Chemistry 112 
Chapter 7 - Class Notes 

CHEMICAL REACTION CALCULATIONS 

      Quantitative Analysis 
If you recall, there are two types of chemical analysis qualitative and quantitative. 

· Qualitative — litmus paper, flame tests, and selective precipitate. 

· Quantitative — 
(1) concentration (conc. = # of mole of solute ) 



     L of solution 

(2) Another type of quantitative analysis is to find the mass of a compound in solution by combining it with an excess quantity of a reactant that creates a  

     precipitate. 

 Limiting reagent — compound that is completely consumed in the reaction

 Excess reagent —  the compound that is present in more than required amount 

Mass of Reactants and Products 
In chemical equations, the coefficients indicate the ratio of the amount of substances

Ex.
Cu(OH)2 * CuCO3   (    2CuO   +  CO2   +    H20


1 mol           makes     2 mol      1 mol      1 mol
        0.5 mol                            1 mol     0.5 mol    0.5 mol
       1.82 mol                           3.64 mol   1.82 mol    1.82 mol
** same as concentration comparison (ratios)

If you know the mass of one substance in a balanced equation then you can find the mass of any other substance in the same equation! How? 

-By comparing the mol : mol ratio. 

Stoichiometry - is a series of steps used to measure something 

There are three types: 

· gravimetric stoichiometry 

· gas stoichiometry 

· solution stoichiometrv 

Even thought there are three types you can use the same four steps to solve all. The steps do not differ, only the conversion factors change. 

Conversion Factors 
Mass/ mole   (    1 mole = molar mass in grams of compound
Volume/ mole (   1 mole = 22.4L (STP) or 24.8L (SATP) of gas
Volume/ mole (at a certain T and P)  (  pv = nRt 
Concentration/ mole ( C= n/V

Steps for Stoichiometry 
1. Write a balanced chemical equation 
2. Convert the given substance to moles using the correct conversion factor 
3. Compare the mole: mole ratio between the given and required substance. 
4. Convert the moles of the required substance back to the unit asked for by using the correct conversion factor. 

 GAVIMETRIC STOICHIOMETRY 

This is a procedure for calculating the masses of reactants or products in a chemical reaction. 
Example: page 224 and 225 in text
Testing the Stoichiometric Method 
The most rigorous test of any scientific concept is prediction and prediction is falsified if the % difference is more than 10%.
 To test this, filter the products and mass the precipitate that was produced. If it is close to the calculated mass (stoichiometry), than the procedure is verified.


Assumptions in Stoichiometry
1. the reaction being studied is spontaneous 
2. the reaction being studied is fast 
3. the reaction being studied is quantitative (99% complete) 
4. the reaction being studied is stoichiometric (there is a simple whole number ratio of moles of reactants and products) 

HINT: Question #15 on page 229 

Pb(N03)2 + 2 KBr  (  2 KNO3 + PbBr2 (double replacement) 

**Use the solubility chart on the back cover of the text to see which product is the precipitate. (remember Chapter5) 
Questions 16 and 17 are similar 
 GAS STOICHIOMETRY 

Many chemical reactions involve gases. One example is the combustion of propane in home barbecues. 

Remember:
At STP one mole of any thing equals 22.4 Umol (V) 


At SATP one mole of any thing equals 24.8 1/mol (V) 
Conversion steps:  mole( volume   1 mole = 22.4 L (STP) or 24.8 L (SATP)


      At other temp and pressure: pv = nRt 

See Examples on page 230 and 231 (two methods as illustrated) 

A few extra question:       

1.   2CH3OH + 3O2 ( 2C02 + 4H20 
                     ?L(STP)              28L at 111 °C and 58 kPa 
2.   2NaCl  (   2Na  +   Cl2 
          ?g                          2l0 L at 35°C and 108 kPa 

3.   CH4 +   202        (        CO2 +  2 H20 

      ?  L (at SIP)       46 L (at STP) 

4.    C3H8 +  502 (   3C02 + 4H20 
        210L                 ? L 
        35.6 °C              24 °C 
        109 kPa            160 kPa 

 SOLUTION STOICHIOMETRY 
The majority of stoichiometric work in research and in industry involves solutions, particularly aqueous solutions. Now the conversion step involves concentration. 

Conversion:  concentration (> moles     C = n/V

Now we work with molar concentration and volumes of solution rather than molar mass and mass of substances. 

See Example on page 235 

Volumetric Techniques 

Standard Solution - a solution with a precisely known concentration 

To prepare a standard solution, precision equipment is required to measure: 
(1) mass of solute 
(2) volume of solution 

Calculating the mass of a pure solute for a standard solution: 
Two steps: 
(1) Need to know the molar concentration and volume of solution 


Moles of solute = conc. x volume of solution 
(2) Convert the amount of moles to grams (mass) using molar mass conversion

Preparing a standard solution by Dilution 
Sometimes you may have to dilute the solution before it is used You can dilute by adding water to a measured quantity of a STOCK SOLUTION 

Graduated cylinders are not precise enough sometimes for small amounts of volumes so therefore we use volumetric pipettes 

They come in different sizes and transfer only specific volumes. 
The key to diluting calculations is in understanding that the initial amount of solute is equal to the final amount of solute. 


       n (initial) = n (final) 



CiVf = CiVf 

Chemical Analysis by Titration 
A common method used to determine the concentration of solute in solution. 

Titration — a progressive transfer of a solution from a burette into a measured volume of a sample solution, often in an Erlenmeyer flask. 
Burette — is a precisely marked glass cylinder with a stopper at one end. 

How is the completion of a reaction indicated? COLOR CHANGE (indicates the endpoint) 

Usually you repeat measurements until three trials result in volumes within 0.1 — 0.2 ml, then average the results and solve using a solution stoichiometric calculation. 

Lab Exercise 7H 


CH3COOH + NaOH -* NaCH3COO + HOH 

10.0 ml         ? ml (solved by titration 13.0 ml +12.9 ml + 13.1 ml = 13.0 ml)

?mol/L         0.2O2 moL/L 


solve using factor label method!
