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3 • Stoichiometry

​Lecture Notes

Law of Conservation of Mass

“We may lay it down as an incontestable axiom that, in all the operations of art and nature, nothing is created; an ____________________________________________________________  ________________________.  Upon this principle, the whole art of performing chemical experiments depends.”

--Antoine Lavoisier, 1789

Chemical Equations

Concise representations of chemical reactions
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Subscripts and Coefficients Give Different Information

· Subscripts tell ________________________________________________________
· Coefficients tell ________________________________________________________
Combination Reactions

· Two or more substances ________________________________________________________
· Examples:

N2 (g) + 3 H2 (g)  (((  2 NH3 (g)
2 Mg (s) + O2 (g)  (((  2 MgO (s)

Decomposition Reactions

Examples:

· One substance _________________________________________________________________
CaCO3 (s) (((  CaO (s) + CO2 (g)
2 NaN3 (s)  (((  2 Na (s) + 3 N2 (g) 
Combustion Reactions

· Rapid reactions that _____________________________________________
· To combust is to react, or burn, in the presence of oxygen

· Most often involve _________________________________________________________________
· Examples:

CH4 (g) + 2 O2 (g)  (((  CO2 (g) + 2 H2O (g)
C3H8 (g) + 5 O2 (g)  (((  3 CO2 (g) + 4 H2O (g) 

Formula Weight (FW)

· Sum of the atomic weights for the atoms in a chemical formula

· So, the formula weight of calcium chloride, CaCl2, would be

· These are generally reported for __________________________________________



Molecular Weight (MW)

· Sum of the atomic weights of the atoms in a molecule

· For the molecule ethane, C2H6, the molecular weight would be

Calculate the formula weight of  (a) Al(OH)3 and (b) CH3OH. 

Percent Composition

One can find the percentage of the mass of a compound that comes from each of the elements in the compound by using this equation:
Percent Composition

So the percentage of carbon in ethane (C2H6) is…

Calculate the percentage of carbon, hydrogen, and oxygen (by mass) in C12H22O11. 
Calculate the percentage of nitrogen, by mass, in Ca(NO3)2.

Avogadro’s Number

· 6.02 x 1023
· 1 mole of 12C has a mass of 12 g
Molar Mass

· By definition, these are the mass of 1 mol of a substance (i.e., g/mol)

· The molar mass of an element is the ______________________ for the element that we find on the periodic table

· The formula weight (in amu’s) will be the same number as the _______________ (in g/mol)
Using Moles
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Mole Relationships

· One mole of atoms, ions, or molecules contains Avogadro’s number of those particles

· One mole of molecules or formula units contains Avogadro’s number times the number of atoms or ions of each element in the compound

Calculate the number of H atoms in 0.350 mol of C6H12O6.
How many oxygen atoms are in (a) 0.25 mol Ca(NO3)2 and (b) 1.50 mol of sodium carbonate? 
Calculating Empirical Formulas

One can calculate the empirical formula from the percent composition

[image: image3]
The compound para-aminobenzoic acid (you may have seen it listed as PABA on your bottle of sunscreen) is composed of carbon (61.31%), hydrogen (5.14%), nitrogen (10.21%), and oxygen (23.33%).  Find the empirical formula of PABA. 
Ascorbic acid (vitamin C) contains 40.92% C, 4.58% H, and 54.50% O by mass. What is the empirical formula of ascorbic acid? 

A 5.325-g sample of methyl benzoate, a compound used in the manufacture of perfumes, is found to contain 3.758 g of carbon, 0.316 g of hydrogen, and 1.251 g of oxygen. What is the empirical formula of this substance? 

Combustion Analysis

· Compounds containing C, H and O are routinely analyzed through combustion in a chamber like this

· C is determined from the mass of ___________ produced

· H is determined from the mass of ___________ produced

· O is determined by difference after the C and H have been determined
Isopropyl alcohol, a substance sold as rubbing alcohol, is composed of C, H, and O. Combustion of 0.255 g of isopropyl alcohol produces 0.561 g of CO2 and 0.306 g of H2O. Determine the empirical formula of isopropyl alcohol. 

