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Experiencing Atoms

Atoms are incredibly small, yet they compose
everything.

Atoms are the pieces of elements.

Properties of the atoms determine the properties of the
elements.

Copyright © 2009 Pearson Prentice Hall, Inc.



Experiencing Atoms

* There are 118 elements

v’ About 91 can be found in nature.

v Over 20 have only been made in laboratories.

* Eac

v'They have different structures.

1 has its own, unique kind of atom.

v Therefore they have different properties.



The Divisibility of Matter

* Infinitely divisible
v'For any two points, there is
always a point between.
* Ultimate particle

v'Upon division, eventually a

particle is reached which can no
longer be divided.
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“Nothing exists except atoms and empty space, everything
else is opinion.” - Democritus 460-370 B.C.



Dalton’s Atomic Theory

1. Each Element is composed of tiny, indestructible
particles called atoms.

v Tiny, hard, indivisible, spheres.
2. All atoms of an element are identical.

v" They have the same mass, volume, and other physical and
chemical properties.

v So, atoms of different elements are different.

v

Every carbon atom is identical to every other carbon
atom.

» They have the same chemical and physical properties.

v However, carbon atoms are different from sulfur atoms.
»  They have different chemical and physical properties.



Dalton’s Atomic Theory

3. Atoms combine in simple, whole-number
ratios to form molecules of compounds.

v Because atoms are unbreakable, they must
combine as whole atoms.

v" The nature of the atom determines the ratios in
which it combines.

v" Each molecule of a compound contains the exact
same types and numbers of atoms.

» Law of Constant Composition
» Chemical formulas



Modern Evidence for Atoms
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Sizes of Atoms

Using compositions of compounds and
assumed formulas, Dalton was able to
determine the relative masses of the atoms.

v'Dalton based his scale on H = 1 amu.

»We now base it on C-12 = 12 amu exactly.

v'Unit = atomic mass unit.
» Amu or dalton.

Absolute sizes of atoms:
¥'Mass of H atom= 1.67 x 10™ g,

v'Volume of H atom = 2.1 x 10% cm’.



Some Notes on Charges

T}?ere are t\ﬁ/odkmd§ pf ; 0 > «=Q

C arg.es’ calle p osltive an Positive (red) and negative (yellow)
ne gathe . charges attract.
Opposite charges attract. )

v’ + attracted to —. N \) 0 >
Like charges repel. - J -
¥ + repels +. P o ™

v’ _ repels —.
To be neutral, something 0 " Jane 9 J
1+ + 1- = 0

must have no charge or equal N |
. Positive and negative charges cancel.
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The Atom Is Divisible

* Work done by J. J. Thomson and others proved
that the atom had pieces called electrons.

* Thomson found that electrons are much smaller
than atoms and carry a negative charge.

v The mass of the electron is 1/1836" the mass of a
hydrogen atom.

v'The charge on the electron is the fundamental unit
of charge that we call —1 charge unit.
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Thomson’s Interpretation—
The Plum Pudding Model

Takes the place of Dalton’s first statement.
1. The atom is breakable.

2. The atom’s structure has electrons suspended in a
positively charged electric field.

v" It must have a positive charge to balance a negative
charge of electrons.

v" Because there was no experimental evidence of
positive matter, Thomson assumed there must be
positive energy.
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Predictions of the
Plum Pudding Model

The mass of the atom is due to the mass of the
electrons.

There must be a lot of empty space in the
atom.

v" Since the electrons are negative, it is assumed you

must keep them apart so they will not repel each
other.
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Plum Pudding Atom

Electron

Sphere of positive
charge
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Rutherford’s Experiment

* How can you prove something is empty?
* Put something through it.

v Use large target atoms.
»Use very thin sheets of target so they do not absorb “bullet”.

v'Use very small particles as “bullet” with very high
energy.
»But not so small that electrons will effect it.
* Bullet = alpha particles; target atoms = gold foil
v« particles have a mass of 4 amu & charge of +2 c.u.

v’ Gold has a mass of 197 amu and is very malleable.
14



Rutherford’s Experiment

Alpha particles
Radioactive striking screen
sample ' #
\
Lead box Fluorescen
Gold screen

foil
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Rutherford’s Results

* Over 98% of the a particles went straight
through.

