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	1. 21	
Chapter 4 Atoms  and Elements
John Dalton’s Atomic Theory
1. Each element is composed of tiny indestructible particles called atoms.
2. All atoms of a given element have the same mass and other properties that distinguish them from the
atoms of other elements.
3. Atoms combine in simple, whole-number ratios to form compounds.
J.J. Thomson (1856 - 1940)
•Discovered electrons
Electron
• negatively charged (-1 charge)
• much smaller and lighter than atoms (1/1836th the mass of a hydrogen atom
• uniformly present in many different substances.
*Thomson proposes plum pudding model to explain the structure of the atom
Plum Pudding Model
• Replaces Daltons first statement - the atom is breakable
• The structure of the atom:
• Electrons suspended in a positively charged electric field.
• Positive charge necessary to balance negative electrons.
• There was no experimental evidece of positive matter, so Thomson assumed there must be
positive energy.
• The mass of the atom is due to the mass of the electrons
• Electrons in the atom repel each other; there must be a lot of empty space in the atom.
	
	
	
electron
sphere of positive energy
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Earnest Rutherford (1871-  1937)
Goal: prove the atom has a lot of empty space
Did he prove this?________________
Nuclear Theory of the Atom (Rutherford)
• Most of mass in nucleus. Positive charge (protons) in nucleus.
• Most of volume is empty space occupied by electrons outside nucleus.
• Number of electrons equals protons.
Neutrons – neutral particles contained in nucleus
The Modern Atom
• We know atoms are composed of three main pieces - protons, neutrons and electrons
• The nucleus contains protons and neutrons
• The nucleus is only about 10-13
cm in diameter
• The electrons move outside the nucleus with an average distance of about 10-8
cm
à the radius of the atom is about 100,000 times larger than the radius of the nucleus
• Atoms are neutral in charge, so the number of protons = the number of electrons
Atomic Number = Z = number of protons
Ex:
element Z # p # e-
C
Fe
Cu
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Periodic Table Workshop
1.  What is the atomic number of boron, B?
2. What is the atomic mass of silicon, Si?
3. How many protons does a chlorine atom have? How many electrons?
4. How many electrons does a neutral neon atom have?
5. Will an atom with 6 protons, 6 neutrons and 6 electrons be electrically neutral?
6. Will an atom with 27 protons, 32 neutrons and 27 electrons be electrically neutral?
7. Will a Na atom with 10 electrons be electrically neutral?
8. What is the charge of a Lithium atom with two electrons?
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Dmitri Mendeleev
• order  elements by atomic mass
• noticed 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
Element Classification
Metals: Shiny, ductile, malleable, conductors of heat and electricity
ex:
Non-metals: dull, poor conductors of heat and electricity
ex:
Metalloids (semiconductors): properties of metals and non-metals
ex:
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Ions: Atoms with  a charge
Cations:
• Ions with a positive charge
• Metals lose one or more electron to form a cation
K à K+
+ 1 e-
potassium
atom
potassium
cation
1 e-
no charge +1 charge
19 p 19 p
19 e-
18 e-
Mg à Mg2+
+ 2 e-
magnesium
atom
magnesium cation
___ e-
___ charge ___ charge
___ p ___ p
___ e-
___ e-
Anions:
• Ions with a negative charge
• Non-metals gain one or more electron to form a anion
F + 1 e- à F-
fluorine atom
1 e-
fluoride anion
no charge - 1 charge
9 p 9 p
9 e-
10 e-
S + 2 e- à S2-
________atom __________anion
____charge ______ charge
____ p ____ p
____e-
____ e-
____ e-
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Preferred Charge of  Monatomic Ions:
• IA = Alkali Metals:_________
• IIA = Alkali Earth Metals: _________
• VIIA = Halogens: _________
• VIIIA = Noble Gases: _________
• Others?
What charge do the following atoms prefer to form? Do they form cations or anions?
Element Charge Cation or Anion?
1. Na
2. Be
3. Cl
4. F
5. N
6. O
7. Al
8. Zn
9. Ag
10. In
 


	7. 27	
Isotopes = Atoms  with the same number of protons, but different number of neutrons.
•Most elements have isotopes, with own unique percent natural abundance.
