
AP Chemistry
Zumdahl Ch 2
Atoms, Molecules, and Ions
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Law of Conservation of 
Mass

!Discovered by Antoine Lavoisier 
late 1700’s.

!Mass is neither created nor 
destroyed

!Combustion involves oxygen, not 
phlogiston
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kg kg

Law of Conservation of Mass 
(cont)
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Dalton’s Atomic Theory (1808)

" Each element is made up of tiny particles 
called atoms.

# The atoms of a given element are 
identical; the atoms of different elements are 
different in some fundamental way or ways.

Atoms of Element X Atoms of Element Y
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Dalton’s Atomic Theory
(continued)

$ Chemical compounds are formed when atoms 
combine with each other.  A given compound always has 
the same relative numbers and types of atoms.

Compound of Elements X and Y



Dalton’s Atomic Theory
(continued)

% Chemical reactions involve reorganization of the 
atoms - changes in the way they are bound together.  
The atoms themselves are not changed in a chemical 
reaction.



Avogadro’s Hypothesis 

• 5 liters of Argon

• 5 liters of Xenon

• Same number of particles!

At the same temperature and 

pressure, equal volumes of 

different gases contain the 

same number of particles.

Say the 5 L of Xenon has a mass 3.3x that of the Ar.  What might 

that tell you about the mass of individual Ar atoms vs. Xe atoms?
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Early Experiments to 
Characterize the Atom

& J. J. Thomson - postulated the existence 
of  electrons, the first sub-atomic 
particles, using cathode ray tubes.
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J.J. Thomson’s Cathode Ray Expt
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Charge to Mass Ratio (e/me)



Thomson’s Model of the Atom

Known: electrons 

are negatively 

charged but atoms 

are neutral.  And 

like charges repel.  

So…

Model called plum pudding, raisin bun, watermellon seed, etc.



Millikan Oil Drop Expt
Determines the charge of the e-
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Early Experiments to 
Characterize the Atom 

& Ernest Rutherford 



Rutherford Discovers 2 Types of Particles

NS

Po

Detection Screen

~8000x heavierlighter

opposite charge +2-1

a particleb particle

e- He nucleus



Radioactivity

• Alpha particle

• ! = 2 p+ and 2 n0 = one He nucleus

• Beta particle

• " = an electron = a “cathode ray”

• Gamma ray

• # = high-energy light

Rutherford coined the terms
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Rutherford’s Gold Foil Expt



What Rutherford 
Expected vs. Found

& Rutherford’s model: planetary model - atoms contain a 
dense nucleus and electrons travel around the nucleus at a 
“large” distance.  Atom is mostly empty space.  



The Modern View of 
Atomic Structure

The atom contains:

Particle Abbrev. Mass(kg) Charge

Electron

Proton

Neutron

e- 9.1x10-31 -1

p+ 1.67x10-27 +1

no 1.67x10-27 0

About 

1800x 

lighter
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The Chemists’ Shorthand:  Atomic 
Symbols - Isotopes of Sodium

 $  Element Symbol
Mass number  %

Atomic number %
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Chemists’ Shorthand for Chemical 
Symbols

K
39

19
Atomic Number = 19

Mass Number = 39

# p+ = 19
# n0 = 20
# e- = 19

+

18



Periodic Table 

of the Elements



Chemical Symbols

abbreviations for the names of the 

elements

the first letter is always capitalized  

O, Al, C, Cl, H, He…….
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An element’s position on the 

periodic gives indications of its 

various physical and chemical 

properties



Main groups

group numbers indentified by suffix A



Main group metals

Alkali metals Alkaline earth metals



Nonmetals

Halogens Noble gases



transition metals
Lanthanides



transition metals
LanthanidesActinides
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The Periodic Table
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Ions

Cation:  A positive ion

Magnesium ion:  Mg % Mg2+ + 2e- 

Polyatomic cation ammonium: NH4
+

Anion:  A negative ion

Chloride ion:  Cl + e- % Cl-

Polyatomic anion sulfate: SO4
2&

Demo: Li, Na
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Ions and the Periodic Table
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Naming Common Monatomic Cations, Anions

(cation names same as element)

(monatomic anion names 
end in -ide)
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Polyatomic Ions
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Ionic Bonding
Ionic Bonding:  Force of attraction between 

oppositely charged ions.
Sodium, Na(s) Chlorine, Cl2(g) sodium chloride, NaCl(s)

Demo: MgO, CaS
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Naming Compounds

Type I:  when cations have only one possible charge.

1.  Cation first, then anion, eg. CaCl2

a.  Monatomic cation = name of the element

Ca2+ = calcium ion

b.  Monatomic anion   =   root  +  -ide

Cl&  =  chloride

CaCl2  =  calcium chloride

Type I Binary Ionic Compounds:
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Naming Compounds
(continued)

! Type II: metal forms more than one cation

! use Roman numeral for metal to specify its charge

Example: PbCl2

The charge on Cl is always: _____

The lead ion can be +2 or +4.  To make the compound 
neutral, the charge on Pb must be: _____

So the cation is _____

PbCl2 = lead        chloride

Binary Ionic Compounds (Type II):

-1

+2

Pb2+

(II)
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Naming Ionic Compounds

Al2O3 aluminum oxide

BaSO4 barium sulfate

CoCl3 cobalt(III) chloride

CoCl2 cobalt(II) chloride
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Naming Compounds (continued)

! Compounds between two nonmetals

! First element in the formula is named first.

! Second element is named as if it were an anion.

! Use prefixes mono, di, tri, etc.

!Never use mono prefix for first element

Examples:  P2O5  =  diphosphorus pentoxide

CO = carbon monoxide

Binary compounds (Type III):
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Naming Type III 
Compounds

N2O dinitrogen monoxide

NO2 nitrogen dioxide

N2O4 dinitrogen tetroxide

H2O dihydrogen monoxide
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ate

ite

ate

ite
ate

ate

Anion

Suffix
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ide

Anion
Suffix

ide

ide
ide
ide
ide