* About 2% of the o particles went through,
but were deflected by large angles.

* About 0.01% of the o particles bounced off
the gold foil.

v'«_.As if you fired a 15”-canon shell at a piece
of tissue paper and it came back and hit you.”
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Rutherford’s Conclusions

* Atoms are mostly empty space.

v'Because almost all the particles went straight through.

* Atom contains a dense particle that was small in
volume, compared to the atom, but large in mass.

v'Because of the few particles that bounced back.

* This dense particle was positively charged.

v'Because of the large deflections of some of the
particles.
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Plum Pudding

Atom
| a If atom was like
i R a plum pudding,
0 ——— ~ all the o particles
L should go
e straight through.
Very few of the
. particles Nuclear Atom

do not go through:
. Most a particles

0 .
\‘ , go straight through.

0
0
\ Some o particles

go through, but are deflected.
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Rutherford’s Interpretation—
The Nuclear Model

The atom contains a tiny dense center called the nucleus.

v" The amount of space taken by the nucleus is only about
trillionth the volume of the atom.

1/10

The nucleus has essentially the entire mass of the atom.
v’ The electrons weigh so little they contribute practically no mass

to the atom.
The nucleus is positively charged.

v The amount of positive charge balances the negative charge of

the electrons.

The electrons are dispersed in the empty space of the atom

surrounding the nucleus.
v Like water droplets in a cloud.
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Structure of the Nucleus

* Rutherford proposed that the nucleus had a particle that
had the same amount of charge as an electron but
opposite sign.

v Based on measurements of the nuclear charge of the elements.

* These particles are called protons.

v Protons have a charge of +1 c.u. and a mass of 1 amu.

* Since protons and electrons have the same amount of
charge, for the atom to be neutral, there must be equal
numbers of protons and electrons.
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Some Problems

* How could beryllium have 4 protons stuck
together in the nucleus?

v'Shouldn’t they repel each other?

* If a beryllium atom has 4 protons, then it
should weigh 4 amu, but it actually weighs 9.01
amu! Where is the extra mass coming from?

v"Each proton weighs 1 amu.

v'Remember: The electron’s mass is only about
0.00055 amu and Be has only 4 electrons—it can’t
account for the extra 5 amu of mass.

21



There Must Be Something Else There

* To answer these questions, Rutherford
proposed that there was another particle in the
nucleus—it is called a neutron.

* Neutrons have no charge and a mass of 1 amu.

v'The masses of the proton and neutron are both
approximately 1 amu.
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The Modern Atom

We know atoms are composed of
three main pieces—protons,
neutrons, and electrons.

The nucleus contains protons and

2 Nucleus @ Proton
neutro n S o / @ Neutron

The nucleus is only about 10 cm
in diameter.

Electrons

The electrons move outsidethe = T
nucleus with an average distance
of about 10” cm.

v’ Therefore, the radius of the atom is

about 10° times larger than the radius

of the nucleus. ’s



The Nature of Electrical Charge

Electrical charge is a fundamental property
of protons and electrons.

Positively and negatively charged objects
attract each other.

Like charged objects repel each other.
Y+ to+, or-to-.

When a proton and electron are paired, the
result is a neutral charge.

v'Because they have equal amounts of charge.
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Maintaining and Restoring
Charge Balance

Negative charge buildup
T ¥ N N W W W W N W

Charge equalization
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Subatomic Mass Mass Location Charge Symbol

particle (g) (amu) inmatom (c.u.)