Mass Number (A)
The number of protons plus neutrons
A = p + n
Isotopes have different mass numbers
Isotope Symbol: X-A (i.e. Ne-20, Ne-21, Ne-22) OR
What is the mass number of an atom with 12 protons, 12 electrons, and 13 neutrons? Write the isotope
symbol.
A = ____ Isotope Symbol = __________ OR _____________
(Electrons are not included in the mass number.)
Practice Problem: Cobalt-60 (for cancer radiation treatment)
How many protons and neutrons does Co-60 have?
Z
A
X
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ATOMIC MASS
The weighted  average of the masses of the naturally occurring isotopes of that element.
Atomic Mass = (abundance 1)(mass 1) + (abundance 2)(mass 2) + …
Express abundance in decimal form à 72.11% = 0.7211
Example 1:
Calculate the atomic mass of copper given the following:
Isotope % Abundance Exact Atomic Mass
Cu-63 69.17% 62.9395 amu
Cu-65 30.83% 64.9278 amu
Example 2:
(a) Silver has two naturally occurring isotopes (Ag-107 and Ag-109). If the natural abundance of Ag-107
is 51.84 %, what is the natural abundance of Ag-109?
(b) If the mass of Ag-107 is 106.905, what is the mass of Ag-109?
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Chapter 4 Workshop
1.What  is the charge on an electron? _____________
2.What is the charge on a pronon? _____________
3.What is the charge on a neutron? _____________
4.Which has the greatest mass? e-
, p, or n? _____________
5.How many protons are in a silver atom? _____________
6.Which of the following is a metalloid?
aluminum silicon tin phosphorus iodine
7.What family does strontium belong? _____________
8.How many electrons are in a bromine ion? _____________
9.How many e-
, p, and n are in an iron (III) ion, 56
Fe3+
?
10.What is the symbol for an ion having 15 protons and 18 electrons? _____________
11.The nucleus of a flourine–19 atom contains how many protons and neutrons?
12.Which element would have a similar reaction in water as potassium?
calcium argon iron sodium carbon
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Chapter 5 Molecules  and Compounds
atomic elements = elements whose particles are single atoms
molecular elements = elements whose particles are multi-atom molecules
There are 7 common diatomic elements; H2, N2, O2, F2, Cl2, Br2, I2
molecular compounds = compounds whose particles are molecules made of only nonmetals
2 or more non-metals, smallest unit is a molecule
ionic compounds = compounds whose particles are cations and anions
Metals + nonmetals
No individual molecular units, instead have a 3-dimensional array of cations and anions
mad of formula units
Molecular View of Elements and Compounds
Practice Problem: Classifying the following
1. aluminum, Al =
2. aluminum chloride, AlCl3 =
3. chlorine, Cl2 =
4. acetone, C3H6O =
5. carbon monoxide, CO =
6. cobalt, Co
	
!
Pure
substances
Elements
Atomic Molecular
Compounds
Molecular
2 or more
nonmetals
Ionic
metal +
nonmetal
Ex: Ex:
Ex: Ex:
Fe
Al
Zn
Hg
H2, N2, F2, O2
I2, Cl2, Br2,
S8
P4
one chemical symbol
= 2 or more elements co
CO2
H2O
CH4
NH3
NaCl
MgBr
Fe(NO3)2
element, atomic
compound, ionic
elements (Cl2)
molecular element
compound, molecular
compound, molecular
atomic element
 


	11. Formula-to-Name Flow Chart
Examples  Chemical Formula Name
Ionic Type 1
Ionic Type 1I
Molecular
Binary Acid
Oxyacid
Ionic
metal + nonmetal	
Molecular
2 or more
nonmetals	
Acids
H + one or more
nonmetal	
Type 1
metal forms one
type of ion only	
Type 2
metal forms more
than one type of ion 	
name of
cation
(metal)	
base name of
anion* (nonmetal)
+ -ide	
name of
cation
(metal)	
base name of
anion* (nonmetal)
+ -ide	
charge of cation (metal)
in roman numerals in
parentheses	
prefix	 name of
1st
element	
prefix	 Base name
of 2nd
element +
ide
element	
Binary
2 element	
Oxyacid
Contains oxygen	
-ate	 -ite	
base name
of oxyanion
+ -ic	
acid	
base name
of oxyanion
+ - ous	
acid	
base name
of nonmetal
+ - ic	
acid	
hydro	
Subscript Prefixes for
Molecular Compounds
1 = mono-;
not used on first nonmetal
2 = di-
3 = tri-
4 = tetra-
5 = penta-
6 = hexa-
7 = hepta-
8 = octa-
drop last “a” if name begins
with vowel
Common Names
H2O = water, steam, ice
NH3 = ammonia
CH4 = methane
NaCl = table salt
C12H22O11 = table sugar
*Polyatomic ions. Write the entire
name. Do not change anything!
