




No: Democritus
nen: 400 B.C.
nere: Greece

nat: Matter could not be divided into
smaller and smaller pieces forever,
eventually-the smallest possible piece would
be obtained. This piece would be indivisible.

He named the smallest piece of matter
“atomos, ° meani ng “not t ¢

———————————
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Ancient Philosophy |

Who: Aristotle

When: 350 B.C.
e \Where: Greece

W

nat: Aristotle favored the earth, fire, air and
water approach to the nature of matter. His
theory, even though it was wrong, held
because his reputation.




no: John Dalton

nen: 1803 :
nere: England

nat:

Described atoms as tiny particles that could not be divided.
Thought each element was made of its own kind of atom.
Atoms cannot be created or destroyed.

In chemical reactions, atoms are combined, separated and
rearranged.

5. Atoms combine to form compounds.

e
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Di
no: J. J. Thompson

nen: 1897
nere: England
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nat. Thompson discovered that

electrons were smaller particles of an atom
and were negatively charged.

 He proposed a model of the atom that is Model of an Atom
somet i mes Plam Huadmg” t h
model.

« Atoms were made from a positively
charged substance with negatively
charged electrons scattered about, like

The Plum Pudding




Who: Ernest Rutherford
e When: 1911
Where: New Zealand, Chemist

« What: Conducted an experiment to isolate
the positive particles in an atom. Decided
that the atoms were mostly empty space, but
had a dense central core.

*Rut herford’s experi me

stream of tiny positively charged particles at
3 thin sheet of gold foil (2000 atoms thick

— po—

—.



Rut herfordos Gol d Fc¢

—Mostof the positively charg
through the gold atoms in the sheet of gold foil without
changing course at all.

—Someof the positively charc
bounce away from the gold sheet as if they had hit
something solid. He knew that positive charges repel
positive charges.
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__Atomic Structure
no: Niels Bohr

nen: 1913

nere: English (Danish)

natt According to Bohr'
electrons move In definite orbits around the
nucleus, much like planets circle the sun.
These orbits, or energy levels, are located at

certain distances from the nucleus.
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Atomic Structure

 Who: Schrodinger /Heisenberg
e Wnen:Lat e 1920 s
 \What: Electron Cloud Model

 Electrons travel around the nucleus in random orbits.
« Scientists cannot predict where they will be at any given moment.

s Electrons travel so fast, they aprt¢
nucleus.
» Location of electrons depends upon how much enerqgy the electron has.

« Depending on their energy they are locked into a certain area in the
cloud.

» Electrons with the lowest energy are found in the energy level closest to
the nucleus

» Electrons with the highest energy are found in the outermost energy
levels, farther from the nucleus.

——————————







The Wave Model

« According to the theory of wave mechanics, electrons do not

move about an atom in a definite path, like the planets
around the sun.

e |n fact, it is impossible to determine the exact location of an
electron. The probable location of an electron I1s based on
how much enerqgy the electron has.

« According to the modern atomic model, at atom has a small
positively charged nucleus surrounded by a large region in

which there are enough electrons to make an atom neutral.




Atomic Structure

no: Chadwick

nen: 1932

nere: English Physicist W P
nat: Confirmed the existence of neutrons ‘
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Atoms and_ihe

Periodic Table




What makes up an Atom?

e Subatomic Particles:
— Protons
— Neutrons
— Electrons

e Center of the Atom
— Nucleus:_p_rotons and neutrons are here

e Qutside the Center
— Electron Cloud: electrons are here

S




Atom Facts

e Subatomic Particles have charges:
— Protons = positive (+)
— Neutrons = neutral, no charge
— Electrons = negative (-)

e Qverall, Atoms do NOT have a charge

— The number of protons and electrons are always
the same in an atom before they are combined
with something else; chemical reaction.

S —




ATOMS DO NOT HAVE A CHARGE!

Simplified models of Helium atom

i Neutron
Proton e \
“‘.\\\ Nucleus /,/"/ Electron \ Cloud of
: 5 negative

charge (2 e's)

) ~rataie — D (L AddA~Ad 1t D) alactraone — 2 () - total — O charae
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Electrons are Special

—_ onding.

