Do Practice Problems p. 190 #35 – 38

Do Practice Problems p.191 # 39 – 42

Chapter 6   Chemical Proportions in Compounds

Percentage Composition
Law of Definite Proportions: the elements in a chemical compound are always present in the same proportions by mass.


But the law of definite proportions does not imply that elements in compounds are always present in the same relative amounts. 

Example:  water and hydrogen peroxide: both contain hydrogen and oxygen but in a different ratio:  H2O and H2O2   

Ex:  carbon dioxide and carbon monoxide



CO2



CO

The percentage composition of a compound refers to the relative mass of each element in the compound.

Practice Problem #1 p.201

1. Mass of calcium = 0.90 g

Mass of chlorine = 1.60 g

Total mass = 2.50 g

% Ca =      0.90 g   x  100%    =   36%



     2.50 g

% Cl =      1.60 g    x  100%   =  64%



    2.50 g

Do Practice Problems p. 201 # 2-4

Do Practice Problems p.204 # 5-8

Section Review p.205 – 206

The Empirical Formula
Section 6.2

John Dalton stated that atoms combine with one another in simple whole number ratios to form compounds.  

Ex)

Benzene has the molecular formula C6H6
The EMPIRICAL FORMULA of benzene (also known as the simplest formula) is CH.  It shows the lowest whole number ratio of the elements in the compound.

The MOLECULAR FORMULA (also known as the actual formula) describes the number of atoms of each element that make up a molecule or formula unit.

Ex)
Pg 209 #9.
Assume a 100 g sample


Atoms
%

mass
mole

Ratio

H

17.6

17.6 g
17.6 mol

3


N

82.4

82.4 g
5.886 mol

1


( the empirical formula is NH3
10. Assume 100 g sample.

Atom
%
 mass(g)

mole (mol)
Ratio

  Li

46.3
    46.3

6.6715

2

   O

53.7
     53.7

3.3562

1

( empirical formula is Li2O

11. Assume 100 g sample.

Atom
%
  mass (g)
mole(mol)
Ratio

B

15.9
      15.9

   1.4709


1

F

84.1

84.1


4.4263

3

( E.F is BF3
12. Assume 100 g sample.

Atom
%
mass(g)

mole(mol)
Ratio

Cl

52.51
52.51
1.4833


1

S

47.48
47.48
1.4805


1

( E.F. is ClS

Do Practice Problems pg.211 #13 – 16

Experiment p.212 Determining the Empirical Formula of Magnesium Oxide.

Section Review p.214 #1, 2, 3, 4, 6, 7, 8

The Molecular Formula
Section 6.3

Determining a Molecular Formula

 Molar Mass of
= n  x  Molar mass of 

Compound



empirical formula

Where n = 1,2,3…

Example p.218

17. EF = C2H5
The molar mass of butane is 58 g/mol.

The molar mass of EF is 29 g/mol


( 58   =   n  x   29



n = 2

( MF is  n(C2H5) where n=2



or

C4H10
Finding Empirical and Molecular Formulas by Experiment

Section 6.4

Please read page 219- 220.

Example:

Let’s consider an empirical analysis of ascorbic acid (vitamin C), designed to determine its molecular formula.  Experiment reveals that it is a compound of C, H, and O.  A combustion analyzer reveals that the combustion of 1.00 g of ascorbic acid produces 1.50 g of CO2 and .405 g of H2O.  

A carbon-hydrogen analyzer is a useful instrument for determining the percentage composition of compounds that are made up of carbon, hydrogen, and oxygen.  This analyzer works because compounds containing carbon and hydrogen will burn in a stream of pure oxygen, to yield only carbon dioxide and water.

[image: image1.png]“JoJEM BU) Ul PAUIEIUOO 1 9IdWies au Ui USBOIPAY B} Iy “8pIXOIp
UOGIED BU) Ul PAUIEIUOD S| SIGLUES BU) Ul UOGIED DY) [[E “UONSNGUIOD BU) JolY
“JozA[eue uoRSNQUIOD USBOIPAL-UOGIED © 4O Weibelp JjewaYdS v 'g'g 2InBly

010 weans

POGIOSQE 10U SIS IO 0506 100

Swowoe 4o pue ')

Bunewos punockuos o Sdes




Determine the molecular formula of the compound if the molecular mass was determined to be 176.14 g/mol.

Answer:

CxHyOz  +  O2  (     CO2   +    H2O

  1.00 g


     1.50 g
.405 g

moles CO2  =  1.50 g   x   mol  

44.01g

= 0.03408 mol

moles C atoms =  0.03408 mol  since 1 C atom per                      

molecule

mass of C = 0.03408 mol  x 12.01 g







mol




=  .4093 g

Similarly,


Moles of H2O =  0.405 g  x   mol  







   18.02 g






=  0.02248 mol

Since there are 2 H atoms per molecule


Mole H atoms = 0.02248 mol x 2 H atoms 






= 0.04495 mol H


Mass of H = 0.04495 mol x 1.01 g  








     Mol




= 0.04539 g

( mass of O  =  1.00 g – (0.4093 g + 0.04539 g)


mass of O = .54531 g

( moles of O = .54531 g x  mol 






  16.0 g




 = 0.03408 mol

Ratio of C  :  H  :  O  is


0.03408 :  .04495 :  0.03408

       1       :     1.32  :    1  

Multiply by 3 in order to get 1.32 close to a whole number.

