NAME SECTION

PARTNERS DATE

MOLES, MOLECULES, FORMULAS

Thisactivity is desgned to introduce a convenient unit used by chemigts and to illusirate uses of the unit.
Part I: What IsaMole And Why Are Chemists Interested in It?

Counting thingsisanormd part of everyday life. How many days left until vacation? How many eggs
do | need for the recipe? If large numbers of things are involved, we use grouping

dtrategies to make the numbers easier to manage. For example, 4 more weeks until vacation, tells
usthat there are twenty-eight days. One dozen eggs is the common way of expressing the quantity 12.
Haf of a dozen of anything would be 6 units. One grossis 144 items (12 dozen) and aream of paper
contain 500 sheets.

Chemig are faced with a unique problem when deding with numbers of atoms or molecules. The
particles are S0 smd| that any amount of them that we are able to physicaly handle contains a number of
particles so large that there is nothing else in our experience that contains so many units. Thisincredibly
large number calls for a special counting group - the MOLE.

A MOLE is6.022 x 10” particles. Thisis often referred to as Avogadro=s number.  Lets make
sure we understand how big thisis. One mole of the e ement carbon has amass of 12.01 grams. The
gmdlest particle of an eement is an atom. So one mole of carbon contains
602,200,000,000,000,000,000,000 atoms of carbon.

Look for the dement carbon on the periodic table. Do you notice anything specia about the vaue
12.01? Explain

The mass of one mole of the dement magnesium is 24.30 grams. How many atoms does a sample of
magnesium with amass of 24.30 grams contain?

Stated in generd terms, the mass of one mole of any dement isequd to the
of that eement expressed in grams. The mass of amole of any
element can be found by looking on

The mass of 0.5000 moles of carbon is and contains
atoms of carbon.

Remember when dividing numbers written in scientific notation the number portion is divided
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normally and the exponents are subtracted. 6.022x10% divided by 2 is the same as 6.022 x10%/2
x 10% So the answer isfound by dividing 6.022 by 2 = 3.011 and the subtracting exponent O
from exponent 23. The answer in scientific notation is 3.011x10% atoms of carbon.

Calculator tip: for exponential notation use the EE or EXP key (not 100)

If you have a bottle containing 8.10 grams of magnesium, how many Mg atoms are present in the
bottle? Show your work. What is different about this problem compared to the last one involving
carbon?

Remember that some eements, when done, exist in the form of distomic molecules H, Oy, Ny, I F»,
Cl,, Brp, Ther smalest piece isamolecule containing two atoms. If one mole of oxygen were required
for an experiment you would be using O, thegas.  One mole of O, would have a mass of

and contain particles (molecules).

The characterigtic unit of the compound CO, isamolecule. Each CO, molecule has aoms. In
order to find the mass of one molecule of CO,, it is necessary to add together the atomic masses of
each of the atlomsin the compound. Atomic masses are expressed in alomic mass units (am.u.)

C=1201am.u. per atomx 1 atom = 12.01 am.u.
O =16.00 am.u. per atlomx 2aoms= +_ 32.00 am.u.
44.01 am.u.

Note: The conversion between am.u. and gramsis 1 am.u. = 1.66 x 10 g, therefore:

44.01 am.u X 6.022x 10® moleculesCO, x 1.66x10*g = 44.00g9 CO, (close!)
1 molecule CO, 1 mole CO, lam.u. 1 mole CO,

44.01 am.u. isthe mass of one molecue of CO, while 44.01 g is the mass of one mole of CO, (or 6.022
x 10% molecules of CO, or [3 x 6.02 x 10%] total number of atoms). The numerica vaue from the
periodic table is the same but the units depend on whether you are referring to one unit (atom or molecule)
or amole of the units.

Themolar mass of any substance is the mass of 6.022 x 10 units of the substance.

Find the molar masses of the following compounds. Show your work.
H,SO, Al (NOs)3
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If you know that a dozen tennis bals has amass of 1.00 Ibs, how would you find the mass of one
tennis bal?

Using the same mathematica gpproach, what is the mass in grams of one magnesum atom? Show al
work. Whét isthe massin grams of one molecule of H,SO,?

Part Il. Using Molesto Find Formulas

Suppose you had exactly one mole of carbon, 12.01 grams and you chemicaly combined dl of it with
oxygen. In other words, you burned it completely.

Write the chemica equation for the reaction.

For every single atom of carbon, how many single atoms of oxygen are needed to form one molecule of
the product carbon dioxide?

How many atoms of carbon are in one mole of carbon?

How many atoms of oxygen would be needed to form one mole of CO,?

What is the mass of the oxygen needed to react with one mole of carbon?

What would be the find mass of the CO,?

