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CHAPTER 3 – Atoms and the Periodic Table 
 

Problems: 3.6, 3.10, 3.20, 3.34, 3.57, 3.87, 3.94, 3.95, 3.98, 3.112 
 
DUE:  Monday, October 11 

 
ELEMENTS AND THE STRUCTURE OF THE ATOM 

 
Atoms are made up of subatomic particles: 
 
 electron (e–):   a negatively charged subatomic particle (charge = –1) 
    
 proton (p+):  a positively charged subatomic particle (charge = +1) 
  
 neutron (n) =  a neutral subatomic particle (charge=0) 
 
Location in the Atom 
– Protons and neutrons (shown in red and green) are  
 concentrated in the center of the atom. 

   They make up the atomic nucleus. 
 
– Electrons move around the nucleus (shown orbiting around the 

nucleus at the right). 

   The atom is mostly empty space.  

   The nucleus is like a marble in a baseball stadium!! 
 
– Protons and neutrons are bigger and have greater masses than electrons. 

 The total mass of the atom comes mainly from the protons and neutrons. 
 

Particle Symbol Location Charge Relative Mass (in amu) 

proton p+ inside nucleus +1 1.00728 ≈ 1 

neutron n inside nucleus 0 1.00867 ≈ 1 

electron e– outside nucleus –1 0.0005486 ≈ 0 

 
 

ELEMENT SYMBOLS 
 

Elements Names and Symbols 
Every element can be identified using its name, its symbol, or its atomic number.  
 
 Some names come Greek: 
 – hydrogen comes from hydro=  “water former”  H 
 – argon comes from argon=  “inactive”  Ar 
         
 Some symbols come from their Latin names: 

 – lead = plumbum  Pb           potassium= kalium  K  
 

Know the names and symbols for the first 20 elements on the Periodic Table for Exam #1.  
Given an element’s name, give the symbol, and vice versa. Spelling counts! 
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ISOTOPES 
 

Isotopes: Each element always has the same number of protons, but its number of neutrons may vary.  
     
Atoms of the same element with differing numbers of neutrons are called isotopes. 
Isotopes of the same element aren’t that different from each other. Their chemical and physical properties are slightly 
different, but not nearly so different as atoms of different elements.     
 
Isotopes are written by element name or symbol followed by the mass number: 

 carbon-12   C-12  carbon-13  C-13  carbon-14  C-14  
 
Adding or subtracting neutrons has little effect on element’s physical/chemical properties 
 
BUT adding or subtracting a proton changes an atom’s identity dramatically … it TURNS INTO A NEW ELEMENT  
 
Remember: 

 The number of protons determines the element 

 The number of neutrons determines the isotope of the element 
 
 

Atomic Notation  (sometimes called “Nuclear Symbols”):    

 

Shorthand for keeping track of protons and neutrons in the nucleus 

 
(A)  Mass number (A):  Sum of protons and neutrons in an atom 

  
(Z)  Atomic number:  Number of protons (also equal to the number of e– in a neutral atom) 

       
– Note electrons contribute almost no mass to an atom, so we always ignore its mass in calculations 
 
Ex. 1: Write the atomic notation for carbon-14.   
 
 
 
          ______ neutrons    
 
Ex. 2: Write the atomic notation for chlorine-37 below.  
 
 
 
          ______ neutrons 
 
Ex. 3: Indicate the mass number, number of protons, neutrons, and electrons in the following isotopes of carbon: 
 

Isotope of carbon mass # # of protons # of neutrons # of electrons 

carbon-12     

carbon-13     

carbon-14     

E =element symbol 
Mass number=   A 

Atomic number= Z 
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ISOTOPES AND ATOMIC WEIGHTS (or ATOMIC MASSES) 
 

Atoms are too small to weigh directly 
– e.g. one carbon atom has a mass of 1.99 x 10-23 g—too inconvenient! 

   need more convenient unit for mass 

   atomic mass unit (amu)  

 
A. ISOTOPIC MASSES 

 

The isotope Carbon-12 was chosen as the reference and given a mass value of 12 amu  
– 1 amu = 1/12 the mass of carbon-12 
– Since a carbon-12 atom weighs 1.99 x 10-23 g, one amu is 1/12 of this value  1.660 x 10-24 grams (i.e., weight of a 

proton or neutron) 
– The mass of all other atoms is measured relative to the mass of carbon-12 

 

B. ATOMIC MASSES 
 

In the “wild”, even samples of a pure element are a mixture of the different isotopes of that atom.   
– There are two naturally occurring isotopes of carbon: C-12 and C-13.  
 
