Chapter 3  Stoichiometry of Formulae and Equations 

Defining the Mole

· The mole (abbreviated mol) is the SI unit for amount of a substance. It is defined as the amount of a substance that contains the same number of entities as the number of atoms in 12 g of carbon -12. 
· This number, is called Avogadro’s number (symbol )

One mole (1 mol) contains 6.022214129 x  entities

· Knowing the amount (in moles), the mass (in grams) and the number of entities is very important when we mix different substances to run a reaction.
· Elements. The average mass is unified atomic mass units (u) of one atom of the element is the same numerically as the average mass in grams(g_ of one mole of atoms of the element. 
· Compounds. The average mass is unified atomic mass unites (u) of one molecule (or formula unit) of a compound is the same numerically as the average mass in grams of one mole of the compound. 

Converting Between Amount, Mass, and Moles

1. Converting between amount and mass. If you know the amount of a substance you can find its mass. The molar mass (M), which expresses the equivalence between 1 mol of a substance and its mass in grams is the conversion factor.
· From amount (mol) to mass (g), multiply by the molar mass: 

Mass (g) = amount (mol) x molar mass (g/mol) 

2. Converting between amount and number. Similarly if you know the amount (mol). You can find the number of entities, and vice versa. 
· Avogadro’s number, which expressed the equivalence between 1 mol of a substance and the number of entities it contains, is the conversion factor.

# of entities = amount (mol) x 

· From number of entities to amount (mole, divide by Avogadro’s number 

# of entities = amount (mol) x 

Amount- Mass- Number Conversion Involving Compounds

· Only one new step Is needed to solve the amount-mass-number problems involving compounds: we need the chemical formula to find the molar mass and the amount of each element in the compound. 
Determining a Mass Percent from a Chemical Formula 

· Each element contributes a fraction of a compound’s mass, and this fraction multiplied by 100 gives the elements mass percent. 

· For a molecule of a compound, us the molecular (or formula) mass and chemical formula to find the mass percent of any element X in the compound. 

Mass % of element X =  x 100

· For a mole of a compound, use the molar mass of the formula to find the mass percent of each element on a mole basis: 

Mass % of element X =   x 100

Determining the Mass of an Element from its Mass Percent 

· An element always constitutes the same fraction of the mass of a given compound.

Mass of Element = mass of compound 

Determining Formula for an Unknown Compound 

· The empirical formula is derived from mass analysis. It shows the number of moles and thus the relative number of atoms of each element in the compound. The empirical formula for hydrogen peroxide is HO because there is one part of mass of hydrogen for every 16 parts by mass of oxygen. 
· The molecular formula shows the actual number of atoms of each element in a molecule: the molecular formula for hydrogen peroxide is , which is twice the empirical formula. 
· The structural formula shows the relative placement and connections of atoms in the molecule: the structural formula for hydrogen peroxide is H-O-O-H 



Molecular Formulae 

· If we know the molar mass of a compound, we can use the empirical formula to obtain the molecular formula, which uses as subscripts the actual number of mole of each element in 1 mol of a compound. 
· For some compounds – such as water  - the empirical formula and molecular formula are identical. 
· However for many other compounds, the molecular formula is a whole-number multiple of the empirical formula. 



· By multiplying the empirical formula subscripts by 2 gives the molecular formula. 
· Instead of giving compositional data as the masses of the elements, analytical laboratories provide mass percent’s. To find the molecular formula we first determine the empirical formula and then the whole number multiple: 

1. Assume 100.0 g of compound to express each mass percent directly as mass(g). 
2. Convert each mass (g) to amount (mol). 
3. Derive the empirical formula. 
4. Divide the molar mass of the compound by the empirical formula mass to find the whole-number multiple. 
5. Multiply each subscript in the empirical formula by the whole number multiple. 

Combustion Analysis and Organic Compounds

· Still another type of compositional data is obtained through combustion analysis, which is used to measure the amounts of carbon and hydrogen in a combustible organic compound. 
· The unknown compound is burned in an excess of pure  and the  and  that form are absorbed in separate containers. 
· By weighing the absorbers before and after combustion, we can find the masses of  and  and then use these masses to find the masses of C and H in the compound; from our results, we can find the empirical formula. 

Chemical Formulae, Molecular Structures, and Isomers 

· A formula represents a real, three-dimensional object. 


