Chemistry I-Standard

The Mole Concept & Chemical Composition Lecture Notes
Review: What’s the difference between an atom & a molecule?  An atom is only single unit of one element from the periodic table.  A molecule has more than one atom bonded together:


Ex:  Al is an atom.  Al2O3 is a molecule.         

Mole: (mol) a term used to measure an amount of matter in atoms, molecules, or molar mass. The mole is a counting unit! Think of this like you would the words dozen, couple, bunch, several.
Important Numbers & Quantities:

1. Atomic Mass: the mass of an atom found on the periodic table. The mass on the PT is for a mole of that element.
2. Molar Mass (aka formula mass, molecular mass or molecular weight):  the mass of an element found by adding up the numbers from the PT.
3. Avogadro’s Number: 6.022x1023 atoms or molecules per mole
Determining the Molar Mass for a molecule:

“Molar Mass” is also known as formula mass, molecular mass, or molecular weight

1. Multiply the number of atoms of the first element by the subscript (the subscript tells you the # of atoms)

2. Multiply the number of atoms of each other element by its subscript.
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Add those numbers together.

          Ex:     K2CO3  =     K:   2 atoms x  39.10 g  =  78.20 g  

                                       C:   1 atom x 12.01 g  =  12.01 g               =      138.21 g

                                       O:   3 atoms x 16.00 g  =  48.00 g

Essential Question:  How do you know how many decimal places to use when getting the mass from the PT?

Percent Composition

Definition:  The amount of one element in a molecule compared to the amount of the molecule (i.e. the percent of a piece compared to the whole.)

When have you done this before?  You’ve done the same type of math when you figure out how many girls there are in a classroom compared to the total number of people in the classroom.

Steps for Solving:


1. Determine the mass of the single element in question (sometimes you’ll find the mass of a polyatomic ion or hydrate instead.)

2. Determine the mass of the entire molecule (use Molar Mass notes on the Mole Conversion notes sheet)

3. Divide the mass of the single element by the mass of the entire molecule.

4. Multiply by 100.
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Practice Problems:

1. Calculate the % composition of carbon in a carbon dioxide molecule.

2. What is the % composition of sulfur in sodium sulfate?

3. What is the % composition of phosphate ions in Ca3(PO4)2?  (For fun, name that compound ( )

Hydrates: 
Definition:  Sometimes a molecule is attracted to water in the air around it.  These are called “hydrates”.  The water molecule is not actually bonded to the anhydrous (the molecule itself), but is “attracted” to it.  

What does it look like?  CuSO4 ( 5H2O

What is that thing called?  Copper sulfate pentahydrate

How do I figure out the mass of that kind of molecule?  

1. Figure out the mass of CuSO4 as usual.

2. Figure out the total mass of water (18.02g *5, because there are 5 water molecules)
3. ADD those two numbers together.    **NOTE:  I know that ( looks like a x sign, but it isn’t!!

How do I figure out the % composition when I have a hydrate?  Just like you did in the steps above, using the new rules above for determining the mass of a hydrate.

Practice Problems:

Let’s use CuSO4 ( 5H2O for these 3 examples:
1. Calculate the % composition of copper.

2. What is the % composition of water?

3. What is the % composition of the anhydrous (CuSO4 is the anhydrous)?  
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Mole Conversions
· These problems are similar to the ones we encountered in the first unit. We’ll be using different conversion factor:
· 1 mole = 6.02 x 1023 atoms or molecules*
· 1 mole = molar mass (measured in grams (g))

· 1 mole = 22.4 L (for gases only and STP conditions)


If each one of those is equal to 1 mole, then that means they are equal to one another. Ex:  20.18 g Ne =  6.02 x 1023 atoms = 22.4 L
Process for Solving Mole Conversion Problems :

What you’re doing:  converting from one unit to another by using factor-label and dimensional analysis.  Previously mentioned conversion factors are used for the comparisons.
Sample Problem #1:     Determine the mass in grams of 3.57 mol Al

	3.57 mol Al
	26.98 g Al

	
	1 mol Al


Sample Problem #2:
   How many atoms of iron are in a 98.5 mol sample?

Sample Problem #3:
   How many atoms of sodium are in a 56.2 g sample?

Sample Problem #4:
    Determine the number of moles in 25.5 grams of silver.
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Empirical & Molecular Formulas

· the empirical formula of  a substance is the simplest whole-number mole ratio of the elements that make up the atom

· the molecular formula is the actual number of elements that make up a compound – it will always be a whole number multiple of the empirical formula

· for example, the simple sugar – glucose – has a molecular formula of C6H12O6.  Its empirical formula is CH2O.
· a special group of compounds called “hydrates” have a definite number of water molecules attached to the “anhydrous” salt.

· Analysis of the compounds may in several different units – grams, percentages, moles, number of particles, etc.  In all cases, the quantity needs to be converted into moles.

· Once the number of moles of each substance is determined, divide all moles by the smallest mole quantity.  If fractions are produced, then multiply by a factor that will give whole numbers.

· If percentages are given, assume that you have 100 grams; then the percentage will be equivalent to grams.

Example Problems:
1. Find the empirical formula for a compound which contains 32.8% chromium and 67.2% chlorine.
2. A compound of boron and hydrogen contains 18.9% hydrogen and 81.1% boron.  What is the empirical formula of this compound?

3. A certain compound used for fertilizer analyzes 5.0% hydrogen, 35.0% nitrogen, and 60.0% oxygen.  What is its empirical formula?

4. If the compound in #3 is known to have a molecular weight of 160.0 g/mole, what is the true, or molecular, formula?

5. When a hydrate of calcium sulfate is heated, all of the water is driven off.  If 34.0 grams of the anhydrous salt remains when 43.0 grams of the hydrate is heated, what is the empirical formula of the hydrate?

Equation:








