Atomic Mass

· listed on the periodic table

· have units of amu (atomic mass units)

· much smaller than a gram

Formula Mass

· is calculated by adding together the mass of each atom

· for CO2, there is one carbon atom (atomic mass 12.01 amu) and two oxygen atoms (atomic mass 16.00 amu)

· formula mass is (1 x 12.01 amu) + (2 x 16.00 amu) = 44.01 amu

The Mole

· Because the mass of a single atom is so small, any quantity we would work with is much larger than one atom.  Therefore we use a quantity called a MOLE to express quantities more easily 

· The MOLE is a quantity

· just like a dozen is a quantity

· One MOLE = 6.02 x 1023

· called Avogadro’s number

The Mole (continued)

· Obviously we can’t count out individual atoms, so scientists devised a way to relate the mole quantity to mass.

· The atomic/formula mass expressed in grams instead of amu is equal to the mass of one mole of that substance

· 1 mole of H = 1.01 g

· 1 mole of CO2 = 44.01 g

The Mole (continued)

· Representative particles - the number 6.02 x 1023 will describe how many

· atoms you have, if the substance is an element
· molecules you have, if the substance is a covalent compound

· diatomic elements are covalent compounds

· formula units you have, if the substance is an ionic compound
Molar Mass

· The mass, in grams, of one mole of a substance

Mole Conversions

· The mole is used to convert between mass and number of particles

· 1 mole = 6.02 x 1023 particles

· 1 mole = molar mass of substance

· 1 mole = 22.4 L of a gas 

· at 0°C and 1 atm; also known as STP (standard temperature and pressure)

Mole Conversions (continued)

· We can use these relationships as conversion factors in dimensional analysis

· to convert from mass to moles OR moles to mass

· from moles to particles OR particles to moles

· from moles to volume (gas) OR volume to moles

Mole Conversions

· Use dimensional analysis to convert the following:

· 10.0 grams of sodium chloride to moles

· 0.35 moles of carbon to atoms

· 0.35 moles of carbon to mass (g)

· 5.00 x 1025 atoms of helium to moles

· 4.0 L of xenon gas to moles

· 1.5 moles of xenon gas to volume (L)

Multistep conversions

· To convert between units (mass - particles; mass - volume; volume - particles) we need to convert to moles first (ALWAYS)

· example: how many particles are in 2.0 L of He at STP


2.0 L x 1 mole x 6.02 x 1023 particles = 5.38 x 1022 



          22.4 L
         1 mole


particles

Mole Conversions

· Use dimensional analysis to convert the following:

· 10.0 L of helium to mass (g)

· 42.3 g of sulfur to particles

· 3.22 x 1021 atoms of boron to mass (g)

· 3.22 x 1021 atoms of krypton to volume (L)

% Composition

· The mass of each element in a compound divided by the total mass (molar mass)

· CO2 (molar mass = 44.01 g)

· carbon - 12.01 g

· oxygen - 32.00 g (2 x 16.00 g)

· (12.01g / 44.01g) x 100 =27.3% carbon

· (32.00g / 44.01 g) x 100 = 72.7% oxygen

· % composition total for all elements must equal 100%.

Empirical Formula

· empirical formula - the smallest whole number ratio of atoms in a compound

· we can use % composition data to determine the empirical formula for an unknown compound.

Finding empirical formulas

· STEP 1 - assume a 100g sample

· this means that if the sample is 27.3% carbon, out of 100 g of that sample, 27.3 g will be carbon.

· STEP 2 - convert from mass of the element to moles

· STEP 3 - divide all answers from ‘step 2’ by the smallest answer from ‘step 2’

· STEP 4 - make all answers from ‘step 3’ whole numbers

· if they are close to a whole number you can round (e.g. 2.98 rounds to 3; 1.02 rounds to 1)

· if they are not close, then ALL answers from step 3 need to be multiplied by a factor (usually 2 or 3)

· if the answers from ‘step 3’ are 1 and 1.5, multiply both by 2 to get 2 and 3 (these will be the subscripts in the formula)

Finding Molecular Formulas

· molecular formula - shows how many of each atom are in a compound

· the molar mass of the molecular formula will always be a whole number multiple of the empirical formula mass

· e.g. - if the molecular formula is C2H4 (28.06g), the empirical formula is CH2 (14.03g).  The molar mass for C2H4  is exactly two times the molar mass of CH2

