Chemistry 2nd Semester Final Review KEY
*This is meant as a guide. It does NOT contain every single thing you need to know for the final exam. Review notes, benchmark review sheets, homeworks, chapter study guides, etc.*

Bring your book to school by Monday for turn in (seniors should bring book to bookstore by themselves ASAP)

Gas Laws (Ch. 13):

Subtopics: atmospheric pressure, Dalton’s law of partial pressures, combined gas law, Ideal gas law, gas stoichiometry (22.4 L/mol for a gas at STP)

Practice questions:

1. If a gas occupies 3.8 L at a pressure of 2.71 atm, what would the pressure be if the volume changes to 1.47 L? (Temp. and amt. of gas constant)

V1=3.8 L; P1=2.71 atm

V2=1.47L; P2=? Atm

Since all units are standard (L, atm), we do not need to convert the units before proceeding. 

(P1V1)/T1=(P2V2)/T2

T goes away (not mentioned in problem)

P1V1=P2V2

Isolate for P2: P2= (P1V1)/V2

P2= (2.71 atm x 3.8 L)/(1.47 L)= 7.0 atm (L cancelled and it’s 2 sig figs)

2. A gas has a volume of 1.49 L at a temperature of 34.75 degrees Celsius. What would the volume be at 78.41 degrees Celsius? (pressure & amt. of gas constant)

V1= 1.49 L, T1= 34.75 degrees Celsius

V2= ? L, T2= 78.41 degrees Celsius

We need to convert from Celsius to Kelvins before proceeding. 

T1= 34.75 + 273= 307.75 K

T2= 78.41 + 273= 351.41 K

(P1V1)/T1= (P2V2)/T2

Get rid of P

V1/T1= V2/T2

Isolate V2: V2= (V1/T1)T2

V2= (1.49 L/307.75 K)(351.41 K)= 1.70 L

3. What volume is occupied by 8.47 g of hydrogen gas at 84.7 degrees Celsius and 1.04 atm?

The combined gas law won’t work here. You only have one condition and nothing changes. 

PV=nRT will work. (n= moles and R= 0.08026 L atm/K mol)

P= 1.04 atm, V= ? L, n= OOPS we need to convert from grams to moles!, T= 84.7 degrees Celcius + 273= 357.7 K

n: Hydrogen gas is diatomic!

8.47 g H2 x (1 mol H2/ 2.02 g H2)= 4.193069307 mol H2
Isolate V: V= (nRT)/P= (4.193069307 mol H2 x 0.08206 L atm/ K mol x 357.7 K)/ 1.04 atm= 118 L

4. What volume is occupied by 56.75 g of oxygen gas at STP?

You can do this problem two different ways. The first choice would be to use the ideal gas law, PV=nRT:

P= 1 atm, V= ? L, n= 56.76 g O2 x (1 mol O2/ 32 g O2)= 1.77375 mol O2,

R= 0.08206 L atm/ K mol, T= 273 K

V= (nRT)/P= (1.77375 mol O2 x 0.08206 L atm/K mol x 273 K)/ 1 atm= 39.74 L

The second choice would be to use the conversion factor 22.4 L/mol. This will work because the ideal gas is at STP. YOU CANNOT USE THIS CONVERSION FACTOR UNLESS THE GAS IS AT STP. This method is faster:

56.76 g O2 x (1 mol O2/ 32 g O2) x (22.4 L O2/ 1 mol O​2)= 39.73 L

5. If 15.71 g of oxygen gas has a volume of 8.14 L, What is the volume of 48.39 g?

In this problem, they did not give us anything about pressure or temperature, so we cannot use the combined gas law or the ideal gas law. The only law that will work is one that involves only volume and moles of gas (because we can convert from grams to moles). Enter Avogadro! Avogadro’s law: (V1/n1)=(V2/n2); Avogadro's Law states that for a gas at constant temperature and pressure the volume is directly proportional to the number of moles of gas; as the number of particles increases, the volume also increases

We could convert grams to moles, but this conversion factor will end up on both sides of the equation and will cancel out, thus we can just use grams. 

Isolate V2: V2= (V1/n1)n2

V2= (8.14 L/ 15.71 g) 48.39 g= 25.1 L

*If you convert to moles first you will get the same answer. 

6. If hydrogen gas occupies a volume of 2.49 L at 3.41 atm, what would the volume be at 1.37 atm? (Temp. and amt. of gas constant)

Start with the combined gas law and eliminate what you don’t need. 