The Atomic Mass of an Element is a weighted average of the mass for all the naturally occurring isotopes for that 
element. 
– More carbon exists as carbon-12 (98.89%) compared with carbon-13 (1.11%), so the atomic mass reported for 

carbon (12.01 amu) is closer to carbon-12.   (Here’s the math:  (0.9889 x 12.0 amu) + 0.0111 x 13.0 amu) = 12.01 
amu) 

 
 Examples: 
 

A. The two naturally occurring isotopes for lithium are as follows. Circle the most abundant isotope, based on the 
average atomic mass of lithium from the periodic table:  

 
      lithium-6    lithium-7 
 
 
 

B. The three naturally occurring isotopes for magnesium are as follows. Circle the most abundant isotope, based on 
the average atomic mass of lithium from the periodic table:  

 
 
     magnesium-24          magnesium-25          magnesium-26                
 
 
 
Some elements have only radioactive and unstable naturally occurring isotopes. 

 These elements are listed with parentheses around their mass numbers (instead  
 of their atomic weights reported) 
 – e.g. element #86, radon (Rn), has a mass number of 222, and element #88, radium  
  (Ra), has a mass number of 226. 
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THE PERIODIC LAW AND TABLE 
 
Periodic Law:  Elements can be arranged to display recurring properties. 
 We can use the Periodic Table to predict the properties of elements.  
 
Dimitri Mendeleev organized elements in tables so that elements with similar properties were in the same column or row. 

– He found that elements display recurring properties if they are arranged according to increasing atomic mass. 

 Periodic Table originally arranged with elements in order of increasing atomic mass. 
 
Henry G.J. Moseley carried out high-energy X-ray radiation experiments on atomic nuclei 

– Repeating properties of elements more clearly reflected by the arrangement of elements according to increasing 
atomic number 

– Trends for increasing atomic mass are identical with those for increasing atomic number, except for Ni and Co, Ar 
and K, Te and I. 

 
A vertical column is called a group or family. 
– Elements belonging to the same group exhibit similar properties. 
 
A horizontal row is called a period or series. 
 

Properties of METALS, NONMETALS, AND SEMIMETALS 

 
Metals 

 shiny appearance or metallic luster 

 malleable: can be hammered into thin sheets 

 ductile: can be drawn into wires 

 conduct heat and electricity 

 tend to lose electrons in reactions 

 Examples: aluminum, copper, gold 

Nonmetals 

 dull appearance 

 brittle and/or powdery 

 cannot conduct heat or electricity 

 tend to gain electrons in reactions 

 Examples: oxygen, sulfur, iodine  

 
Semimetals (or metalloids):  Have properties of metals and nonmetals. Silicon is shiny and conducts electricity, but not 
quite as shiny as a metal. Additionally, it is too brittle to take blows from a hammer – instead it shatters. 

Organization of the nonmetals, semimetals, metals on the Periodic Table (see Fig. 3.12) 

– Nonmetals (except H) are concentrated on the top-right of the Periodic Table  
– Semimetals are along the stair-step 
– All remaining elements are metals  

 
Know if an element is a metal, nonmetal, or semimetal based on its position on the Periodic Table 
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Representative (Main-group or A Group) Elements 

Those elements in groups IA to VIIIA: 
 

Group IA: alkali metals 

Group IIA: alkaline earth metals  

Group VIIA: halogens  

Group VIIIA: noble gases (because they are gases that do not react) 

 
Elements in each group have remarkably similar chemical and physical properties. 
 