Zn 2+
Al3+
Cu+
Cu2+
A2+, Na +,
Mg+
K2S
Zn(C2H3O2)2
potassium sulfide K+ S-
Zinc acetate. Zn2+ C2H3O2-
C2H32O-
CrO
Ni2SO4
Chromium(II) oxide Cr 2+O2-
nickle (I) sulfate Ni+ SO4^2-
CO2
Co
P2Cl5
Carbon dioxide
carbon monoxide
diphosphorus pentachloride
HCl(aq)
HF(aq)
Hydrochloric acid
Hydrofluoric acid
NHO3(aq)
HNO2(aq)
hitric acid
hitrous acid
Fe2+
Fe3+
ex:NaCl= sodium chloride
MgBr2= Magnesium bromide
Text
ex: FeCl3 = iron(III)chloride
CuF2= copper (II) fluoride
k+ S2-
K+
K2S
Cr^3+ O2-
Cr2O3 = chromiuum (III) oxiide
hitric acid=HNO3 NO3- = nitrate
hitrous acid =HNO2 NO2- = hirtite
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MONATOMIC IONS TO  MEMORIZE
Common Monotomic Anions
Nonmetal Symbol
Base
Name
Anion
Name
Fluorine F-
fluor fluoride
Chlorine Cl-
chlor chloride
Bromine Br-
brom bromide
Iodine I-
iod iodide
Oxygen O2-
ox oxide
Sulfur S2-
sulf sulfide
Nitrogen N3-
nitr nitride
Phosphorus P3-
phosph phosphide
Common Metals that Form Cations with
Different Charges
Metal Ion Name
*Older
Name (you
are not
responsible
for
memorizing
these)
Chromium Cr2+
chromium(II) chromous
Cr3+
chromium(III) chromic
Iron Fe2+
iron(II) ferrous
Fe3+
iron(III) ferric
Cobalt Co2+
cobalt(II) cobaltous
Co3+
cobalt(III) cobaltic
Copper Cu+
copper(I) cuprous
Cu2+
copper(II) cupric
Tin Sn2+
tin(II) stannous
Sn4+
tin(IV) stannic
Mercury Hg2
2+ mercury(I) mercurous
Hg2+
mercury(II) mercuric
Lead Pb2+
lead(II) plumbous
Pb4+
lead(IV) plumbic
Type 1 Metals
Ion Name
Li+
lithium
Na+ sodium
K+
potassium
Rb+
rubidium
Cs+
cesium
Be2+
beryllium
Mg2+
magnesium
Ca2+
calcium
Sr2+
strontium
Ba2+
barium
Al3+
aluminum
Zn2+
zinc
Ag+
silver
Ga3+
gallium
In3+
indium
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POLYATOMIC IONS TO  MEMORIZE
Ion Charge Name Alt. Name
Cr2O7
2-
-2 dichromate
CrO4
2-
-2 chromate
MnO4
-
-1 permanganate
CO3
2-
-2 carbonate
HCO3
-
-1
hydrogen
carbonate bicarbonate
C2H3O2
-
-1 acetate
NO2
-
-1 nitrite
NO3
-
-1 nitrate
PO3
3-
-3 phosphite
PO4
3-
-3 phosphate
HPO4
2-
-2
hydrogen
phosphate
H2PO4
-
-1
dihydrogen
phosphate
SO3
2-
-2 sulfite
HSO3
-
-1
hydrogen
sulfite bisulfite
SO4
2-
-2 sulfate
HSO4
-
-1
hydrogen
sulfate bisulfate
BrO-
-1 hypobromite
BrO2
-
-1 bromite
BrO3
-
-1 bromate
BrO4
-
-1 perbromate
ClO-
-1 hypochlorite
ClO2
-
-1 chlorite
ClO3
-
-1 chlorate
ClO4
-
-1 perchlorate
IO-
-1 hypoiodite
IO2
-
-1 iodite
IO3
-
-1 iodate
IO4
-
-1 periodate
OH-
-1 hydroxide
CN-
-1 cyanide
O2
2-
-2 peroxide
NH4
+
+1 ammonium
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Ionic Compound Formula  Writing Workshop
Write the ionic compound formed from the following ions
Li+
Mg2+
NH4
+
Al3+
Na+
Ba2+
K+
Ca2+
Br-
Ex:
LiBr
SO4
2-
OH-
F-
O2-
NO3
-
Ex:
Mg(NO3)2
PO4
3-
Cl-
S2-
I-
CO3
2-
Text Text Text Text Text Text Text
Text Text Text Text Text Text Text Text
Text Text Text Text Text Text Text Text
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Ionic Compounds Nomenclature  Workshop
Compound Cation
symbol
Type I or
II metal?