Mesitylene, a hydrocarbon that occurs in small amounts in crude oil, has an empirical formula of C3H4. The experimentally determined molecular weight of this substance is 121 amu. What is the molecular formula of mesitylene? 

Ethylene glycol, the substance used in automobile antifreeze, is composed of 38.7% C, 9.7% H, and 51.6% O by mass. Its molar mass is 62.1 g/mol. (a) What is the empirical formula of ethylene glycol? (b) What is its molecular formula? 

(a) Caproic acid, which is responsible for the foul odor of dirty socks, is composed of C, H, and O atoms. Combustion of a 0.225-g sample of this compound produces 0.512 g CO2 and 0.209 g H2O. What is the empirical formula of caproic acid? (b) Caproic acid has a molar mass of 116 g/mol. What is its molecular formula? 
Stoichiometric Calculations
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The coefficients in the balanced equation give the ratio of moles of reactants and products
From the mass of Substance A you can use the ratio of the coefficients of A and B to calculate the mass of Substance B formed (if it’s a product) or used (if it’s a reactant)

Solid lithium hydroxide is used in space vehicles to remove exhaled carbon dioxide. The lithium hydroxide reacts with gaseous carbon dioxide to form solid lithium carbonate and liquid water. How many grams of carbon dioxide can be absorbed by 1.00 g of lithium hydroxide? 
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Propane, C3H8, is a common fuel used for cooking and home heating. What mass of oxygen is consumed in the combustion of 1.00 g of propane? 
Limiting Reactants

· You can make cookies until you run out of one of the ingredients

· Once this family runs out of sugar, they will stop making cookies (at least any cookies you would want to eat)

· In this example the sugar would be the _________________________, because it will limit the amount of cookies you can make
· The limiting reactant is the reactant present in the smallest ______________________ amount
Consider the reaction 
  

2 Al(s)  +  3 Cl2(g)  (  2AlCl3(s)

A mixture of 1.50 mol of Al and 3.00 mol of Cl2 is allowed to react. (a) Which is the limiting reactant? (b) How many moles of AlCl3 are formed? (c) How many moles of the excess reactant remain at the end of the reaction? 

A strip of zinc metal having a mass of 2.00 g is placed in an aqueous solution containing 2.50 g of silver nitrate, causing the following reaction to occur: 

Zn(s)  + 2 AgNO3(aq)  (  2 Ag (s)  +  Zn(NO3)2(aq)
(a) Which reactant is limiting? (b) How many grams of Ag will form? (c) How many grams of Zn(NO3)2 will form? (d) How many grams of the excess reactant will be left at the end of the reaction? 

Theoretical Yield

· The theoretical yield is the amount of _____________ that can be made

· In other words it’s the amount of product possible as calculated through the stoichiometry problem

· This is different from the ____________ yield, the amount one actually produces and measures

Percent Yield


A comparison of the amount actually obtained to the amount it was possible to make

Adipic acid, H2C6H8O4, is used to produce nylon. The acid is made commercially by a controlled reaction between cyclohexane (C6H12) and O2:


[image: image6]
(a) Assume that you carry out this reaction starting with 25.0 g of cyclohexane and that cyclohexane is the limiting reactant. What is the theoretical yield of adipic acid? 

(b) If you obtain 33.5 g of adipic acid from your reaction, what is the percent yield of adipic acid? 
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Equation: 2 Hy(9) +  Oy(9) —> 2H,0()
Molecules: 2moleculesH, +  1moleculeO, ——> 2 molecules H,O
W @ 9
e e A& ) A )
Mass (amu): 4.0 amu H, + 32.0amu O, —> 36.0 amu H,O
Amount (mol): 2 mol H, +  1molO, —>  2mol H,O
Mass (g): 40gH, + 320g0, —> 36.0gH,O
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