Different Compounds with the Same Empirical Formula 

· The empirical formula tells us nothing about molecular structure because it is based solely on mass analysis. 
· Different compounds can have the same empirical formula. 




Isomers 

· A molecular formula also tells us nothing about structure. Different compounds can have the same molecular formula because their atoms can be bound in different arrangements to give more than one structural formula. 
· Isomers are compounds with the same molecular formula, and thus the same molar mass, but with different properties.  
· Constitutional, or structural, isomers occur when the atoms link together in different arrangements. 

Steps for Balancing an Equation

· To present a chemical change quantitatively, the equation must be balanced: the same number of each type of atom must appear on both sides. 

1. Translating the Statement. We first translate the chemical statement into a “skeleton equation: the substance present before the changed, called reactants, are placed on the left of a yield arrow, which points to the substances produced during the change, called products. 

2. Balancing the Atoms.  By shifting our attention back and forth, we match the numbers of each type of atom on the left and the right of the yield arrow. In each blank we place a balancing (stoichiometric) coefficient, a numerical multiplier of all the atoms in the formula that follows it. 
· Start with the most complex substance, the one with the largest number of different types of atoms. 

3. Adjusting the Coefficients. There are several conventions about the final coefficients: In most cases the smallest whole-number coefficients are preferred. 

4. Checking. After balancing and adjusting the coefficients, always check that the equation is balanced. 

5. Specifying the states of matter. The final equation also indicates the physical state of each substance or weather it is dissolved in water. The abbreviations are (g) for gas, (l) for liquid, (s) for solid, (aq) for aqueous solution. 


Stoichiometrically Equivalent Molar Rations from a Balanced Equation

· In a balanced equation, the amounts (mol) of a substance are stoichiometrically equivalent to each other, which means that a specific amount of one substance is formed from, produces or reacts with a specific amount of the other. 
· The quantative relationships are expressed as stoichiometrically equivalent molar rations, and we use these rations as conversion factors to calculate the amounts. 
· You cannot solve this type of problem without the balanced equation. Here is an approach for solving any stoichiometry problem that involves a reaction: 

1. Write a balanced equation. 
2. When necessary convert the known mass (or number of entities) of one substance to amount (mol) using its molar mass (or Avogadro’s matter).
3. Use the molar ration to calculate the unknown amount (mol) of the other substance. 
4. When necessary, convert the amount of the other substance to the desired mass (or number of entities) using its molar mass (or Avogadro’s number). 
       
Reactions that involve a Limiting Reactant

· In problems up to now, the amount of one reactant was given and we assumed there was enough of the other reactants to react with it completely. 
· For example, suppose that we want the amount (mol) of S that forms when 5.2 mol of  reacts with 

   

· We assume that the 5.2 mol of  reacts with as much  as needed. Because all the  reacts its initial amount of 5.2 mol determines, or limits, the amount of  that can form, no matter how much more h is present. In this situation we call  the limiting reactant. 

Theoretical, Actual, and Percent Reaction Yields

1. Theoretical yield. The amount of product calculated from the molar ratio in the balanced equation is the theoretical yield. However there are several reasons why the theoretical yield is never obtained. 
· Reactant mixtures often proceed through side reactions that form different products.
2. Actual Yield. Given these reasons for obtaining less than the theoretical yield, the amount of product that is actually obtained is the actual yield. Theoretical and actual yields are expressed in units of amount (moles) or mass (grams)
3. Percent Yield. The percent yield (% yield) is the actual yield expressed as a percentage of the theoretical yield. By definition the actual yield is less than the theoretical yield, so the percent yield is always less than 100%. 



Expressing Concentration in Terms of Moles per Liter 

· A solution consists of a smaller quantity of one substance, the solute, dissolved in a lager quantity of another, the solvent.  When it dissolves the solutes chemical entities become evenly dispersed throughout the solvent. 
· The concentration of a solution is often expressed as the quantity of solute dissolved in a given quantity of solution. 
· Concentration is an intensive property (like density or temperature) and is independent of the volume of solution. 
· We can express the concentration of a solution in units of moles of solute per liter of solution:  



Diluting a Solution

· A concentrated solution is converted to a dilute solution by adding solvent, which means that the volume of the solution increases, but the amount (mol) of solute stays the same. 
· As a result, the dilute solution contains fewer solute particles per unit volume and thus has a lower concentration than the concentrated solution. 