Transition Metals: Group B elements (in middle of the Periodic Table) 
 
– Groups IIIB to IIB:  More difficult to predict the behavior and properties of transition metals 
 
Inner Transition Elements (usually beneath the main body of Periodic Table) 
 
– Lanthanide series: Elements Ce – Lu, also called rare earth metals, make up <0.005% of Earth's crust 
– Actinide series: Elements Th – Lr, also called transuranium elements, are generally all man-made and exist for only 

very short periods of time before decaying to other elements 
 

PROPERTY TRENDS WITHIN THE PERIODIC TABLE 
 

Atomic Radius (or Size): distance from the nucleus to the outermost electrons 
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ELECTRONIC STRUCTURE OF ATOMS 
 

The Bohr Model of the Atom 
In 1913, Neils Bohr speculated that in the atom, electrons revolve around the nucleus, occupying circular orbits with distinct 
energy levels, just like planets orbit around the sun. 
 

Evidence for Energy Levels 
 

1. Different gases glow specific colors when sealed in a gas discharge tube and energized by electricity  
– The colors of light each correspond to a specific energy 
– The light is emitted by electrons falling from a high to a low energy level in the atom.  
– The colors of light can be arranged along a graph, which is called an emission line spectrum 

2. The glow of hot objects (blackbody radiation) produces combinations of colors that can only be explained 
mathematically using energy levels. 

 

The spacing of the energy levels in an atom is a function of the number of protons and electrons in the atom. Thus, each 
kind of atom emits a unique spectrum—also called an "atomic fingerprint" since it can be used identify the element. 

 

 
 

 
 
 
 
 
 
 
 
 

Electrons falling through fewer energy levels 
release low-energy light (RED here) 

Electrons falling through more 
energy levels release higher-energy 

light (VIOLET here) 

LOWER ENERGY 
LIGHT 

HIGHER ENERGY 
LIGHT 
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Energy Sublevels 
 

– The Principle energy levels (numbered 1, 2, 3,…) are further divided into energy sublevels.  
 
 
 

 
 
principal energy level (or shell), n: 
 n=1,2,3,... 

 
energy sublevels:  s, p, d, and f 
(or subshells) 

 
 
 
 

THE QUANTUM MECHANICAL MODEL 
 
In reality, the electron does not move in a fixed orbit like a planet. Instead, electrons can literally be found anywhere in the 
atom. Statistically speaking, however, any particular electron is most likely to be found in the specific geometric volume 
called its atomic orbital.  
 
Two main characteristics of orbitals: 
 

1. Shape – specified by letter (s, p, d, or f) 
– each shape shows the volume where the electron is 90% of the time 
– each orbital can hold up to two electrons 
– s orbitals always occur by themselves 
– p orbitals occur in groups of 3, d orbitals in groups of 5, and f orbitals in groups of 7 

2. Energy Level – specified by a number in front of the orbital (1s vs 2s, for instance) 
– the higher the energy level, the larger the orbital shape (true for s, p, d, and f orbitals) 
– the energy level number is known as the principal quantum number 

 
There are four kinds of atomic orbital (s, p, d, f) each with its own specific shape: 

 
S orbitals are spherical … as principal quantum number increases, the size of the orbital increases 

 

 

2 sublevel 3 sublevel 
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P orbitals resemble dumbbells, lying along each of the three axes x,y, and z  

 

 
 

 
ELECTRON CONFIGURATIONS 
 
According to the quantum mechanical model, each electron in an atom is assigned to a specific orbital (just like each house 
on the street has a specific address).  
 
Furthermore, every atom has exactly the same set of atomic orbitals, arranged in order of increasing energy: 
 

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s < 5d < 6p 
 
Electron Configuration   
Shorthand description of the arrangement of electrons in an atom by sublevel according to increasing energy 
 
Example:  Sodium has 11 electrons.  
Sodium’s electron configuration represents the following filling of orbitals: 

 

orbital  1s 2s 2px 2py 2pz 3s 3px 3py 3pz 

# of electrons 
 

2 2 2 2 2 1 0 0 0 

 

Therefore, the electron configuration of sodium is ….  1s2 2s2 2p6 3s1 

 

Guidelines to Writing Electron Configurations 
 

1. Electrons fill the lowest energy orbitals first. 
 

2. Each atomic orbital must be filled with two electrons before electrons go into the next orbital.  
 

 

Ex. 1 He   atomic number=2  He has _____ electrons    
     

 electron configuration for He:   __________________________________ 
 

Ex. 2 C  has  _____ electrons    
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 electron configuration for C:    __________________________________ 

