
Chemistry in the News 

Nanotechnology in 
building technology 
 

The cement binder in the concrete in 
this Roman church contains 
nanoparticles of titanium dioxide. In 
sunlight, these nanoparticles oxidize 
smog on the surface, keeping the 
cement white. They also take smog 
out the of the air, cleaning the 
atmosphere. 
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Review 

How are physical and chemical changes 
different? 
 
What are the differences between 
molecules and compounds? 
 
What is the difference between a 
compound and a pure substance? Give an 
example of each. 



Dalton’s Atomic Theory 

1. Elements are made of tiny, indestructible 
particles called atoms. 

2. All atoms are identical, and the atoms of 
different elements are fundamentally 
different. 

3. Compounds form when elements combine 
with each other. A given compound always 
has the same types and numbers of atoms. 

4. In chemical reactions, atoms remain 
unchanged. But they do reorganize into new 
configurations. 
 



What did we know in the 1800’s? 

• Most natural materials are mixtures of pure 
substances. 
 

• Pure substances are either elements or 
combinations of elements called 
compounds. 
 

 The French Revolution (no, not that one) 
  
 Antoine Lavoisier makes precise, accurate 

measurements of chemical reactions 
 

 



The Fundamental Chemical Laws 

 

1. Law of Conservation of Mass 
  

2. Law of Definite Composition 
 

3. Law of Multiple Proportion 
 

Please note:  
Laws summarize observations of mathematical 
relationships. They do NOT explain those relationships. 

 
 

 
 



Law of Definite Composition 

 Water (H2O) 
  8 g oxygen to 1 g hydrogen 
  100 g oxygen to 12.5 g hydrogen  
    

 Carbon dioxide:  
  2.7 g oxygen to 1 g carbon 
  13.5 g oxygen to 5 g carbon  
 

The LAW:  
The elements in a compound are always 
present in the same mass ratio. 
 
 
   



Law of Multiple Proportion 

A challenge to the Law of Definite Composition? 
 

• Consider the following experimental data: 
 

 Sample A Sample B 
    

 10.0 g copper 10.0 g copper 
 12.5 g bromine 25.0 g bromine 
 
• When two elements are in different compounds, comparing 

equivalent masses of the elements between compounds 
always produces small whole numbers. 



All compounds are 
formed from irreducible 
building blocks 

 

Law of Multiple Proportions 

mbolt = 7 g 

mbolt + nut = 9 g 

mbolt + 2 nuts = 11 g 

mCO = 28 amu 

mCO2 = 44 amu 

mC = 12 amu 



Avogadro’s Hypothesis 

 
Equal volumes of any two gases have the same 
number of particles (at the same temperature 
and pressure) 
 
2 volumes H + 1 volume O  2 volumes water 

 
Implies that … 

 
2 particles H + 1 particle O  2 particles water  
 



1900’s: Newly Revealed Particles 

Alpha particles  “α” 
 

• Emitted by radioactive elements 
• Positively charged “bullets” 
 

Electrons   e- 
• Pulled off of metal cathodes under high 

voltage 
• Occur only in vacuum tubes 
• “Cathode rays”  



Rutherford’s Experiment 

Plum Pudding view of the atom 

Negative electrons embedded in 

uniform positive charge 



The Nuclear Atom 

1911 – Ernest Rutherford demonstrated that 

the atom is mostly empty space. The atom 

is 10,000 to 100,000 times larger than the 

nucleus. 

Expected Result Actual Result 



Atomic Structure 
 

1. Small, dense, positive 
nucleus 
 

2. Large, diffuse area with tiny 
negative electrons 
 

If an atom was the size of a baseball stadium, the nucleus 

would be the size of a fly on home plate. 

The Angstrom 

(Å) is a unit of 

atomic 

distance. 

This is a 

femtometer (fm). 



Sub-atomic Particles 

Protons = chemical identity of the element 
 

Electrons = ionic character of the atom 
– Cations: more protons than electrons 
– Anions: more electrons than protons 

 
Neutrons = isotopic character of the atom  

– Isotope = atoms of an element with the same number of 
protons, but different numbers of neutrons 

– Different isotopes are very similar chemically 
 



Chemistry in the News 

Dinosaurs were 
warm-blooded 
 
The amount of 13C and 18O in 
dinosaur teeth depends on body 
temperature. By analyzing the ratio 
of these isotopes in ancient dinosaur 
teeth, chemists were able to 
determine that dinosaurs were 
warm-blooded animals. 
 
