
Announcements 

 

Chapter 1: 1.7, 1.8. 1.9, 1.27, 1.31, 1.35, 1.39, *1.43, 1.55, 1.59, 
1.65, *1.67, 1.69*

Chapter 2: 2.17, 2.19, 2.25, 2.46, 2.85, 2.89, *2.95, 2.99, 2.101, 
2.103, *2.105*

Chapter 3: *3.7,* 3.11, 3.13, 3.15, 3.17, 3.19,  3.26, 3.29, 
3.34,3.36,3.38, 3.42, *3.45,* 3.52, *3.56*, 3.62, 3.64, 3.66, 3.72, 
3.74, 3.82, 3.88,*****3.93, 3.95, 3.97, 3.99, 3.101,3.114, 3.118, 
3.119*

Chapter 4: 4.11, 4.13, 4.15, 4.17(except b), *4.19, 4.21, 4.32, 4.46, 
4.50,4.52*

 
Common homework assignment for all sections that will be gone over at recitation.  

  
 



Recitation Schedule

 

Cluster 1: MAC and ECE (Section B/E/F)
Tuesday 5-6 PM
SEC A 116 A (55 students)
SEC A 124 A (55 students)

Cluster 2: Bio and Life Science (Section C/D)
Wednesday 5-6 PM
C-109 (80 students)

Cluster 3: Health Science (Section J/K/L)
Thursday 5-6 PM
CTC-102 (80 students)
CTC-103 (40 students)

Cluster 4: Psychology (Section G/H/I) 
Friday 3:30-4:30
SEC B 201 A (80 students)
SEC C 201 A (80 students)



 
1. Little history Dalton’s Atomic Theory and the 

structure of the atom 

2. Modern Atomic Theory and Years of 
Observation and Experimentation 

3.  Atomic Number, Mass Number, and Isotopes 

4.  The Periodic Table 

5.  Molecules/Compounds/Chemical formulas

6. Naming ionic and covalent compounds

Learning Goals: Chapter 2
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Centuries of investigation brought about 
undeniable observations (laws) about matter.    

-400BC: Democritus:  “matter is made of tiny 
indivisible particles, called "atomos"

1789: Lavoisier--the mass of substances before and 
after a chemical reaction the same:  "The Law of 
Conservation Mass."  >17 elements known

1799:  Proust--different samples of the same 
compound contain the same elements in the same 
proportion by mass = “The Law of Constant 
Composition”

1800: Dalton--When atoms combined to form 
compounds they do so in ratio of whole numbers. 
“The Law of Constant Composition”



Law of Conservation of Mass: there is no change in 
mass when a chemical reaction occurs in a closed 
system (no matter escapes).  

reactant 1     +       reactant 2 product

total mass total mass=

Macroscopic View

calcium oxide     +       carbon dioxide calcium carbonate
        CaO             +                 CO2 CaCO3

      56.08g          +              44.00g   100.08g

1 Ca Atom  + 1 O Atom + 1 C Atom + 2 O Atom 
1 Ca Atom + 
1 C Atom + 3 
O Atom



8 X2Y16 X 8 Y+

# and mass of reactant atoms  = # and mass atoms of products

The Law Conservation of Mass forms the basis for 
“balanced chemical equations” in chemistry. 
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Calcium carbonate = CaCO3 

Analysis by Mass
(grams/20.0g)

Mass Fraction
(parts/1.00 part)

Percent by Mass
(parts/100 parts)

8.0 g calcium
2.4 g carbon
9.6 g oxygen 

20.0 g

40% calcium
12% carbon
48% oxygen 

100% by mass

0.40 calcium
0.12 carbon
0.48 oxygen 

1.00 part by mass

H2O (Philippines) = H2O (Alaska) = H2O (South Pole)

The Law of Constant Composition says that a pure 
compound is composed of the same elements in the 
same fraction by mass no matter where that compound 
originates. 