(P1V1)/T1=(P2V2)/T2

P1= 3.41 atm, V1=2.49 L

P2= 1.37 atm, V2= ? L

Eliminate T

P1V1=P2V2

Isolate V2: V2= (P1V1)/P2= (3.41 atm x 2.49 l)/1.37 atm= 6.20 L

7. Calcium carbonate decomposes at high temperatures to form carbon dioxide and calcium oxide: CaCO3(s) => CO2(g) + CaO(s). How many grams of calcium carbonate will I need to form 3.45 liters of carbon dioxide?
3.45 L CO2 x (1 mol CO2/ 22.4 L CO2) x (1 mol CaCO3/ 1 mol CO2) x (100.09 g CaCO3/ mol CaCO3)= 

15.4 grams

8. How many liters of water can be made from 55 grams of oxygen gas and an excess of hydrogen at a pressure of 12.4 atm and a temperature of 850 C?

8.15 L

9. How many liters of water can be made from 34 grams of oxygen gas and 6.0 grams of hydrogen gas at STP?  What is the limiting reactant for this reaction?

47.6 L, O2 is the limiting reactant

10. Define ideal gas. 
An ideal gas is a gas whose molecules move randomly, colliding with other molecules. These collisions are perfectly elastic, meaning that all of the kinetic energy from the collision is transferred to the next molecule, not converted into heat or friction. This means that, over time, the gas will not lose speed and will keep colliding. The only thing that affects the motion of an ideal gas is temperature. Temperature is a measure of the kinetic energy of a substance and kinetic energy is what produces the collisions. Therefore, raising the temperature makes the gas molecules move faster. Gas particles in an ideal gas are also said to have 0 volume. 

Ideal gases do not exist, but are used as imaginary models for math problems related to the kinetic molecular theory. Gases must conform to the kinetic molecular theory in order for us to be able to use the ideal gas laws. 
11. Describe the properties of gases. 
Compressibility: we can squish gas molecules together fairly easily 

Fill their container

Diffuse: will move from an area of high concentration to an area of low concentration

Molecules are farther apart than they would be in a liquid or solid
12. What is atmospheric pressure? How is it measured? What are the general units used to describe how much force is on an object?
Atmospheric pressure is the amount of force that presses down on a certain area. (pressure= force/area)

It is measured using a barometer. (usually a mercury-filled tube that responds to changes in atmospheric pressure)
13. Write the equations for the following laws and explain what each means: Boyle’s law, Charles’ law, Gay-Lussac’s law, Avogadro’s law, combined gas law, ideal gas law
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      Online gas laws tutorial http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/gasesv6.swf
Intermolecular forces, temperature, and heat (Ch. 14):

Subtopics: differences between states of matter, temperature, temperature scales, kinetic energy, specific heat, phase changes, heating/cooling

14. Describe what happens on a molecular level as a block of ice turns into steam. What is different about the water at each phase?
As ice, the water is a rigid solid. Particles vibrate in place. As the ice gains more heat, the particles start to vibrate faster. Eventually, the ice gains enough heat to break its fusion and begins to melt into liquid water. As a liquid, the water molecules slide past each other and are no longer confined to a regular arrangement. As more heat is added, then liquid molecules move faster, finally gaining enough kinetic energy to break the surface tension of the liquid state. The molecules escape into the air as water vapor. The water vapor is now able to move freely and has much more space to move. 
15. Define temperature. How is it related to kinetic energy?
Temperature= a measure of random motions in a substance= a measure of a substance’s kinetic energy
16. Convert 45 degrees Celsius to Kelvins. 
Celsius + 273= Kelvin

45 + 273= 318 K
17. Define specific heat. What does it mean if a substance has a high specific heat?
Specific heat= amount of heat energy required to raise the temperature of one gram of a substance by one degree Celsius
18. How much energy is required to heat 40 g of liquid water from 7 degrees Celsius to 78 degrees Celsius?
Q=mcdeltaT (Q= heat energy in Joules; m= mass of the substance; c= specific heat; delta T= final temperature- initial temperature)

Specific heat (c) of water: 4.18 J/g degree Celsius

Q=mcdeltaT=(40 g)(4.184 J/g degree Celsius)(78 degrees Celsius- 7 degrees Celsius)= 11882.6 J (10000 J with sig figs)
Solutions (Ch. 15 and some Ch. 2):

Subtopics: mixtures, molarity

19. Distinguish between a mixture and a pure substance. 
Most things are mixtures

There are only two types of pure substances: elements and compounds

A mixture is anything that is not a single element or a single compound, but a mixture of more than one element or compound

Mixtures can be separated through physical means. For example, if you want to remove salt from water, perform a distillation in which you boil the water and collect and condense the steam, leaving salt behind. 

Pure substances cannot be separated physically. Separating an element requires chemical means (nuclear chemistry…) and separating a compound into its elements also requires a chemical reaction to break the bonds. 
20. Describe what happens in a solution that has reached equilibrium. 
When the solute is added: at first, the solute is left undissolved. 