* Electrons are what gives something their
properties

e Electrons are found In different energy
levels
— First level holds = 2 electrons
— Second level holds = 8 electrons
— Third level-holds = 8 electrons

**Electrons found in the outer most
energy level are called valence

electrons and they are involved In




Electron Energy Levels and

How Many Electrons Each Can Hold!
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A Guided Tour of
the Periodic Table
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Historic Periodic Tables
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Oxveen

Hydrogen

symbols (1808):

OO OO0 d O OO

Mitrogen
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Carbon

Sulphur

Phosphorus
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Copper
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Barium
(Barytes)

Calcium

Magnesium
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Stromtium
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Platinum Silver
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Bismuth Antimony
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Beryllium  Zirconium



Joho Newlands' *Law of Octaves’. 1505
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Cyclical Continmzm of Elemental Properties
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Mendeleev's Tables of 1869 and 1871

Ueber die Beziehungen der Eigenschaften zu den Atomgewichten
der Elemente. Von D. Mendelejeff. — Ordnet man Elemente nach
zunehmenden Atomgewichten in verticale Reihen so, dass die Horizontal-
reihen analoge Elemente enthalten, wieder nach zunehmendem Atomge-
wicht geordnet, so erhiilt man folgende Zusammenstellung, aus der sich
einige allgemeinere Folgerungen ableiten lassen.

Y ==51 Nbh == 94 Ta— 182

Cr=—>52 Mo— 96 W =186
Mn =55 Rh = 104,4 Pt=197,4

+ Fe o= 56 Ru == 104,14 Ir = 198

Ni = Co =59 Pd = 106,6 Os==199

H=1 Cu=634 Ag=108 Hg = 200
B=—=11 Al=274 ? a= 6S Ur=116 A== 1977

C=12 St e 28 ?2="T0 Sne= 118

N == 14 Pl As =175 Sh == 122 Bi = 210"
Q=16 S a=32 St ==79,4  "Te —=128"7

F=—=19 Cl=2355 DBr«=80 J =127

Li= 7 Na =23 K =39 Rb = 83,4 Cs = 133 T'] === 204
Ca == 10 SY = 87,6 Ba — 137 Pb = 207
7 e 45 Ce = 92
7Er =56 La == 94
Yt == G0 Di=—295
Mn==75,6 Th=1187
T AWy



Dobereiner's triads Known to Mendeleev Unknown to Mendeleey
H
1.01
He Li Be B C N 0 F
400 | 694 | 901 | 108 | 120 | 140 | 160 | 190
Ne | Na M% Al Si P S Cl
202 | 230 | 24 270 | 281 | 310 | 321 | 355
Ar K Ca | Sc Ti '} Cr| Mn| Fe | Co | Ni
400 | 391 | 401 | 450 | 479 | 509 520 549| 559 | 589 | 587
Cu| Zn| Ga| Ge| As| Se | Br
635| 654| 697 726] 749| 790 | 799
Kr | Rb | Sr Y Zr | Nb Mol Te| Ru | Rh | Pd
838 | 855 | 876 | 889 | 912 | 929 959 (99 101 | 103 | 106
A% Cd In Sn| Sb| Te I
10 112 | 115 19| 122 128 | 127
Xe | Ce | Ba | La Hf | Ta W| Rel Os | Ir Pt
131 133 | 137 | 139 179 | 181 184 180 194 | 192 | 195
Au| H Ti Pb Bi | Po At
197 | 20 204 | 207 209 (210) | (210)
Rn | Fr | Ra | Ac | Th | Pa U
(222) | (223) | (226) | (227) | 232 | (231) | 238




5 Molecule Man's E)!Llr'rifi.-:. il
: Periodic TLHE of TLE Elll-r-ihfs
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Alkali Matals " Transition Matals Qthar Metals
Alkaling Matals Nonmatals Moble Gases



Organization of the Periodic Table

e The table groups similar elements together

e This makes It easier to predict the properties
of an element based on Its position Iin the
table.

 Elements are placed in order of how many
protons they have, Atomic Number, because
similarities In their properties will occur in a
regular pattern.




hydrogen

. Hydrogen has one //z\\
“protonsoitisthe T

first element. [

helium/_\ \\\_-/
 Helium has 2 7 N\

protons so it s the # ~ -~
-

second element.

RR— \\\/ sodium E
E //,—‘—\\
& ~e
« Sodium has 11 - ,.,'//?.;, ee

electrons so itisthe .




COLUNMNS

e Col umns are call ed “C

* We will look at the 8 main Groups;
Group number determines the number
of valence electrons.

* Elements in the same Group have
similar properties
« Example: Lithium, Li and Sodium, Na

are both soft, silvery, metals, that are
highly reactive to water.