Example: Carbon Oxides A & B

Carbon Oxide I  : 57.1% oxygen and 42.9% carbon
Carbon Oxide II : 72.7% oxygen and 27.3% carbon

Assume 100 g of each compound.  

g O

g C
= 

57.1

42.9
= 1.33

= 
g O

g C

72.7

27.3
= 2.66

2.66 g O/g C in II

1.33 g O/g C in I

2

1
=

g C = 42.9 g for oxide I & 27.3 g for oxide II

g O = 57.1 g for oxide I & 72.7 g for oxide II

Law of Multiple Proportion says that atoms are 
discrete whole numbered entities (not fractional) and 
react with other atoms in whole numbers.  



Problem Example
Nitrogen and hydrogen form many compounds, some of 
which involve other elements as well. The mass of hydrogen 
that combines with 1.00 g of nitrogen to form three of these 
compounds are: urea, 0.1428 g; ammonia, 0.0714 g; 
ammonium chloride, 0.2857 g. Show that this data is 
consistent with the Law of Multiple Proportions.

Compound Chemical 
Formula

Mass Ratio 
H:N Ratio to 0.0714

Urea CONH2 0.1428 2:1

Ammonia NH3 0.0714 1:1

Ammonium 
Chloride NH4Cl 0.2857 4:1



Assume that the mixture of substances in drawing (a) 
undergoes a reaction.  Which of the drawings b or c 
or d represents a product mixture consistent with the 
law of mass conservation?



If red and blue spheres represent atoms of different 
elements, which two of the following drawings illustrate 
the law of multiple proportions?



Dalton’s Atomic Theory 1803

1.  An element is composed of many unique indivisible 
particles called atoms that can not be converted to other 
atoms.

2.  Atoms of a given element have a unique and identical 
mass and behave alike in all properties.  (i.e....different 
elements have different masses because they are 
different atoms).

3.  Atoms are indestructible and retain their chemical 
identity and mass in undergoing a chemical reaction 
(conservation of mass). 

4.Chemical combination (a reaction) of elements to make 
different compounds occurs when atoms join together in 
whole-number ratios (proportions). 



Key experimental observations 
that supported Atomic Theory.





1906: J.J. Thomson discovers a “beam particles” called 
cathode rays that are determined to be negatively 
charged particles that we now know are electrons.  He 
determines the charge/mass ratio of a single electron to 
be 1.76 x 108 C/g.

• Cathode Rays are 
deflected by magnetic 
field. 

• Rays must be charged

• Rays are deflected 
towards the + plate. 

• All CRT’s display this 
property



Millikan determines charge on 
the electron = 1.60 × 10-19 C.

Knowing the charge to mass 
ratio from Thompson, 1.76 × 
108 C/g, Millikan calculates 
the mass of the electron: 9.10 
× 10-28 g.

Later with more precise 
measurements scientists 
measure the mass of the 
electron to be: 9.10939 × 10-28 
g.

1909: Milikan determines the charge of an electron to 
be 1.60 × 10-19 C and uses this value to calculate the 
the mass of an electron:  9.11 × 10-28 g 



Rutherford Finds Evidence For Nucleus and a 
positively charged center.
• 1911: Rutherford fires 

positively charged α-particles  
at a piece of gold foil.

• Most of the α-particles pass 
straight through the foil 
without deflection and are 
seen by a detector which 
surrounded the gold foil.

• Some α-particles were 
deflected at high angles 
indicating a small but real 
positively charged center in 
the foil.

• The deflected particles give 
solid proof for + charged 
center or nucleus. 

Incident 
α-particles

Atoms of 
Gold Foil

Nucleus
of Au atom



1932 Chadwick Discovers Neutron

   H atom: 1 p+  vs  He atom: 2 p+

α + 9Be 1n + 12C + energy

neutron (n) is neutral (charge = 0)

n mass ~ p mass = 1.67 x 10-24 g

It took many years however to figure out why Helium to 
hydrogen mass was 4:1 and not 2:1

mass He/mass H should = 2 but the measured 
mass He/mass H = 4



p+ and n0 in the 
nucleus and 
make up nearly 
all the mass.   

e- are located  
outside of the 
nucleus and 
account for “the 
volume” and 
chemistry of the 
atom.

Modern atomic theory: atoms have a common structure 
that consists of a central nucleus containing positively 
charged protons and neutrally charged neutrons 
surrounded by a cloud of negatively charged electrons.  