Proton 1.67262x 10** 1.0073  nucleus 1+ p,p,H

Electron 9.1x 10*°®  0.00055 empty 1- e, e
space
Neutron 1.67493x 10** 1.0087 nucleus 0 n, n’
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Practice—An Atom Has 20 Protons.
Determine if Each of the Following
Statements Is True or False?

* If it is a neutral atom, it will have
20 electrons.

* If it also has 20 neutrons, its mass
will be approximately 40 amu.

* If it has 18 electrons, it will have
a net 2- charge.
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Mendeleev | #

Ordered elements by atomic mass.

Saw a repeating pattern of properties.

Periodic law—When the elements are arranged in
order of increasing relative mass, certain sets of
properties recur periodically?

Used pattern to predict properties of undiscovered
elements.

Where atomic mass order did not fit other

properties, he reordered by other properties.
Y Te &I
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Periodic Pattern

H,0
a/b
H
1 H,
Li,0 BeOpm B,0, CO,Jhm N,O, O,
Li b Be a/b B a C a N a O F
7 LigP BeH.f1(BH)|12 CHl4 NH j16 HO[19 HF
Na,OJn  MgOfn ALO.bmw/m SiO, PO, SO, [nm CLO,
Nab Mg b Al a/b Si a a S a Cl a
23 NaHP4 MgH,p7 (AIH P8 SiH, B1  PHB2 H.S 135.5 HC

a = acidic oxide, b = basic oxide, a/b = amphoteric oxide
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Elements

Each element has a unique number of protons in its
nucleus.
v" All carbon atoms have 6 protons in their nuclei.

The number of protons in the nucleus of an atom is called
the atomic number.
v’ Z is the short-hand designation for the atomic number.

v Because each element’s atoms have a unique number of protons,
each element can be identified by its atomic number.

v The elements are arranged on the Periodic Table in order of their
atomic numbers.

Each element has a unique name and symbol.

v The symbol is either one or two letters
» One capital letter or one capital letter + one lower case letter.
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The Periodic Table of Elements

Atomi b Sk
14 121.75
Si antimony
Element symbol | 2s0
silicon
Atomic| s 18
196.97
old 2
mass . 3A  4A| 5A/ 6A  7A | He
4.00
13 14\ 15 16 A7 | Ao
R i 6 7 8 9 10
2 Li Be C o F Ne
6.94 9.01 10.81 12.01 14/01 16.00 19.00 20.18
lithium beryllium boro carbon nitbgen oxygen fluorine neon
1 12 13 14 5 16 17 18
3 a Mg 3B 4B 5B 6B 7B — 8B 1B 2B Al Si P S cl Ar
2.99 24.31 26.98 28.09 0.97 32.07 35.45 39.95
0 sodium |magnesium 4 5 6 7 8 9 10 1 1 ]‘2 aluminum silic pHosphorus|  sulfu chlorine argon
o} 19 20 21 22 23 24 25 26 27 8 29 30 31 33 35 36
ie] 4 K C Sc Ti \% Cr Mn Fe Co i Cu Zn Ga Ge As Br Kr
3 39.10 08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58\69 63.55 65.39 69.72 72.61 7492 79.90 83.80
fant potassium alcium scandium | titanium | vanadium | chromium | manganese iron cobalt nickel copper zine gallium | germaniumll arsenic bromine krypton
37 38 39 40 41 42 43 44 45 4 47 48 49 50 51 53 54
5| Rb Sr Y Zr Nb Mo Tc Ru Rh P Ag Cd In Sn Sb I Xe
85.47 87.62 88.91 91.22 9291 95.94 (99) 101.07 10291 106.4 107.87 112.41 114.82 118.71 121.75 126.90 131.29
rubidium | strontium | yttrium | zirconium | niobium jmolybdenuny technetium | ruthenium | rhodium | palladiul silver cadmium indium tin antimony iodine Xenon
55 56 57 72 73 74 75 76 77 78 79 30 81 82 83 34 85 86
6 Cs Ba La Hf Ta \44 Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132.91 137.33 138.91 178.49 180.95 183.85 186.21 190.2 192.22 195.08 196.97 200.59 204.38 207.2 208.98 (209) (210) (222)
cesium barium | lanthanum | hafnium | tantalum | tungsten | rhenium osmium iridium platinum gold mercury thallium lead bismuth | polonium J| astatine radon
87 88 89 104 105 106 107 108 109 110 111 112 114 116
7 Fr Ra Ac Rf Db Sg Bh Hs Mt
(223) (226) (227) (261) (262) (263) (262) (265) (266) (269) (272) (277) (285) (289)
francium radium actinium |rutherfordium| dubnium | seaborgium | bohrium hassium |meitnerium
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Review