Then some of the particles begin to dissolve into the solution. 

While this is occurring, some of the solute particles that have entered into solution begin to crystallize back into a solid. At this point, the rate of dissolution is greater than the rate of crystallization. 

When enough solute has dissolved to reach its solubility, the solution becomes saturated. At this point, the rate of dissolution equals the rate of crystallization. 
21. Give 2 examples of pure substances. 
Sugar, potassium chloride, water, lead, oxygen gas
22. Provide a synonym for “homogenous mixture.”
Solution 
23. Fill in the following table:

	Solute
	Solvent
	Example

	solid
	solid
	Brass dissolved in gold to make 14 carat “gold” (alloy)

	solid
	liquid
	 Nesquick powder in milk

	gas
	solid
	 Gas bubbles trapped in pumice stones after volcanic eruptions

	liquid
	liquid
	 Lemon juice in water

	gas
	liquid
	 soda

	gas
	gas
	 Oxygen in nitrogen


24. What ingredient in Gatorade acts as an electrolyte? 
Salt 
25. How many moles of PbSO4 are needed to make 200 mL of a 3.7M solution? 
Don’t forget to convert mL to liters! Moles=MV

(0.74 mol)
26. Calculate the molarity of a solution that contains 1.22 grams of hemoglobin (MW = 68300) in 165 ml of solution. 

M=mol/v; convert g to moles first using the given molecular weight

 (1.08 X 10-4 M)
27. What would adding a solute do to the colligative properties of a solvent?
Adding a solute (as long as it’s soluble!) typically increases boiling point and decreases freezing point
Acids and Bases (Ch. 16):

Subtopics: physical and chemical properties of acids and bases, Arrhenius and Bronsted-Lowry definitions, conjugate acid-base pairs, pH, [H3O+], neutralization reactions

28. Describe the properties of acids. 
Acids taste sour, turn litmus paper red, have a pH less than 7, and react with bases to form salt and water
29. Describe the properties of bases. 
Bases taste bitter, feel slippery, turn litmus paper blue, have a pH greater than 7, and react with acids to form salt and water
30. What is the pH range for each of the following: acids, bases, neutral substances?
Acids: typically 0-7

Bases: typically 7-14

Neutral 7
31. List strong acids and strong bases. 

See file on 2nd semester docs page
32. Explain each of the following definitions of acids and bases: Arrhenius, Bronsted-Lowry, and Lewis
See Ch. 16 PowerPoint notes posted on docs 2nd semester page
Label each compound in the equations using the following terms:  acid, base, conjugate acid, conjugate base:

33. HNO3 
+ 
H2O 
<===> 
H3O+ 
+ 
NO3¯
Acid                       Base                           Conj. Acid       Conj. Base 
34. NH3 
+ 
H2O 
<===> 
NH4+ 
+ 
OH¯
Base                       Acid                           Conj. Acid       Conj. Base 
35. HCO3 -  + 
 H2O 
<===> 
H3O+ 
+ 
CO3-2
Acid            Base                           Conj. Acid       Conj. Base                         
36. Write the equation for Kw. Fill in the concentration values for pure water. 
Kw=[H3O+][OH-]=1.0x10-14
[H3O+]=[OH-]=1.0x10-7 for pure water
37. For each problem (vertical column), fill in the missing values. 

Example: for problem #1, you are given the hydrogen ion concentration. You need to find the hydroxide ion concentration, pH, pOH, and if the solution is acidic, basic, or neutral. 

	Problem
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8

	[H+]
	7.2 X 10-5
	3.16x10-11
	5x10-10
	Etc..
	8.2 X 10-11
	
	
	

	[OH-]
	1.4x10-3
	3.16x10-3
	2x10-5
	2 X 10-3
	
	
	6.2 X 10-12
	

	pH
	4.14
	10.5
	9.3
	
	
	
	
	0.4

	pOH
	9.86
	3.5
	4.7
	
	
	12.4
	
	

	Acidic/ Basic/ Neutral
	Acidic 
	Basic 
	Basic
	
	
	
	
	


Reaction rates (Ch. 17):

Subtopics: requirements for a reaction to occur, activation energy, endothermic/exothermic reactions, factors that affect reaction rate, catalysts

38. Define activation energy. 
Activation energy is the energy requirement to begin a reaction. It is the energy difference between the reactants and the activated complex/transition state. 
39. Draw an energy vs. reaction progress graph for each of the following types of reactions: endothermic, exothermic, and catalyzed reaction
See 17.1 PowerPoint slides
40. List the factors that can affect reaction rates. Explain what happens to the reaction rate when these factors are changed. 
See Ch. 17 PowerPoint slides
41. What is true of each of the following at equilibrium: rates of forward and reverse reactions, concentrations, and amounts of reactants and products?
At equilibrium:
Rates of forward and reverse reactions: equal