“If the atom is the Houston Astrodome, then the 
nucleus is a marble on the 50-yard line.”



Mass p+ = mass n0 = 1840 x Mass e-

The mass and charge of subatomic particles have all 
been measured and are known.  Nearly all of the atom’s 
mass is located in the nucleus, nearly all the volume is 
occupied by electrons. 



Pinheads have a diameter of about 1 mm (1.00 x 10-3 
meters).  If an atom has a diameter of 2.5 x 10-10 meters, 
then

# Atoms = 1 mm! 1 m

1000 mm
! 1 atom

2.5! 10!10 m
= 4! 106 atoms

~4,000,000 atoms are lined up side by side across 
the head of a pin. 

Head of Pin

Atoms lined up
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The Periodic Table organizes 114 elements (92 naturally 
occurring the rest man-made) according to increasing 
atomic number (# of protons).  Periodicity appears in 
members in each vertical column called a “Group”.



H
1p+

0n0

He
2p+

2n0

Li
3p+

3n0

Be
4p+

4n0

B
5p+

5n0

C
6p+

6n0

N
7p+

7n0

O
8p+

8n0

F
9p+

9n0

Ne
10p+

10n0

1e- 2e- 3e- 4e- 5e-

6e- 7e- 8e- 9e- 10e-

The Periodic Table of the Elements is a summary of number 
of protons, neutrons and electrons built up by adding a 
protons and neutrons to the nucleus and electrons outside 
the nucleus to keep the atom electronically stable. 

Nucleus (not scaled to size)!



Elements are either metals, metalloids, and nonmetals 
and show in a specific region in the periodic table. 

Cadmium

Bromine

Iodine

Metals

Non-MetalsMetalloids



Covalent compounds result from chemical reactions 
between atoms or elements of non-metals.

Cadmium

Bromine

Iodine

Metals

Non-Metals

Metalloids



An ionic compound (salt) results from the chemical 
reaction between atoms or elements of a metal 
(cation) and non-metal (anion).  

Cadmium

Bromine

Iodine

Metals

Non-Metals



Alkali Metals

Transition 
Metals

Noble Gases

Lanthanides and Actinides

Main Group

Main Group

Alkaline Earths Halogens



1A 2A 3A 4A 5A 6A 7A 8A

(1) (2) (13) (14) (15) (16) (17) (18)

H2

N2 O2 F2

P4 S8 Cl2

Se8 Br2

I2

diatomic 
molecules

tetratomic 
molecules

octatomic 
molecules

Many elements occur in nature as molecules and not as 
discrete elements as written in the Periodic Table. Know 
these molecular compounds as it prevent confusion!



Atomic Masses are 
isotopic averages and 

not the mass of a
single nucleui



Isotopes are atoms that have the same number of 
protons as their parent element, but they are found to 
have a different number of neutrons in the nucleus.

All known elements are not pure isotopes but they are 
mixtures of isotopes!



All elements exist as a mixture of isotopes (shown in red 
highlight below) not as a single pure nucleus. 



Chemists use a short-hand notation to communicate 
information about isotopes or “nuclides” of atoms. 

XA

ZAtomic 
Number

Mass 
Number Atomic 

Symbol

# p+ + # n0

# p+



Atomic Masses are 
isotopic averages and 

not the mass of a
single nuclei



Mass Number = p+ + n0

Atomic number = p+

How many neutrons, protons and electrons are in 
each of the following nuclides?

92U
238

O16
8

C12
6

Do You Understand Isotopes?



Do You Understand Nuclide Notation?
The atomic number of the element Silicon (Si) is 
14.  Si has three naturally occurring isotopes:28Si, 
29Si, and 30Si.  How many protons, neutrons, and 
electrons in each silicon isotope.

PLAN: Use the atomic number and atomic masses 
to compute. 

The atomic number of silicon is 14.  Therefore

28Si has 14p+, 14e- and 14n0 (28-14)

29Si has 14p+, 14e- and 15n0 (29-14)

30Si has 14p+, 14e- and 16n0 (30-14)