Cation name Anion
symbol
Anion Name Compound Name
NaCl Na+
I sodium Cl-
chloride Sodium chloride
Fe(NO3)2 Fe2+
II iron (II) NO3
-
nitrate iron (II) nitrate
AlCl3
Be2C
Sn(C2H3O2)2
MgO2
CaHPO4
K2SO4
NiS
Au2S
CrPO4
Ca3N2
CaCO3
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Acid Nomenclature Workshop
Acid  Binary
or
Oxyacid?
Anion Anion
name
Acid Name
HBr(aq) Binary Br-
bromide hydrobromic acid
HClO4 (aq) Oxyacid ClO4
-
perchlorate perchloric acid
HCl(aq)
HNO2(aq)
H3PO4(aq)
H2CO3(aq)
HNO3(aq)
H2SO3(aq)
HIO3(aq)
HI(aq)
HC2H3O2(aq)
HF (aq)
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Formula Writing: Acids  Workshop
Name Anion Name Anion Formula Chemical formula of acid
perbromic
acid
perbromate BrO4
-
HBrO4 (aq)
hydrofluoric
acid
flouride F -
HF(aq)
chlorous acid
sulfuric acid
chloric acid
perchloric
acid
phosphoric
acid
nitrous acid
nitric acid
permanganic
acid
carbonic acid
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Nomenclature Workshop: 1)  Provide the systematic name for each of the following:
HBr (aq) N2O5
HClO (aq) NaClO2
HClO2 (aq) (NH4)2SO3
HNO2 (aq) Fe2(CO3)3
H2S SO2
H2SO3 (aq) MgBr2
Na2S AgCl
K2O P4O6
Mn(SO4) Sn(SO4)2
PbI4 NH4ClO4
hydro bromic acid dihydrogen pentaoxide
Hypochlorous acid sodium chlorite
Chlorous acid ammonium sulfate
iron(III)carbonate
Nitrous acid
dihydrogen sulfide sulfite
sulfurous acid magnesium bromide
sodium sulfide silver chloride
potassium oxide phosphorus trioxide
manganese(II)sulfate tin(IV)sulfate
lead(IV)iodide ammonium perchlorate
 


	19. 39	
2) Provide the  chemical formula for each of the following:
perchloric acid zinc nitrate
sulfurous acid cobalt (II) hydrogen carbonate
cadmium (II) iodide copper (II) sulfate
hydrofluoric acid tetraphosphorus hexasulfide
carbonic acid silver phosphide
tin (II) phosphate sodium sulfite
ammonium hydroxide barium sulfate
magnesium phosphate nitrogen dioxide
disulfur dichloride calcium hydrogen phosphate
nitrous acid nitric acid
HCl4(aq) Zn(NO3)2
H2SO3 Co(HCO3)2
CdI2 CuSO4
HF(aq) P4S6
H2CO3(aq) Ag3p
Sn3(PO4)2 Na2SO3
NH₄OH BaSO4
Mg3(PO4)2 NO₂
S2Cl2 CaHPO4
HNO2 HNO₃
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