Chemical and Engineering News 
June 27, 2011 
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Chemical Symbols 

From Lepsius, Metals in Egyptian Inscriptions, 1860 

http://www.alchemywebsite.com/egyptian_symbols.html 

Accessed 10/5/2010 

X 
Z 

 A Element 

symbol (X) 

Atomic 

Symbol 

Modern Symbols 

O 
8 

16 
O 

16 
or 

Egyptian Symbols 

http://www.alchemywebsite.com/egyptian_symbols.html


Summary: Atomic Symbols 

• Atomic number (Z)  Number of protons  

• Mass number (A)  Number of protons + neutrons 

• Atomic Mass  Mass of one atom, expressed in amu 

• Atomic Weight  Average of the isotopic masses 

O 
8 

16.00 

Atomic number (Z) 

Atomic Weight  

(related to A) 

X 
Z 

 A Atomic symbol (X) 
Atomic 

Symbol 



Determining protons, neutrons, electrons 

Co 
27 

60 

Cl 
17 

37 

U 
92 

238 

Cobalt-60 

Chlorine-
37 

Uranium-
238 

# protons # electrons # neutrons 

27 27 60 – 27 = 33 

17 17 37 – 17 = 20 

92 92 238 – 92 = 146 



Chemical Bonding 
All chemical bonds and/or attractions are 

electrostatic in nature 

Coulomb’s Law 

Electrostatic attraction and repulsion increase with 
the size and proximity of the charge 

Source: http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefor.html 

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefor.html
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefor.html
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefor.html


Two classes of  
chemical electrostatic associations 

1. Permanent (chemical bonds) 
• Ionic bonds 
• Metallic bonds 
• Covalent bonds 
 

2. Temporary (intermolecular forces) 
• Hydrogen bonds, dipole attractions, 

dispersion forces, etc. 



Naming Compounds and Writing 
Formulas 

Objectives 

1. Write chemical formulas from the name. 

2. Name compounds, given the formula 



Naming Covalent Compounds 
 

Name the compound from right to left, using the Greek 
prefixes below to number each non-metal. 
 

 
 
 
 
 
 

A. Use the regular element name for the first element. 
B. Change the second element name to end in “-ide” 
C. The prefix “mono” is often only used for the second 

element, e.g., CO is carbon monoxide 
 

 
 
 

 



Practice:  
Naming Binary Covalent Compounds 

 

Examples 
 

CO2 = carbon dioxide  SO2 = sulfur dioxide 
 
Practice 
 

1. P4O10   3. CCl4 
  

2.  Cl2O5    4. SF6 
 

There are a couple of covalent compounds to memorize: 
 
 Water  H2O  Ammonia  NH3 



Ionic Compounds 
When to use Roman Numerals??? 

 

Type I Cation (Do NOT use Roman numerals in the name)  
 
Groups IA, IIA, IIIA metals, silver, zinc and cadmium 
 

 Group IA →  +1 charge, always  (e.g. Li+ ) 
 Group IIA →  +2 charge, always  (e.g. Mg2+) 
 Group IIIA →  +3 charge, always  (e.g. Al3+) 
 
 And also Silver → Ag+, zinc → Zn2+, and cadmium → Cd2+ 
 

Type II Cation (variable charge; ALWAYS use Roman numerals) 
 
All other metals (mostly transition metals, Pb, and Sn) 
 



Naming Anions 
 

1. Monatomic anions, e.g., Cl-, F-, O2-, etc. 
 
Take the root of the element name, drop the end, and 
replace it with “-ide” 
 
Cl-  chlorine  chloride ion;  O2-  oxygen  oxide ion 
Exception: Phosphorus  phosphide 

  
2. Polyatomic anions, e.g., NO3

-, SO4
2-, CO3

2-, etc. 
 

 These ions all have special names and must be 
memorized.  

 
 
 



Polyatomic Ions to Know 
 

 
NH4

+ = ammonium ion  CO3
2– = carbonate ion 

    HCO3
– = hydrogen carbonate 

SO4
2– = sulfate ion   

SO3
2– = sulfite ion   OCl– = hypochlorite ion 

    
C2H3O2

– = acetate ion   NO3
– = nitrate ion  

CN– = cyanide ion   NO2
– = nitrite ion  

 
PO4

3– = phosphate ion    
  HPO4

2– = hydrogen phosphate ion 
  H2PO4

- = dihydrogen phosphate ion  
  
    OH– = hydroxide ion 



Practice: Ionic Compounds 
 

1. Na2O 

2. KOH 

3. FeCO3 

4. VCO3 

5. Mn2(SO4)3 

 

  



Writing Formulas from the Ions 
 

A.  Two ions of the same charge: 
 

If the two ions have exactly opposite charges (+1 
and -1, +2 and -2, etc.) the neutral chemical 
formula contains one of each ion. 

 
 
 
 
 



Writing Formulas from the Ions 
 

B.  Two ions of different charge: 
 

Adjust the number of each ion so that the final 
product has the correct charge, using CROSSOVER. 
 



Practice: Writing Formulas from NAMES 
 

 

Aluminum cyanide 
 
Copper (I) phosphide 
 
Dihydrogen monoxide 
 
Cobalt (II) bromide 
 
Silver nitrate 
 
Carbon disulfide 
 
 