 
Ex. 3 S  has  _____ electrons    

 
 electron configuration for S:    __________________________________ 

 
Ex. 4 K  has  _____ electrons    

 
 electron configuration for K:    __________________________________ 

 

 

THE SHELL MODEL and CHEMICAL PROPERTIES 
 
The following sets of orbitals are referred to as “shells”: 
 
1s     first shell 
2s, 2p     second shell 

3s, 3p    third shell 
4s, 3d, 4p    fourth shell 

 
These particular combinations of electrons in orbitals are particularly stable energetically. 
 
core electrons:   innermost electrons belonging to filled electron shells 
 
valence electrons:   electrons in the outermost shell 
 
Example: Sodium 
 

1s2  2s2  2p6  3s1 
 

First shell Second shell Valence shell 
 
 <- CORE ELECTRONS -> VALENCE ELECTRONS 

 
ELECTRON CONFIGURATIONS and the PERIODIC TABLE 
 

The periodic table actually groups elements by the number of electrons in the valence shell: 
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SIGNIFICANCE of VALENCE ELECTRONS 
 
In general, atoms with filled electron shells are more energetically stable.  
 
Atoms get filled shells by  
- gaining enough electrons to fill the valence shell 
-  losing enough electrons to empty the valence shell  

o leaving behind the core electrons, in filled shells  
 
Atoms can gain/lose electrons  chemical reactions! 
 

If certain elements combine valence electrons with each other, the atoms can have filled shells. This combination 
results in a chemical reaction and forms a chemical bond. 

 
Thus, valence electrons are considered the key to understanding how chemical reactions occur.  
 

For Main Group (A) elements, Group #    # of valence electrons  
– Elements in Group IA:  Each has 1 valence electron 
– Elements in Group IIA:  Each has 2 valence electrons 
– Elements in Group IIIA: Each has 3 valence electrons 
– Elements in Group IVA:  Each has 4 valence electrons 
– Elements in Group VA:  Each has 5 valence electrons 
– Elements in Group VIA:  Each has 6 valence electrons 
– Elements in Group VIIA:  Each has 7 valence electrons 
– Elements in Group VIIIA:  Each has 8 valence electrons 
 
Example: Indicate the number of valence electrons for each element below: 
 
 

Mg: _____ Br: _____ Rb: _____ Se: _____ 

N:   _____ Al: _____ Si: _____ Xe: _____ 

 

ELECTRON CONFIGURATIONS MADE EASIER 
 
Core Notation   (Noble Gas abbreviation) 
 

Electron configurations using Noble gas abbreviations are often called “core notation” 
 
Core notation uses Noble gas configurations: 

– Elements in the last column of the Periodic Table are called “noble gases” 
– Since noble gases are at the end of each row in the Periodic Table, all of their electrons are in filled orbitals.   

 
[He]  = 1s2 
[Ne]  = 1s2 2s2 2p6 
[Ar]  = 1s2 2s2 2p6 3s2 3p6 

 
 – Such electrons are called “core electrons” since they are more stable (less reactive) when they belong to 

completely filled orbitals. In fact, these electrons are harder to remove from atoms. 

 We can abbreviate the “core electrons” of all elements using Noble gas electron configurations. 
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Examples 
  
a. Electron configuration for K using full notation:    1s2 2s2 2p6 3s2 3p6 4s1 
 
 Electron configuration for K using core notation:   [Ar] 4s1 
 

b. Electron configuration for Cl using full notation:   __________________________________ 

 

 Electron configuration for Cl using core notation: _________________________________ 

 

c. Electron configuration for Ti using full notation:   __________________________________ 

 

 Electron configuration for Ti using core notation: __________________________________ 

  

d. Electron configuration for Br using full notation:   __________________________________ 

 

 Electron configuration for Br using core notation: _________________________________ 

 

e. Electron configuration for Sn using full notation:   _________________________________ 

 

 Electron configuration for Sn using core notation: _________________________________ 

 

f. Electron configuration for Ba using full notation:   _________________________________ 

 

 Electron configuration for Ba using core notation: _________________________________ 
 

Note:  Be able to write electron configurations for elements #1-56. 

 
  
 

 
 
 
 
 