What is the atomic number of boron, B?

What is the atomic mass of silicon, Si?

How many protons does a chlorine atom have?

How many electrons does a neutral neon atom have?

Will an atom with 6 protons, 6 neutrons, and 6 electrons
be electrically neutral?

Will an atom with 27 protons, 32 neutrons, and 27
electrons be electrically neutral?

Will an Na atom with 10 electrons be electrically neutral?

32



Periodicity

= Metal
.= Metalloid
-= Nonmetal
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Metals

Solids at room temperature, except Hg.
Reflective surface.

v" Shiny
Conduct heat.
Conduct electricity.
Malleable.

v’ Can be shaped.
Ductile.

v’ Drawn or pulled into wires.
Lose electrons and form cations in reactions.
About 75% of the elements are metals.
Lower left on the table.

Copyright © 2009 Pearson Prentice Hall, Inc.
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Nonmetals

Found in all 3 states.

Poor conductors of heat.

Poor conductors of electricity.
Solids are brittle.

(Gain electrons in reactions to
become anions.

Upper right on the table.
‘/Except H.

Copyright © 2009 Pearson Prentice Hall, Inc.
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Metalloids

* Show some
properties of metals
and some of
nonmetals.

* Also known as

semiconductors. Properties of Silicon:
‘/Shiny
v"Conducts electricity
v Does not conduct heat well

v Brittle

36



Practice—Classify Each Element as Metal,
Nonmetal, or Metalloid.

Xenon, Xe
Tungsten, W
Bromine, Br
Arsenic, As

Cerium, Ce
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The Modern Periodic Table

Elements with similar chemical and physical
properties are in the same column.

Columns are called Groups or Families.

‘/Designated by a number
Rows are called Periods.

Each period shows the pattern of properties
repeated in the next period.
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The Modern Periodic Table,
Continued

* Main group = representative elements

 Transition elements
v’ All metals.

 Bottom rows = inner transition elements = rare
earth elements.

v Metals
v'Really belong in periods 6 and 7.

39



= Alkali metals = Halogens

= Alkali earth metals = Lanthanides
.= Noble gases . = Actinides

= Transition metals

T T
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Important Groups—Hydrogen

Nonmetal.

Colorless, diatomic gas.
v Very low melting point and density.

Reacts with nonmetals to form molecular
compounds.

v'HCl is an acidic gas.
v'H,0 is a liquid.

Reacts with metals to form hydrides.
v’ Metal hydrides react with water to form H,.

hydrogen halides dissolve in water to form acids.

41



Important Groups—
Alkall MEtaIS Alkali metals

Group 1 = Alkali metals.
Hydrogen is usually placed here,
though it doesn’t belong.
Soft, low melting points, low density.
Flame tests: Li = red, Na = yellow, and
K = violet.
Very reactive, never found uncombined
in nature.
Tend to form water soluble compounds
that are crystallized from seawater then
molten salt electrolyzed.

» Colorless solutions.
React with water to form basic

(alkaline) solutions and H,: | T
2Na+2H,0-> 2NaOH + H, B

Copyright © 2006 Pearsn Pré;:tic II, Inc.
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Important Groups—Alkali Earth Metals

Alkaline Earth Metals

Group 2 = Alkali earth metals. R

Harder, higher melting, and denser than
alkali metals.

v Mg alloys used as structural
materials.

