Honors Chemistry I



NOTES
THE MOLE

#3. Isotopes
Atoms of an element can have different numbers of neutrons in their nuclei. Atoms that have the same number of protons, but different numbers of _______________ are called isotopes.
Most H atoms have a nucleus consisting of 1 proton and 0 neutrons,   called __________________. 
 However, 1 H atom in ~6,700 has 1 neutron and 1 proton this is called ___________________.  

A third isotope of hydrogen is called ______________.  It has 2 neutrons and one proton.   

Hydrogen’s atomic mass is the average of Protium, Deuterium, and Tritium’s  atomic masses.  

#4. 
ATOMIC WEIGHTS
Rounding rules for writing atomic weights:


1-3
Report as a whole number


4-6
Keep one place after the decimal


7-9
Round up

 Exceptions:

· Cl 35.5

· Zn 65.4

· Hg 200.5
#5. Atomic Weights
Element  
Atomic Weight 

 What You Write

H


1.0079


_______


He 

4.003


           _______
Li


6.941



_______

Mg


24.305


_______
Cu


63.546


_______
Hg


200.59


_______
#6. MOLECULAR MASS
Refers to the mass of a molecule. 
Molecular mass is the ________of the atomic masses of the atoms in a molecule

To determine molecular mass, simply look at the periodic table!

· The masses shown on the periodic table are called atomic masses.

· Add up all the atomic masses for the atoms that make up the molecule. 

· The units are __________  _______  ________(expressed as u).                 

#7.MOLECULAR MASS
Ex. Calculate the molecular mass of vitamin A,  C20H30O.

C – 20 x 12 = 240 u

H – 30 x 1   =   30 u

O -  1 x 16   =   16 u
                        ?   u                      
#8. MOLECULAR MASS EXAMPLES
Calculate the molecular mass of CO2.

1. C –  1 x 12
= 12 u

2. O –  2 x 16
= 32 u


                           ? 
The molecular mass of CO2 is __________ u.

Calculate the molecular mass of sulfur dioxide (SO2), an irritating gas formed when sulfur is burned.

1. S –  1 x 32
= 32 u

2. O –  2 x 16
= 32 u

                                   ?? u
The molecular mass of SO2 is __________ u.

#9 FORMULA MASS
To determine the formula mass of an ionic compound you use the same calculation.

· The only difference is terminology.  

Ionic compounds are not called _____________, but _________  _________.
Formula mass is the sum of the atomic masses of the ___ in an ionic compound.
#10. FORMULA MASS EXAMPLE

Calculate the formula mass of calcium phosphate, Ca3(PO4)2.

Ca – 3 x 40  = 120 u

 P –  2 x 31   =  62 u

O – 8 x 16   = 128 u
                     ?? u
The formula mass of calcium phosphate is ___________ u.
#11. FORMULA MASS EXAMPLE
Calculate the formula mass of NaN3, used in automobile air bags.

1. Na – 23 x 1
= 23 u

2. N –  14 x 3
= 42 u




     ?? u

The formula mass of sodium azide is ______________ u.
#12. Determine the following molecular and formula mass:

1. NaHCO3 – main ingredient in baking soda

2. (NH4)2SO4 – fertilizer used in home gardens

3. 
1. H3PO4 – phosphoric acid

4. 
2. (NH4)3PO4 – product of the reaction of ammonia and phosphoric acid

5. 
3. KClO3 – potassium chlorate

      6. 
4. (NH4)2CO3 – ammonium carbonate

      7. 
5. C3H5(NO3)3 – nitroglycerine, an explosive

8.  
6. O3 – ozone/disinfectant

9.  
7. C8H8O4 – acetylsalicylic acid, the fever reducer in aspirin

10. 
8. NH4NO3 – ammonium nitrate, a fertilizer

11. N2O3 – dinitrogen trioxide

12. Fe2O3 – iron (III) oxide

#13. MOLE
Most samples of elements or compounds have huge numbers of atoms in them.

To make it easier to work with these large numbers, chemists created a unit called the ______________.
It is used to convert between mass, volume, and particles (atoms, ions, molecules)

#14. THE MOLE

The mole is the SI unit for the ______________of a substance.

A mole is defined as the number of atoms in exactly 12 grams of carbon-12, a volume of 22.4 dm3 of a gas or 6.02 x 10 23 atoms of a substance.

The mole is used like a dozen, gross, barrel.

#16. MOLAR MASS

To convert between moles and grams, chemists use the molar mass of a substance. 

The molar mass of an element is the mass, in grams, of one mole of the element.
#17. AVOGADRO’S NUMBER
Avogadro determined that the atomic mass of any element contains 6.02 x 10 23 atoms.

 The mass of carbon is 12 g, so that quantity of carbon contains 6.02 x 10 23 atoms .

#18. PARTICLES
These are the smallest pieces of a substance: 
 For a molecular compound –it is a ________________________. 

 For an ionic compound-  it is a ________________ __________. 

 For an element- it is an _____________________.
#19. MEASURING MASS
Remember relative atomic mass? 
The amu was one twelfth the mass of a carbon 12 atom. 
Since the mole is the number of atoms in 12 grams of carbon-12, 
  the atomic number on the periodic table is also the mass of 1 mole of those atoms in ___________________.

#20. Gram Atomic Mass 
Gram atomic mass is the mass of 1 mole of an element in grams. 

12.01 grams of carbon has the same number of pieces as 1.008 grams of hydrogen and as 55.85 grams of iron. 

We can write this as 12.01 g C = 1 mole 

We can count things by weighing them.