Solving Dilution Problems

· To solve dilution problems, and other problems involving a change in concentration, apply the following relationship.



Stoichiometry of Reactions in Solution 

· Solving stoichiometry problems for reactions in solutions requires the additional step of converting the volume of the reactant or product n solution to the amount (mol): 

1. Balance the equation. 
2. Find the amount (mol) of one substance from the volume and concentration.
3. Relate the amount to the stoichiometrically equivalent amount of another substance. 
4. [image: MAC OS:Users:user:Desktop:Screen Shot 2013-09-17 at 2.30.32 PM.png]Convert the desired units. 
















The Role of Water as a Solvent 

· For any reaction in solution, the solvent plays a key role that depends on its chemical natures. Some solvents passively disperse the substance into individual molecules. 
· Water is much more active, interacting strongly with the substances and sometimes even reacting with them. 

The Polar Nature of Water

· On the atomic scale, the great solvent power of water arises form its uneven distribution of electron charge and its bent molecular shape, which create a polar molecule: 

1. Uneven charge distribution. In a covalent bond between identical atoms such as  and  the sharing is equal and the electron charge is distributed evenly between the two nuclei. In covalent bonds between different atoms, the sharing is uneven because one atom attracts the electron pair more strongly than the other atom does. 
· For example, in each O---H bond of water, the shared electrons are closer to the O atom because an O atom attracts electrons more strongly than an H atom does. 
· This uneven charge distribution creates a polar bond, a bond with partially charged “poles”.

2. Bent Molecular Shape. The sequence of the H---O----H atoms in water is not linear: the water molecule is bent with a bond angle of 105.5 degrees. 

3. Molecular Polarity. The combination of polar bonds and the bent shape makes water a polar molecule: the region near the O atom is partially negative and the region between the H atoms is partially positive. 

How Ionic Compounds Dissolve: Replacement of Charge Attractions  

· In an ionic solid, oppositely charged ions are held together by electrostatic attractions. 
· Water separates the ions by replacing these attractions with stronger attractions between several water molecules and each ion. 
· The negative ends of some water molecules are attracted to the cations and the positive ends of other water molecules are attracted to the anions. 
· Dissolution occurs because the attractions between each type of ion and several water molecules outweigh the attraction between the ions. Gradually, all the ions separate (dissociate) become solvated (surrounded closely by solvent molecules) and then move randomly in the solution. 

How Ionic Substances Behave: Electrolytes and electrical Conductivity

· When an ionic compound dissolves, the solutions electrical conductivity, the flow of electrical current, increases dramatically. 
· When electrodes are immersed in distilled water or pushed into an ionic solid, no current flows. However, in an aqueous solution of the compound, a large current flows. Current flow implies the movement of charged particles: when the ionic compound dissolves, the spate solvated ions move toward the electrode of opposite charge. 
· A substance that conducts a current when dissolved in water is an electrolyte. Soluble ionic compounds are strong electrolytes because they dissociate completely and conduct a large current. 

Covalent Compounds in Water

· Water also dissolves many covalent (molecular) compounds. Table Sugar and beverage alcohol are some familiar examples which all contain their own polar bonds, which interact with the bonds of water. 
· Most soluble covalent substances do not separate into ions, but remain intact molecules. As a result their aqueous solutions do not conduct an electric current, and these substances are called nonelectrolytes. 

Writing Equations for Aqueous Ionic Reactions

· The molecular equation reveals the least about the species, that are actually in the solution because it shows all the reactants and products as if they were intact, un-dissociated compounds. Only the designation for solid, (s), tells us that a change has occurred: 
Ex. 
 
· The Total Ionic equation is much more accurate because it shows all the soluble ionic substances dissociate into ions. The  stands out as the only un-dissociated substance: 

Ex.  

· The charges also balance: four positive and four negative for a net zero charge. Notice that  (aq) and  (aq) appear unchanged on both sides of the equation. These are called spectator ions. They are not involved in the actual chemical change but are present only as part of the reactants; that is, we cannot add an  ion without adding an anion, such as the  ion. 

· The net ionic equation is very useful because it eliminates the spectator ions and shows only the actual chemical change: 
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FIGURE 3.16 An overview of amount-mass-number stoichiometric relationships
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