Flame tests: Ca = red, Sr = red, and Ba
= yellow-green.

Reactive, but less than corresponding
alkali metal.

Form stable, insoluble oxides from
which they are normally extracted.

Oxides are basic = alkaline earth.

Reactivity with water to form H,:

Be = none, Mg = steam, Ca, Sr, Ba =
cold water.
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Important Groups—Halogens

Halogens
Group 17 = Halogens. |
Nonmetals.

F, and Cl, gases, Br, liquid, and 1,
solid.

All diatomic.
Very reactive.

Cl, and Br, react slowly with water:
Br, + H,O - HBr + HOBr

React with metals to form ionic
compounds.

hydrogen halides all acids:
v HF weak < HCI < HBr < HIL.
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Important Groups—Noble Gases

Group 18 = Noble gases.

All gases at room temperature.

v Very low melting and boiling
points.

Very unreactive, practically
inert.

Very hard to remove electron
from or give an electron to.

Noble gases

Copyright © 2009 Pearson Prentice Hall, Inc.
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Charged Atoms

* The number of protons determines the element.
v' All sodium atoms have 11 protons in the nucleus.
* In a chemical change, the number of protons in
the nucleus of the atom doesn’t change.
v'No transmutation during a chemical change!!

v During radioactive and nuclear changes, atoms do
transmute.

* Atoms in a compound are often electrically
charged, these are called ions.

46



Ions

Atoms acquire a charge by gaining or losing electrons.
v Not protons!

Ion charge = # protons — # electrons.

Ions with a positive charge are called cations.
v More protons than electrons.
v Form by losing electrons.

Ions with a negative charge are called anions.
v’ More electrons than protons.
v Form by gaining electrons.

Chemically, ions are much different than the neutral
atoms.

v Because they have a different structure.
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Atomic Structures of Ions

Nonmetals form anions.

For each negative charge, the ion has 1 more electron
than the neutral atom.

VF= 9p*and9e;F =9prand10e-.

YP=15p and15e; P =15p*and 18-
Anions are named by changing the ending of the name
to —ide.
fluorine F+le>F fluoride ion

oxygen O+2e—0 oxide ion

The charge on an anion can often be determined from
the group number on the periodic table.

v Group 17 = 1-, Group 16 = 2-.
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Atomic Structures of Ions,
Continued

Metals form cations.

For each positive charge the ion has 1 less electron than
the neutral atom.

v'Na atom = 11 p*and 11 e;; Na*ion = 11 p*and 10 e..

v’ Ca atom = 20 p*and 20 e;; Ca® ion = 20 p*and 18e".
Cations are named the same as the metal.
sodium Na — Na + le sodium ion

° 2+ ° °
calcium Ca—Ca +2e calcium ion

The charge on a cation can often be determined from the
group number on the periodic table.

‘/Group 1 = 1+, Group 2 = 2+, (Al, Ga, In) = 3+.
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Example 4.5—Find the Number of Protons

and Electrons in Ca’*.
Given: | ;"
Find: # p+, # o
\ P
Solution Map: svmbol :>[ atomic #pt # o
_symbol | SO el st p Jef #e
Relationships: ion charge = #p* — #e~
Solution: 7 =20 = #p* ion charge = #p* — #e~
+2 =20 — #e~
—18 = — #e”
18 = #e™
Check: | For cations, p* > e, so the answer is reasonable.




Practice—Fill in the Table.

Ion P e
cl’
K"
S-z

Sr*
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Valence Electrons and Ion Charge

* The highest energy electrons in an atom are called the
valence electrons.

* Metals form cations by losing their valence electrons to
get the same number of electrons as the previous noble
gas.

v Main group metals.
Y Li"'=2e =He; AI* =10 € = Ne.
* Nonmetals form anions by gaining electrons to have
the same number of electrons as the next noble gas.
VCl=18¢ = Ar; Se” =36 e = K.
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Ion Charge and the Periodic
Table

The charge on an ion can often be
determined from an elements position on
the periodic table.