S —
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ROWS

e Rows are <cal-ltherdare Per |

— The Period or row # indicates how many energy
levels those elements have.

— Elements in the same Period DO NOT have
similar properties.

— Example: Sodium, Na - soft, silver,metal,that is
highly reactive to water is very different than
Argon, Ar - gas.




ROWS ARE CALLED “ PERI ODS” I

|A

"1 Periodic Table

3
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Some Atoms Form lons

e Atoms that do not have their outermost
energy levels filled are called Reactive.

 Reactive atoms may GAIN or LOSE
valence electrons to create a filled
energy level - making an ION!

el on’s are “charged?’

——

have a(+) charge or a (-) charge.

e



Examples of lons

Sodium, Na has 1 valence electron so it
will LOSE it.

If you lose an electron that has a (-)
charge, you become.....

Chlorine, Cl has 7 valence electrons so it
will GAIN one.

If you gain an electron that has a (-)
charge, you Hiercome....
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How Do The Structures of Atoms Differ??

o Atoms of different elements have their own
very unigue structure.

« Because of these different structures, they
have different properties.

e We will look at the Atomic nhumber and the
Mass numier.




Atomic # = # of Protons

e The atomic number, which is found in the

periodic table represents the # of Protons In
that element.

 Because atoms are always neutral, that also

means that the atomic number tells you the #
of electrons.

e # of Protons = # Electrons = Atomic #

e




Exampl es é é.

 Uranium has an Atomic # =92
— Protons = 92
— Electrons = 92

e Sodium has an Atomic # = 11

— Protons =11
_ Electrons = 11

g



Mass Number

 Mass Number represents the mass of the
element. Electrons have such a small mass,
that 1t doesn’t reall
that have real mass are the protons and
neutrons, both of which are located in the
nucleus. —

e Mass Number = # Protons + # Neutrons




Exampl es é é.

e Mass Number = # Protons + # Neutrons

e Flourine has a mass # = 19

— Element # 9 so it has 9 Protons ; Atomic #1s 9
— So it has 10 Neutrons — Why??
— Mass # - Protons = Neutrons 19-9 =10

e Carbonhasamass# =12, atomic# =6

— How many Neutrons??
e 12 - 6 = 6 neutrons!




More Exampl es éc

e Mass Number = # Protons + # Neutrons

e Chlorine has 17 protons
— How many electrons does it have?
¢ 17
e Chlorine has 18 neutrons

— What Is its-mass number?
e 35

—————————



And More Exampl e

e Mass Number = # Protons + # Neutrons

e Titanium has 22 electrons

— How many protons does it have?
¢ 22

e Titanium has a mass number = 47

— How many neutrons does it have?
¢ 47 - 22 =25




e

FAMILIES OF
'ELEMENTS
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How are Elements Classified?
 Think of elements as being a part of families
that are related to nearby elements.

* We classify elements as either METALS,
NONMETALS, or SEMI-CONDUCTORS.

SO ——
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METALS

On the left side of the periodic table

Shiny
Solid
Malleable

Good Cono

uctors of heat and electricity




METALSécee

Aluminium

l Cast Iron
<N /

Bronze ¥  giiel
Metal Sludge




NONMETALS

* On the right side of the periodie-table

o Solids, liquids, or gases

« Solids tend to be dull and brittle

* Poor conductors of heat and electricity

- ~



NONMETAL Séé .

et

Sulfur Crystal




SEMI-CONDUCTORS

 On the zig-zag of the periodigtable
e Metals and non-metals

e Six Elements: Boron Silicon,
Germanium, Arsenic, Antimony and
Tellurio—

e Some conduct we | | |, S
* Also called, METALLIODS



Ene

CONDUCT ORS

ilum

German

Antimony




SPECIFIC FAMILIES/GROUPS

e Elements are found in columns-and these
are called families or groups.

 Elements In the same family have similar
properties.

eLet’ s di scuss the f ol

« Alkali metais;-Alkaline Earth metals,
Transition Metals, Halogens, and Noble
Gases

SO ——



Alkali Metals

 Group #1 —

« All elements have 1 valence electron
 Forms Positive (+1) lons

* Very reactive, soft, shiny, metals

« Not found.in.nature by themselves, always
combined with something else.