Concentrations: constant 

Amounts of reactants and products: constant
42. Which variable can change the equilibrium constant?
Temperature
Equilibrium (Ch. 17):

Subtopics: definition of equilibrium, equilibrium constant (what effects it; writing the equilibrium expression), pressure and equilibrium, temperature and equilibrium, solubility given Ksp
43. What does it mean if K is high? Low?
K= [products]/[reactants]

High K: products favored 

Low K: reactants favored 
44. Write an equilibrium expression for this reaction: A + B ( C + D. 
K={[C][D]}/{[A][B]}
45. Write an equilibrium expression for this reaction: 2A3 + B4C2 ( D2.
K=[D2]/{[A3]2[B4C2]}
46. 3H2(g) + N2(g) ⇄ 2 NH3(g) 


Given that this reaction is exothermic, what direction will the equilibrium shift when the temperature of the reaction is decreased?
      Right
47. 2 NO2(g) ⇄ N2O4(g)

If a large quantity of argon is added to the container in which this equilibrium is taking place, in what direction will the equilibrium shift?
       Argon would add more gas molecules, increasing the pressure. Equilibrium would shift right. 
48. NH4OH(aq) ⇄ NH3(g) + H2O(l)

In what direction will the equilibrium shift if ammonia is removed from the container as soon as it is produced?
       Right (Haber process; see Ch. 17 PowerPoint slides)
49. 2 BH3(g) ⇄ B2H6(g)

If this equilibrium is taking place in a piston with a volume of 1 L and I compress it so the final volume is 0.5 L, in what direction will the equilibrium shift?
        This will increase pressure, shifting the equilibrium right
50. H2(g) + Cl2(g) ⇄ 2 HCl(g)

What direction will the equilibrium shift when the partial pressure of   

              hydrogen is increased?
         Right
51. Example: Find the concentration of ions present in calcium fluoride (in water) and the molar solubility.

             CaF2(s) --> Ca+2 + 2 F-        Ksp = 2 x 10 -10
           Ksp=[Ca2+][F-]2= 2x10-10
            Replace [Ca2+] with x and [F-] with 2x

            We have: Ksp=x4x2=2x10-10
            Ksp=4x3=2x10-10

                  x=1.36 M

            So [Ca2+]=1.36 M

            [F-]=2x2=2(1.36)2=3.70 M

           Molar solubility is the lowest ion concentration, so it is 1.36 M in this case
Nuclear chemistry (Ch. 19):

Subtopics: atomic number, mass number, isotopes, types of radiation, balancing a nuclear equation, half-life

52. What is the mass number of argon?
39.948 amu
53. What is the atomic number of carbon?
4
54. Fill out this table regarding the following types of radiation:

	Type of radiation
	Atomic #
	Mass #
	Charge
	Synonym, if any

	Alpha particle
	2
	4
	0
	Helium 

	Beta particle
	-1
	0
	-1
	electron

	Gamma
	0
	0
	0
	Electromagnetic wave

	Neutron
	0
	1
	0
	

	Positron
	+1
	0
	+1
	Positive electron


55. Neutron bombardment of plutonium -239 yields americium-240 and another

     particle. Write the nuclear equation and identify the other particle produced.
     Plutonium and the neutron should be on the left with americium and a positron on the right (see me if you want the symbols drawn out correctly; you will need to know the symbols)
56. When bombarded with neutrons, lithium-6 produces an alpha particle and an

      isotope of hydrogen. Write the nuclear equation for this reaction. What isotope

      of hydrogen is produced?
        Lithium and neutron on the left and an alpha particle and hydrogen-2 on the right
57. What is the half-life of a 100.0 g sample of nitrogen-16 that decays to 12.5 g of

       nitrogen-16 in 21.6 s?

      number of half lives: 100 g/ 2= 50 g, 50 g/ 2= 25 g, 25/2= 12.5 g. So we went through 3 half lives

     half life: total amount of time divided by the number of half lives 21.6 s/3= 7.2 seconds      

Organic and Biochemistry (Ch. 20 and 21):

Subtopics: types of carbon-carbon bonding, types of biochemicals

58. Describe the types of bonds that carbon is able to form with itself.  

Single (alkanes; all single= saturated), double (alkenes; at least one double= unsaturated), triple (alkynes)
59. Describe the characteristics of each of the main categories of biomolecules. 

See your notes from the Biochemistry packet