Let=s suppose that you did not know ahead of time what the formula for the carbon dioxide product
was. Maybe when carbon burnsit forms CO or CO; or perhaps C,O3. If you had burned 12.01
grams of carbon, collected al the gas that was formed and found its mass to be 44.01 grams, you
would then know that the mass of the oxygen that added to the carbon was

grams.

32.00 grams of oxygen X 1 mole of oxygena@oms = 2 moles of oxygen aloms
16.00 g of oxygen

Thisinformation can be used to figure out the formula of the gas.
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1 mole of carbon and 2 moles of oxygen combined to form acompound. For every one atom of
carbon there are two atoms of oxygen. The formula could be CO,, Thesubscriptsin aformulatell
ustherelative number of moles of the elementsin the compound. Please note that the actud
molecular formula could be C,O, since the rdative number of C to O in this compound isaso 1:2.

If we know the masses of dl of the dements that combined to form a compound and convert those
masses to number of moles, and convert the values to whole numbers, we will know the relative number
of moles for each dement in the compound. These vaues are the subscripts in the empirical formula
or thesmplest formula.

In the following laboratory exercise, you will determine the empirical formulaof the compound formed
by the combination of the dements magnesium and oxygen. Y ou will find the empiricd formulain the
way that we Afigured out(l the empirical formulaof carbon dioxide, thet is, by combining magnesum with
oxygen and finding the mass of the oxide product. Thisiseaser to do than finding the empirica formula
of CO, because the magnesum oxideisa solid. Because magnesum will react with nitrogen aswell as
oxygen, we cannot do the procedure in one step.

PROCEDURE
1. Before you begin reading the procedure- write down three pieces of data that you know you
will have to collect during the activity in order to determine the empirica formula of magnesum

oxide.

1.

2.

3.

2. During the experiment, on the data sheet provided, congtruct a data table, show
cdculations, and clearly indicate the results and your conclusion. Write balanced equations
for thedl chemica changes that occur.

3. Clean acrucible and cover. Placethe crucibleinto atriangle on aring
and heat it in the hottest part of the Bunsen burner flame until bottom of
crucibleisAredd hot. Continue heating for another minute (this eiminates
any volaile impurities). USING CRUCIBLE TONGS place the crucible
and cover on afireproof fiber board to cool. For our purposes, cool
means being able to pick it up comfortably without using the tongs.

4. Find the mass of the heated crucible and cover.
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5. Obtain atota of about 10 cm of Mg ribbon and clean it by stroking it with fine steel woal to
remove any corrosion (oxidation product). Cut the ribbon into smaller pieces and placedl of
them into the crucible. Since the Mg tendsto fly off as the ribbon is snipped it is recommended
that you cut the ribbon at a sharp angle right over the crucible.  Put the cover back on the
crucible and re-mass.

6. Heat the covered crucible containing the Mg strongly for about five minutes. During the
heating use the tongs to lift the cover off dightly every minute for afew seconds. Thisadmitsair
into the crucible without alowing any oxide to escgpe. Next, remove the cover and hesat
strongly for another minute. Allow the crucible to cool. While hegting, write any reactions for
magnesium with oxygen and nitrogen on the data sheet.

7. Cool, replace cover, find find mass.

DATA SHEET

Chemical Reaction:

Hesting magnesum in ar (magnesium and oxygen)

Data

Results
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Extension Activity

1 We know that if we burn C completely we will get CO,. The previous activity showed us how
to get the empirica formula or smplest formulafor acompound by finding the masses of dl the
elements in the compound and converting those masses to moles and dividing dl of the moles by
the lowest number of moles.

So, for carbon dioxide we would know that the empirical formulais CO, or two oxygens for
every one carbon atom. But the actud or molecular formula could be C,0O,, Snce thisdso has
aratio of 1 to 2 carbonsto oxygens.

How can we find the molecular formula or actual formula if we know the empirical
formula?

If 1 had one mole of CO; it would have a mass of about 44 grams.
If the actua formulawas C,0, the mass of a mole would be 88 grams.

There are ways of finding out the molar mass of acompound. One way is to use an instrument
caled amass spectrometer. A sample of the compound is placed in the instrument and the
relative masses of the dements are determined. 1n common types of empirica and molecular
formula problems you will have to be told the molar mass. If you dready have the empirica
formula you find the empirica mass (molar mass of the empirica formuld). Then, divide the
molar mass by the empirical massto get awhole number. Multiply the empirical formula by this
number to get the molecular formula.

Example CH, = empirica formula 56.0 g/mole = molar mass
14.0g = empiricd mass (12.0g (1 C atom) + 2.0g (2 H atoms) = 14.0)
Molar MassEmpirical Mass=56/14=4
So C4Hg isthe molecular formula

Try the following problem.

A compound made of oxygen and nitrogen when analyzed is found to have a composition of
1.52g of N and 3.47g of O. The molar massis known to be between 90 and 95g. Determineits
molecular formula and its precise molar mass.
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