k al 1| Met al s é
Lithium

Rubidium

Copyright © 2004 Theodore W. Gray



Alkaline Earth Metals

e Group #2 —

* All elements have 2 valence electrons
 Forms Positive (+2) lons

e Not as reactive as Alkali metals

« Found in Limestone and Marble

e Very strong, used in construction, also found in
medicines; Milk of Magnesia, Epson Salt

e ———————



kal 1 ne Eart h

Beryllium

Strontium

Magnesium



Transition Metals

o Group #3-12 us
» Less Reactive than Alkali and Alkaline Earth
elements but still can form positive ions.

e Good conductors of heat and electricity
« Malleable=7an be shaped

e Often found in jewelry because they are very
shiny, used in wiring, light bulbs, and mercury Is
the only metal that-is-naturally-a liquid. a—







Halogens

e Group #17 or #/ =

» All elements have 7 valence electrons
 Forms Negative (-1) lons

e Solids, liquids, and gases

 Chlorine kills_bacteria, Fluorine used in

toothpaste, iodine Is needed in your diet for
your thyroid gland to function




Hal ogenseee

Bromine, Br

Chlorine, CI

lodine, |



Noble Gases

e

 Group #18 or #8

e All elements have 8 valence electrons - or
full energy levels

 All non reactive gases

e Used inneon lights and regular light bulbs,
and used for filling balloons, etc.




Nobl e Gaseseée

Neon, Ne —

Xenon, Xe




—

Balancing Chemical
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Chemical Equation

 Chemical equations describe reactions.

 Chemical equations use chemical formulas
and symbols to show the reactants and
products.

o Example—==
—Zn + 2HCI ZnCl; + H-




Chemical Equation Parts

« Reactants e Products
— Substance(s) that — Substance(s) that
STARTS the END or are made In
chemical equation. the chemical
— Substances on the equation
LEFT side of the — Substances on the
arrow. RIGHT side of the
arrow.

e ———————



Reactant and Product

e 2Na + Cl2 éihagll &=
Reactants Product
>
e 6CO2 + 6H20 CsH1206 + 602
Reactants Products
>
e Ss+ 80 ' 8S0O:2 + heat
Reactants Products
>




Why Balance Equations??

By balancing chemical equatiens, we are
able to prove that mass Is always conserved!

 Mass can not be created or destroyed.




How to Balance an Equation

e The total number of atoms for each element
must be the same on both sides of the arrow.

« We CAN NOT change the subscript, small
number placed at the bottom left side of
elements_and/or formulas.

« We CAN change the coefficient, the big

number placed in front of an element and/or
formula

et



Coefficients - Can be changed!
e 2Na + Cl 2NaCl—

| 'w

= 6C02 + 6H20 CesH1206 + 602

I |
—————————

SO ——



“SUBSCripts - Can Notbe
G ELELL
e 2Na + Cl2 2NaCl

e 6CO2 + 6H20 CeH1206 + 602

o
»




How the Math Works

o Coefficient x subscript = total atems

o Coefficient numbers apply to all elements In
the formula.

e Must use distributive property when
parentheses () are present.

e ———————



Example

CHas + O2 COz2 + H20

1 Carbon on left, 1 Carbon on the right

4 Hydrogen on left, 2 Hydrogen on right

2 Oxygen on left, 3 Oxygen on right

**Not balanced, so we must add Coefficients to balance
CHs + 202 CO:2 + 2H20

Balanced!!




Types of Reactions

e —

 Decomposition — Hgo - Hg + O,

« SingleReplacement —
— Only one element switched places







 Chemical reactions can happen-at different
speeds; different rates.

e The following are factors that affect the rate
of chemical reactions:
— Temperature
— Surface Area_
— Concentration
— Pressure
— Catalyst — i




Temperature

* Most reactions go faster at higher
temperatures.

 The hotter a substance gets, the faster the
atoms move, making the chance of collisions
happening-higher so the reaction then
OCcCurs. |

 Example: Food cooks faster at higher heat.

- ~



Surface Area

e The more surface area there is,-the more
atoms there are being exposed to the
reaction.

 Example: Boiling a whole potato will take
longer than.if you cut the potato up into

smaller pieces.



Concentration

 The higher concentration, the higher chance
atoms will collide and cause the reaction to
OCCuUr.

 Example: a few drops of bleach In the
washer compared to ¥2 a bottle.




Pressure

« Gases react faster at higher pressure
because there is less room to move so there
are more collisions happening.




Catalyst

o Catalysts are substances that are added to
the reaction that can slow them down or
speed them up.

 Example: Enzymes are biological catalysts
that are found in our bodies. Amylase
breaks dowmn starch, Lipase breaks down fat,
and Protease breaks down proteins.