( 
3    :     3.96      :     3

( EF is C3H4O3
Now to determine the molecular formula:

Since the molar mass of the EF is 88.0 g/mol

and the
molar mass of the MF is 176.14 g/mol

The molecular formula is

176.14 = n(C3H4O3)


n  =  2


C6H8O6 




Do Practice Problems pg. 221 # 21-22

Determining the Formula of an Unknown Hydrate
p.223

Hydrate: an ionic compound with water molecules incorporated into the crystal structure.

Anhydrous:  compounds that have no water molecules incorporated into them.

Practice Problems p.225 #23-25

23.
MgSO4   6H2O


Mass of Hydrate = 228.31 g/mol


Mass of water 
= 6(18.01 g/mol)






=  108.06 g/mol


% H2O  =  108.06    x    100%




     228.31




=  47.3 %

24.


SrS2O3   xH2O (
 SrS2O3    +    H2O

Mass

3.34 g


2.30 g

     x g


Using the Law of Conservation of Mass


 3.34 g  =  2.30 g  +  x g


( x = 1.04 g

mole H2O = 1.04 g  x   mol





  18.01 g




=  0.05775 mol

Moles of SrS2O3  =  2.30 g   x     mol  








 199.76 g





=  0.01151 mol

Mole ratio of SrS2O3        :     H2O





0.01151 :     0.05775





1            :        5

( the hydrate formula is SrS2O3      5H2O

25.

Zn(ClO3)2    xH2O


% Zn  by mass is 21.5%

( molar mass of zinc = 65.39 g/mol


.215  =  65.39 g 



    x  g



x = 304.139 g  of hydrate

Mass of anhydrous Zn(ClO3)2    = 232.29 g/mol


Mass of water = 304.139 g – 232.29 g





=  71.849 g H2O


mol H2O  =  71.849 g   x     mol 







  18.01 g




=  4.00 mol

( hydrate formula is Zn(ClO3)2    4H2O

Experiment p.226 Determining the Chemical Formula of a Hydrate

Chapter 7

Quantities in Chemical Reactions

Stoichiometry

Mole ratios in Balanced Chemical Equations

A balanced equation tells us the ratio of the amounts of reactants and products taking part in a chemical reaction.  This ratio applies to the number of entities or amount in moles.

Consider:


N2 (g)          +           3H2 (g)  (       2 NH3 (g)
1 molecule


3 molecules

2 molecules

1 dozen molecules
3 dozen 


2 dozen






molecules

molecules

1 mol nitrogen

3 mol hydrogen
2 mol










ammonia

1(NA) molecules

3(NA) molecules
  2(NA) 










   molecules

6.02 x 1023 


1.81 x 1024

1.20 x 1024
molecules


molecules

molecules

Note that the same ratio whether individual molecules, moles, or large numbers of molecules are considered the numbers in each row are the same (1:3:2).

When moles are used to express the coefficients in the balanced equation, the ratio of reacting amounts is called the mole ratio.
Consider Practice Problems p. 237 # 1-3

1. 2H2 (g)  +  O2 (g)  (  2 H2O (l)
a)
H2: O2 : H2O  =   2 : 1 ; 2

b) 2 H2  : 1 O2  =  100 molecules :  x

x = 50 molecules


c)
2 H2O (l)   =    x molecules H2O


O2 (g)

2478 molecules O2


x = 4956 molecules water


d)
2H2 (g)  =   x molecules 2H2 (g)


O2 (g)
    6.02 x 1023 molecules O2



x = 1.20 x 1024 molecules H2
Mass Relationships in Chemical Equations
What a Balanced Chemical Equation Tells You

Balanced
N2 (g)   +     3H2 (g)  (    2NH3 (g)
Equation

Number 
1 molecule N2 + 3 molecules H2 (
of 





2 molecules NH3
particles


(molecules)

Amount 
1 mol N2  +  3 mol H2 (  2 mol NH3
(mol)

Mass (g)
28.0 g N2  +  6.1 g H2 (  34.1 g NH3
Total mass
34.1 g reactants
 (  34.1 g product

(g)

Stoichiometry:  is the study of the relative quantities of reactants and products in chemical reactions.

Mass to Mass Calculations for Reactants
Ex)
p.244 #11

11.

(NH4)2SO4 (s) + 2 NaOH (aq) (  Na2SO4 (aq) + 2NH3 (g)  +  2H2O (l)
 15.4 g

     x

The Limiting Reactant
Sec 7.2

The reactant that is completely used up in a chemical reaction is called the limiting reactant.  When the limiting reactant is used up, the reaction stops.

A reactant that remains after a the reaction stops is called the “excess reactant”.

Practice Problems p.254 #23 – 26

Experiment p.255

Limiting and Excess Reactants

Do Practice Problems p.257 # 27 – 30

Section Review p.258 # 1 – 7

[image: image2.png]Write a balanced chemical equation.

|

Identify the limiting reactant.
Express it as an amount in moles.

Calculate the amount of the
required substance based on the
‘amount of the limiting reactant.

Y

Convert the amount of the
required substance to mass or
number of particles, as directed
by the question.

Figure 7.7 B0 sure o datermine he imiting esctant
nany stoichiometric problem before you SoNve i





Percentage Yield
Section 7.3

% Yield = actual yield    

 x      100%



      theoretical yield

Theoretical Yield:  the amount of product that is predicted by stoichiometry.

Actual Yield:  the amount of product that is obtained in an experiment.

Practice Problems p.262 #31 – 33

And p. 264 # 34 – 37
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