Metals are always positive ions, nonmetals
are negative ions.

For many main group metals, the cation
charge = the group number.

For nonmetals, the anion charge = the
group number — 8.
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1A

2A 3A 5A 6A 7A
Li* g2 N+ o | B
Na*|Mg* P11 S+ | CI
K* |Ca* Ga** AsT|Se| Brr
Rb*| Sr* In3* Ter| T
Cs*|Ba2*
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Structure of the Nucleus

* Soddy discovered that the same element could
have atoms with different masses, which he

called i1sotopes.

v'There are two isotopes of chlorine found in nature,
one that has a mass of about 35 amu and another
that weighs about 37 amu.

* The observed mass is a weighted average of the
weights of all the naturally occurring atoms.

v'The atomic mass of chlorine is 35.45 amu.
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Isotopes

All isotopes of an element are chemically
identical.

v'Undergo the exact same chemical reactions.

All isotopes of an element have the same number
of protons.

Isotopes of an element have different masses.

Isotopes of an element have different numbers of
neutrons.

Isotopes are identified by their mass numbers.
v Protons + neutrons.
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Isotopes, Continued

 Atomic Number.
v Number of protons.
v'7

e Mass Number

v' = Protons + Neutrons.
v Whole number.
v A

v Percent natural abundance = Relative amount found

in a sample.

ﬂ <

A

©%¢ ©6°

e ©
C
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1-0.27%
—9.25%

—90.48%
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Neon

Percent
Number of | Number of | A, mass |natural
Symbol protons neutrons |number |abundance
Ne-20 or ;) Ne 10 10 20 90.48%
Ne-21 or 4 Ne 10 11 21 0.27%
Ne-22 or %5 Ne 10 12 22 9.25%
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Isotopes

CI-35 makes up about 75% of chlorine atoms in
nature, and Cl-37 makes up the remaining 25%.

The average atomic mass of Cl is 35.45 amu.

CI-35 has a mass number = 35, 17 protons and 18
neutrons (35 - 17).

>Cl

Atomic symbol AV —
A = Mass number 7 X=X-A

/. = Atomic number

59



Example 4.8—How Many Protons and
Neutrons Are in an Atom of 5 CI' ?

Given:| 2 (r therefore A = 52, Z = 24
Find: #p*and # n°
Solution Map: . s >
[symbol atomic & mass |,
o numbers P
Relationships: mass number = # p* + # n°
Solution: _ _ N _ 0
/. =24=#p A=7Z+#n
52 =24 +#n’
28 =#n’
Check: For most stable isotopes, n° > p*. ©




Practice—Complete the Following Table.

Atomic Mass Number Number Number
Number Number of of of
protons electrons neutrons
Calcium-40

Carbon-13

Aluminum-27"3
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Mass Number Is Not the Same
as Atomic Mass

 The mass number refers to the number of
protons + neutrons in one isotope.

* The atomic mass is an experimental number
determined from all naturally occurring
1sotopes.

v" The atomic mass on the periodic table is a weighted
average of the atomic masses of an isotope taking into
account their natural abundance
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Ga-69 with Mass 68.9256 Amu
and Abundance of 60.11% and Ga-
71 with Mass 70.9247 Amu and
Abundance of 39.89%. Calculate
the Atomic Mass of Gallium.
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If Copper Is 69.17% Cu-63 with a
Mass of 62.9396 Amu and the Rest
Cu-65 with a Mass of 64.9278
Amu, Find Copper’s Atomic Mass.
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If Copper Is 69.17% Cu-63 with a
Mass of 62.9396 Amu and the Rest
Cu-65 with a Mass of 64.9278 Amu,
Find Copper’s Atomic Mass,
Continued.
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