
The Nature of Matter: 
Atoms, Elements, and 

Compounds 



Scientific Models 

• A model is a simplified 
approximation of reality. 

• Scientific models are simplified 
but useful representations of 
something real.  



Kinetic Molecular Theory 

• All matter is composed of tiny particles.  
• The particles are in constant motion.  
• Increased temperature reflects increased 

motion of particles.  
• Solids, liquids and gases differ in the 

freedom of motion of their particles and in 
how strongly the particles attract each 
other.  

 http://preparatorychemistry.com/KMT_flash.htm 
 http://preparatorychemistry.com/KMT_flash_audio.htm 

 

http://preparatorychemistry.com/KMT_flash.htm
http://preparatorychemistry.com/KMT_flash_audio.htm


Solid 

• Constant shape and volume 
• The particles are constantly moving, 

colliding with other particles, and 
changing their direction and velocity. 

• Each particle is trapped in a small 
cage whose walls are formed by 
other particles that are strongly 
attracted to each other.  



The Nature of 
Solids 



Liquid 

• Constant volume but variable shape 
• The particles are moving fast enough 

to break the attractions between 
particles that form the walls of the 
cage that surround particles in the 
solid form.  

• Thus each particle in a liquid is 
constantly moving from one part of 
the liquid to another.  



Liquids 



Evaporation 



Gas 

• Variable shape and volume 
• Large average distances between 

particles 
• Little attraction between particles 
• Constant collisions between particles, 

leading to constant changes in 
direction and velocity 



Gas 



Gas Model 

• Gases are composed of tiny, 
widely-spaced particles.  
– For a typical gas, the average 

distance between particles is about 
ten times their diameter.  



Gas Model (cont.) 
• Because of the large distance between 

the particles, the volume occupied by 
the particles themselves is negligible 
(approximately zero).  
– For a typical gas at room temperature 

and pressure, the gas particles 
themselves occupy about 0.1% of the 
total volume. The other 99.9% of the 
total volume is empty space. This is 
very different than for a liquid for 
which about 70% of the volume is 
occupied by particles. 



Gas Model (cont.) 

• The particles have rapid and 
continuous motion.  
– For example, the average velocity of a 

helium atom, He, at room temperature 
is over 1000 m/s (or over 2000 mi/hr). 
The average velocity of the more 
massive nitrogen molecules, N2, at 
room temperature is about 500 m/s.  

– Increased temperature means 
increased average velocity of the 
particles. 



• The particles are constantly colliding 
with the walls of the container and 
with each other.  
– Because of these collisions, the gas 

particles are constantly changing their 
direction of motion and their velocity. In 
a typical situation, a gas particle moves 
a very short distance between collisions. 
Oxygen, O2, molecules at normal 
temperatures and pressures move an 
average of 10−7 m between collisions.  

Gas Model (cont.) 



• There is no net loss of energy in 
the collisions. A collision between 
two particles may lead to each 
particle changing its velocity and 
thus its energy, but the increase 
in energy by one particle is 
balanced by an equal decrease in 
energy by the other particle. 

Gas Model (cont.) 



• The particles are assumed to be 
point-masses, that is, particles 
that have a mass but occupy no 
volume.  

• There are no attractive or 
repulsive forces at all between 
the particles.  

Ideal Gas 



Gas Properties and their 
Units 

• Pressure (P) = Force/Area 
– units  

• 1 atm = 101.325 kPa = 760 mmHg = 760 torr  
          = 14.7 lb/in2 (psi) 

• 1 bar = 100 kPa = 0.9869 atm = 750.1 mmHg 

• Volume (V) 
– unit usually liters (L) 

• Temperature (T) 
– ? K = --- °C + 273.15 

• Number of gas particles expressed in 
moles (n) 



Separation of  
Salt Water 



Distillation 



114+ Known Elements 

• 83 are stable and found in 
nature. 
– Many of these a very rare.   

• 7 are found in nature but are 
radioactive. 

• 24+ are not natural on the earth.  
– 2 or 3 of these might be found in 

stars.  



Group Numbers on the Periodic Table 



Group Names 
Alkali Metals Alkaline Earth Metals Halogens 

Noble Gases 



Metals, Nonmetals, and 
Metalloids 



Characteristics of 
Metallic Elements 

• Metals have a shiny metallic luster. 
• Metals conduct heat well and 

conduct electric currents in the solid 
form. 

• Metals are malleable.  
– For example, gold, Au, can be 

hammered into very thin sheets without 
breaking. 



Classification of 
Elements 



Solid, Liquid, and 
Gaseous Elements 



Atoms 

• Tiny…about 10-10 m 
– If the atoms in your body were 1 in. in 

diameter, you’d bump your head on 
the moon.  

