Symbols for Elements & Compounds – Relative Atomic Mass Scale
Symbols for elements are typically the first or the first and second letters of the common name for the element.  Examples:  H (hydrogen), He (helium), B (boron), Be (beryllium).  Usually the English name but sometimes the Latin or German name will be used.  (Paul, King, & Farinholt 1967.)

Non-obvious chemical symbols:
English		Latin		Symbol
Antimony	Stibium		Sb
Copper		Cuprum		Cu
Gold		Aurum		Au
Iron		Ferrum		Fe
Lead		Plumbum	Pb
Mercury		Hydragyrum	Hg
Silver		Argentum	Ag
Tin		Stannum		Sn

English		German		Symbol
Potassium	Kalium		K
Sodium		Natrium		Na
Tungsten	Wolfram	W

Chemical formulas:  What do they mean?  Use molecular formula for molecules, empirical formula for salts.

Chemical formulas in molecules
Molecular formulae:  H2O, CO2, CO, NH3, NO, NO2    Symbols refer to atoms in a molecule.
Show models here.

Chemical formulas in salts
Empirical formulae:  NaCl,  MgCl2, NaBr, KCl, NaNO3    Symbols refer to simplest ratios of atoms, called a formula unit, or empirical formula, in a 3-dimensional lattice (array or pattern).

The whole idea behind chemical formulas is to symbolically represent Dalton’s atomic theory, that is:
1. Matter consists of indivisible atoms.
2. These atoms are unique in properties (like mass) peculiar to a given element.
3. Atoms combine in various combinations of simple whole number ratios to form compounds.

Dalton’s mistake
So, for example, early chemists including Dalton noticed that when combining hydrogen and oxygen, 1g of hydrogen always combines with 8 g of oxygen.  Thinking that the simplest compounds formed from two elements consisted of on atom from each element, he erroneously took the formula for water to be HO.

Avogadro proposed that equal volumes of a gas contained equal numbers of molecules and noticed that when hydrogen combined with oxygen to form water, two volumes of hydrogen always combined with one volume of oxygen.   Hence Avogadro correctly inferred the formula for water to be H2O.  Now we know that both hydrogen and oxygen are diatomic:  i.e. in their elemental gaseous state they consist of the molecules H2 and O2 respectively.  Symbolically, hydrogen and oxygen recombine chemically to form water according to the reaction equation:

		2H2 + O2  2H2O

The subscripted numbers refer to numbers of atoms in a molecule.  The numbers in front of the molecules give the ratios between molecules combined and/or formed in the reaction and are called stoichiometric coefficients.   Stoichiometric coefficients arise from the balancing of chemical equations.  We balance reaction equations since Dalton postulated that in chemical reactions atoms are neither created nor destroyed to account for the observed Law of Conservation of Mass.

Atomic mass scale:   The relative atomic mass scale in amu’s was worked out (in the 1800s before chemists new how to weigh or count atoms directly) from experimentally observed combining mass ratios of pairs of elements in simple binary compounds.  Avogadro’s Law was also used by comparing masses of equal volumes of gases.  Thus, setting a hydrogen atom equal to 1 amu (atomic mass unit), the relative weights of other elements were determined relative to hydrogen.

Now, the amu is based on carbon 12 rather than hydrogen. 1 amu is defined as exactly 1/12 the mass of a single carbon 12 atom.  Avogadro’s number, NA, or a mole, is the number of amus  in a gram.  Alternatively, Avogadro’s number, NA, or a mole, is the number of carbon 12 atoms in exactly 12 grams of carbon 12.

As you can prove, for any element there are Avogadro’s number (i.e. a mole) of atoms in the atomic mass of that element expressed in grams.  Example:  one oxygen atom has a mass of 16.00 amu while a mole of oxygen atoms has a mass of 16.00 grams.  So the atomic molar mass is a conversion factor between grams and moles.   Thinking macroscopically, we say oxygen has an atomic molar mass of 16.00 g/mol (grams per mole).  The same goes for any other element.  To reiterate, the atomic mass in amu per atom has the same numerical value as the atomic molar mass in g/mol.  Obviously “amu” is a microscopic unit of mass while “gram”.  The mole was chosen such that there would be a mole of “amu” in a “gram”.

[bookmark: _GoBack]Early chemists knew Avogadro’s number was important even though they were unable to measure it at the time.  Avogadro’s number (also known as a mole) is 6.022 x 1023.  You don’t need to know the number to convert from grams to moles or vice versa.  You do need to know the number to calculate the number of atoms (or molecules) in a given mass of the pure substance in question.


Molar mass of a compound:  We can calculate the mass of a molecule (in amu) by adding up the masses of all the atoms in that molecule.  Then, as with elements, the molecular mass in amu has the same numerical value as the molar mass in g/mole!  So we can easily determine the mass to mol (and mol to mass) conversion factor for any compound!

Example:  the molecular mass of an H2O molecule is 2 x 1.008 amu + 1 x 16.00 amu = 18.02 amu

So the molar mass of H2O is 18.02 g/mol

For ionic compounds for which the word “molecule” does not apply because we are dealing with a lattice, simply substitute the term “formula unit” for the word “molecule” in the above discussion.  For a molecular substance the molar mass is also known as the molecular mass.  For an ionic compound, the molar mass is also known as the formula mass.

Molecular Formula:  Gives the numbers of atoms of each element in the molecule

Empirical Formula:  Gives the simplest whole number ratios between atoms of constituent elements in any compound.

Determining the Empirical Formula from mass data:  know how to do this.