#21. What about compounds ?
· In 1 mole of H2O molecules, there are two moles of H atoms and 1 mole of O atoms 
· To find the mass of one mole of a compound: 
      1.  determine the moles of the elements they have 
      2. Find out how much they would mass
      3. add them up

#22. Gram Molecular Mass
What is the mass of one mole of CH4? 

1 mole of C = 12.01 g 

4 mole of H x 1.01 g = 4.04g 

1 mole CH4 = 12.01 + 4.04 = 16.05g 

The Gram Molecular mass of CH4 is ______________g. 

This is the mass of one mole of a molecular compound.

#23.Gram Formula Mass 
To calculate the mass of one mole of an ionic compound: 

Calculate it the same way. 

What is the GFM of Fe2O3? 

2 moles of Fe x 55.85 g = 111.70 g 

3 moles of O x 16.00 g  = 48.00 g 

The GFM = 111.70 g + 48.00 g = _________________ g.
#24. Molar Mass 

Molar mass is the generic term for the mass of one mole of any substance. 

It is the same as gram molecular mass, gram formula mass, and gram atomic mass.

This is used to change grams of a compound to moles of a compound. 

#25. Gases and the Mole 

Many of the chemicals we deal with are gases. 
They are difficult to weigh. 
Need to know how many moles of gas we have. 
Two things affect the volume of a gas 
Temperature and pressure 
Compare at the same temp. and pressure.
#26. Standard Temperature and Pressure 

_______________°C and _________ atm pressure

 This is abbreviated STP 
At STP, 1 mole of gas occupies ______________ L .  

This is called the molar volume 
Avogadro’s Hypothesis – “at the same temperature and pressure equal volumes of gas have the same number of particles.”
#27. SUMMARY

· We have learned how to:

· change moles to grams 
· moles to atoms 
· moles to formula units 
· moles to molecules 
· moles to liters 
· molecules to atoms 
· formula units to atoms 
· formula units to ions
#28. WHAT CAN YOU DO WITH MOLES?
Moles are the backbone for doing chemical math.

We will use Moles to find a solution’s concentration (molarity), to determine the percentage of each element in a compound, to determine a compound’s empirical and molecular formula.
#29. MOLARITY-SOLUTION CONCENTRATION
A solution is composed of two parts:

  1. ________- is the substance being dissolved and is the one is lesser amount.

   2. ______________ – is the substance doing the dissolving and is the one in greater amount.

A solution can be any combination of gas, liquid or solid.
#30. MOLARITY-SOLUTION CONCENTRATION
Molarity is the moles of _____________ dissolved in one ________of solution.

Molarity (M) = moles

             
       Liters
#31. 1.0 M Solution Preparation
A 1.0 M solution contains 1 mole of solute in a liter of solution

Procedure:  

       1. Solute is accurately weighed

       2. Solute transferred to volumetric

           flask

       3. Solvent added and solution stirred

           until  all dissolved

3. Fill flask to 1 liter mark with water. 
#32. Percent Composition 

Part    x 100 

 
whole 

    Find the mass of each component, divide by the total mass.

#33. EXAMPLE

· Calculate the percent composition of a compound that is 29.0 g of Ag with 4.30 g of S.      ___________________%
#34. Find % Comp. from the formula 

If the formula is known, assume you have 1 mole. 

Then calculate % comp. based on GFM. 


#35. EXAMPLE

Calculate the percent composition of C2H4? ___________________%
Aluminum carbonate.   ______________________%
#36. Empirical Formula
From percentage to formula

Empirical formula is the lowest whole number ratio of elements in a compound. 
The molecular formula is the actual ratio of elements in a compound. 
The two can be the same. 
CH2 empirical formula 
C2H4 molecular formula 
C3H6 molecular formula 
H2O empirical and molecular formula

#37. Empirical Formula
From percentage to formula

A formula is not, just, the ratio of atoms, it is also the ratio of moles of atoms. 
In 1 mole of CO2 there is 1 mole of carbon and 2 moles of oxygen. 
In one molecule of CO2 there is 1 atom of C and 2 atoms of O. 

#38. Calculating Empirical Formula from Percentage

Means we can get ratio from percent composition. 
Assume you have a 100 g. 
The percentages become grams. 
Can turn grams to moles. 
Find lowest whole number ratio by dividing by the smallest.

#39. EXAMPLE

Calculate the empirical formula of a compound composed of 38.67 % C, 16.22 % H, and 45.11 %N. 
Assume 100 g so 
38.67 g C  x   1mol C    = 3.220 mole C 



12.01 g C 
16.22 g H x   1mol H    = 16.09 mole H 


1.01 g H 
45.11 g N  x   1mol N   = 3.219 mole N 


  

14.01 g N
#40.EXAMPLE
The ratio is:

 3.220 mol C= 1 mol C


  3.219 mol N = 1 mol N 
16.09 mol H  = 5 mol H


Empirical formula is  ___________________         or CH5N
#41. EXAMPLES
A compound is 43.64 % P and 56.36 % O. What is the empirical formula? _______________
Caffeine is 49.48% C, 5.15% H, 28.87% N and 16.49% O. What is its empirical formula?__________________
#42. Empirical to Molecular 

Since the empirical formula is the lowest ratio, the actual molecule would weigh more. 
By a whole number multiple. 
Divide the actual molar mass by the mass of one mole of the empirical formula. 
Caffeine has a molar mass of 194 g. what is its molecular mass? ____________
#43. EXAMPLE

A compound is known to be composed of 71.65 % Cl, 24.27% C and 4.07% H. Its molar mass   (from gas density) is known to be 98.96 g. What is its molecular formula? _________________