• Huge number of atoms in even 
a small sample of an element 
– 1/2 carat diamond has 5 × 1021 

atoms…if lined up, would stretch to 
the sun. 



Particles in the Atom 

• Neutron (n)   
0 charge       1.00867 u        in nucleus 

• Proton (p)   
+1 charge       1.00728 u       in nucleus 

• Electron (e−)   
−1 charge      0.000549 u       outside  

           nucleus 



Electron Cloud for Hydrogen Atom 
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The Electron 

“If I seem unusually clear to you, you must have 
misunderstood what I said.” 
 Alan Greenspan,  
 Former Head of the Federal Reserve Board 
“It is probably as meaningless to discuss how much 
room an electron takes up as to discuss how much room 
a fear, an anxiety, or an uncertainty takes up.”  

Sir James Hopwood Jeans,  
English mathematician, physicist and 
astronomer  (1877-1946) 



Helium Atom 
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Carbon Atom 



Ions 
• Ions are charged particles due to a 

loss or gain of electrons. 
• When particles lose one or more 

electrons, leaving them with a 
positive overall charge, they become 
cations.  

• When particles gain one or more 
electrons, leaving them with a 
negative overall charge, they 
become anions. 



Example Ions 



Isotopes 

• Isotopes are atoms with the same 
atomic number but different mass 
numbers.  

• Isotopes are atoms with the same 
number of protons and electrons in 
the uncharged atom but different 
numbers of neutrons.  

• Isotopes are atoms of the same 
element with different masses.  



Isotopes of Hydrogen 
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Effect on Chemical 
Changes 

• Electrons 
– Can be gained, lost, or shared…actively 

participate in chemical changes 
– Affect other atoms through their -1 charge 

• Protons 
– Affect other atoms through their +1 charge 
– Determine the number of electrons in 

uncharged atoms 

• Neutrons 
– No charge…no effect outside the atom and 

no direct effect on the number of electrons. 



Tin has ten natural isotopes.  



Elements, Compounds, 
and Mixtures 

• Element: A substance that cannot be 
chemically converted into simpler substances; a 
substance in which all of the atoms have the 
same number of protons and therefore the same 
chemical characteristics.  

• Compound: A substance that contains two or 
more elements, the atoms of these elements 
always combining in the same whole-number 
ratio.  

• Mixture: A sample of matter that contains two 
or more pure substances (elements and 
compounds) and has variable composition.  



Classification of Matter 



Elements and Compounds 



Exhaust – a Mixture 



Covalent Bond Formation 



Covalent Bond 
• A link between atoms due to the sharing of 

two electrons. This bond forms between 
atoms of two nonmetallic elements. 
– If the electrons are shared equally, there is a 

even distribution of the negative charge for the 
electrons in the bond, so there is no partial 
charges on the atoms. The bond is called a 
nonpolar covalent bond.  

– If one atom in the bond attracts electrons more 
than the other atom, the electron negative 
charge shifts to that atom giving it a partial 
negative charge. The other atom loses negative 
charge giving it a partial positive charge. The 
bond is called a polar covalent bond.  



Polar Covalent Bond 



Ionic Bond 
• The attraction between cation and anion.  
• Atoms of nonmetallic elements often attract 

electrons so much more strongly than 
atoms of metallic elements that one or 
more electrons are transferred from the 
metallic atom (forming a positively charged 
particle or cation), to the nonmetallic atom 
(forming a negatively charged particle or 
anion).  

• For example, an uncharged chlorine atom 
can pull one electron from an uncharged 
sodium atom, yielding Cl− and Na+.   



Ionic Bond Formation 



Sodium Chloride, 
NaCl, Structure 



Bond 
Types 



Types of Compounds 

• All nonmetallic atoms usually leads 
to all covalent bonds, which from 
molecules. These compounds are 
called molecular compounds.  

• Metal-nonmetal combinations 
usually lead to ionic bonds and ionic 
compounds. 



Classification of Compounds 



Summary 
• Nonmetal-nonmetal combinations 

(e.g. HCl) 
– Covalent bonds 
– Molecules 
– Molecular Compound 

• Metal-nonmetal combinations (e.g. 
NaCl) 
– Probably ionic bonds 
– Alternating cations and anions in 

crystal structure 
– Ionic compound 

 



Valence Electrons 

• The valence electrons for each atom are 
the most important electrons in the 
formation of chemical bonds.  

• The number of valence electrons for the 
atoms of each element is equal to the 
element’s A-group number on the periodic 
table.  

• Covalent bonds often form to pair 
unpaired electrons and give the atoms of 
the elements other than hydrogen and 
boron eight valence electrons (an octet of 
valence electrons). 



Valence Electrons and 
A-Group Numbers 



Electron-Dot Symbols 
and Lewis Structures 

• Electron-dot symbols show 
valence electrons. 
 

 
• Nonbonding pairs of valence 

electrons are called lone pairs. 



Lewis Structures 

• Lewis structures represent molecules using 
element symbols, lines for bonds, and dots for 
lone pairs. 



Most Common Bonding 
Patterns for Nonmetals 

Element # Bonds # lone pairs 

H 1 0 

C 4 0 

N, P 3 1 

O, S, Se 2 2 

F, Cl, Br, I 1 3 



Drawing Lewis 
Structures 

• Many Lewis structures can be 
drawn by attempting to give each 
atom in a molecule its most 
common bonding pattern.  



Lewis Structure for 
Methane, CH4  

• Carbon atoms usually have 4 
bonds and no lone pairs. 

• Hydrogen atoms have 1 bond and 
no lone pairs. 



Methane, CH4 

                    



Lewis Structure for 
Ammonia, NH3 

• Nitrogen atoms usually have 3 
bonds and 1 lone pair. 

• Hydrogen atoms have 1 bond and 
no lone pairs. 
 



Ammonia, NH3 



Lewis Structure for 
Water, H2O 

• Oxygen atoms usually have 2 
bonds and 2 lone pairs. 

• Hydrogen atoms have 1 bond and 
no lone pairs. 
 



Water, H2O 



Unique Properties of 
Water, H2O 

• Solid less dense than liquid (maximum 
density at 4 °C). 

• Relatively high melting point (0 °C) and 
boiling point (100 °C) 

• High specific heat (4.184 kJ/kg°C) 
• High heat of vaporization (2258 kJ/kg) 

 



Water Attractions 



Liquid Water 
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The Making of an Anion 



The Making of a Cation 



Monatomic Ions 



Monatomic Ion Names 

• Monatomic Cations 
– (name of metal) 

• Groups 1, 2, and 3 metals 
• Al3+, Zn2+, Cd2+, Ag+ 

– (name of metal)(Roman numeral) 
• All metallic cations not mentioned above 

• Monatomic Anions 
– (root of nonmetal name)ide 



Hydride  H− 

Nitride  N3− 

Phosphide  P3− 

Oxide  O2− 

Sulfide   S2− 

selenide   Se2− 
 

 fluoride   F− 

 chloride   Cl− 

 bromide   Br− 

 iodide   I− 

Monatomic Anions 



Sodium Chloride, 
NaCl, Structure 



CsCl and NH4Cl structure 



Polyatomic Ions 

Ion Name Ion Name 

NH4
+ ammonium NO3

− nitrate 

OH− hydroxide SO4
2− sulfate 

CO3
2− carbonate C2H3O2

− acetate 

PO4
3− phosphate 



Polyatomic Ions 
with Hydrogen 

• HCO3
− hydrogen carbonate 

• HSO4
−  hydrogen sulfate 

• HS−    hydrogen sulfide 
• HPO4

2− hydrogen phosphate 
• H2PO4

− dihydrogen phosphate 



Mole 
• A mole (mol) is an amount of substance 

that contains the same number of 
particles as there are atoms in 12 g of 
carbon-12.  

• To four significant figures, there are  
6.022 × 1023 atoms in 12 g of carbon-12.  

• Thus a mole of natural carbon is the 
amount of carbon that contains  
6.022 × 1023 carbon atoms.  

• The number 6.022 × 1023 is often called 
Avogadro’s number.  



Avogadro’s Number 



Molar Mass For 
Elements 

• Atomic Mass from the Periodic Table 

 
 
 
(atomic mass) g element

1 mol element



Molar Mass Calculation  
for Carbon 



Molecular Mass 

• Whole = sum of parts 
• mass of a molecule = sum of the 

masses of the atoms in the molecule  
• molecular mass = the sum of the 

atomic masses of the atoms in the 
molecule 



Molar Mass For 
Molecular Compounds 

• Molecular Mass = Sum of the  
atomic masses of atoms in one 
molecule 

 
 
 

(molecular mass) g molecular compound
1 mol molecular compound



Formula Units 

• A formula unit of a substance is 
the group represented by the 
substance’s chemical formula, that 
is, a group containing the kinds and 
numbers of atoms or ions listed in 
the chemical formula.  

• Formula unit is a general term that 
can be used in reference to 
elements, molecular compounds, or 
ionic compounds.  



Formula Unit Examples 



Formula Mass for Ionic 
Compounds 

• Whole = sum of parts 
• Mass of a formula unit = sum of the 

masses of the atoms in the formula unit  
• Formula mass = the sum of the atomic 

masses of the atoms in the formula 



Molar Mass For Ionic 
Compounds 

• Formula Mass = Sum of the 
atomic masses of the atoms in a 
formula unit 

 
 
 

(formula mass) g ionic compound
1 mol ionic compound
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