BIG CHEM: Unit 9 - Kinetics and Equilibrium Due: Tuesday, April 29th, 2008

Problem Set #9

Mr. Darlington

1 Describe the role Entropy plays in the article: "N o Big Bang Endless Universe Made Possible by New Mo  del" in one paragraph.

2 According to collision theory, what are the requir ements for a reaction to occur?

3 Before dissolving salt in water [NaCl(s) --> NaCl(  aq)], the salt is crushed. What effect does crushin g have on the rate of solution?
4 Consider the reaction: 2KCIO3(s) --> 2KCI(s) + 302 (g), where MnO2 acts as a catalyst

a As the temperature increases from 120C to 150C, what happens to the rate of the reaction?

b Interms of collision theory, why does raising the temperature effect the reaction rate?

¢ What is the function of the MnO2? What effect does it have on the reaction rate?

5 Sodium carbonate [Na2CO3(s)] and calcium chloride [CaCl2(s)] are soluble salts.
What steps should be taken to get them to react as quickly as possible to form calcium carbonate [CaCO 3(s)], an insoluble salt?

6 What could be done to speed up a reaction between carbon dioxide gas [CO2(g)] and water [H20(lig)] to  form carbonic acid [H2CO3(aq)]?
8 Explain how heat and concentration effect reaction rates based on collision theory?

9 What are reaction mechanisms?

10 Based on Reference Table |, when 2.00 moles of Na OH(s) dissolve in water:

How much energy is exchanged?

Its it absorbed or released by the NaOH?
¢ Does the temperature of the water increase or decr  ease?
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11 Based on Reference Table |, when 3.4 moles of wat er decompose to form hydrogen and oxygen gas, how m uch energy is required?

12 Why is it necessary to supply energy in the form of a spark to ignite the gasoline in an automobile engine if gasoline releases energy when it burns?

13 What is an activated complex?
14 How does the potential energy of the activated co  mplex compare to that of the reactant or the produc ~ t?

15 Base your answers to the following questions on the 'PE Diagram: Endothermic Reaction' from your notes

a Which has the highest energy-the reactants, the pr  oducts, or the activated complex?

b Which has the lowest energy-the reactants, the pro  ducts, or the activated complex?

¢ If the reactants have a potential energy of 10.2 k  J/mol and the products have a potential energy of 1 5.7 kJ/mol, what is delta H?
d What effect do catalysts have on the change in H?

e Catalysts are used to speed up chemical reactions. Based on the graph above, how do they do this?

16 Complete the worksheet: Interpreting Reaction Coo  rdinates

17 Dry ice is solid carbon dioxide [COZ2(s)]. Carbon dioxide occurs naturally as a gas in the atmosphere [CO2(g)].
a Which form of carbon dioxide has higher entropy?
b Which form of carbon dioxide has higher enthalpy?
¢ Gasoline burns according to the following equation 1 2C8H18(lig) + 2502(g) -> 16C0O2(g) + 18H20(g).
d What happens to the enthalpy during this reaction. Explain.
e What happens to the entropy during this reaction. Explain.
For each of the following, the products have higher entropy than the reactants. Explain why.
f  H20(s) -> H20(liq)
g 2C2H6(g) + 702(g) -> 4C0O2(g) + 6H20(g)
h 12(s) -> 12(g)

18 How can you tell when a system is in phase equili ~ brium?
19 How can you tell when a chemical reactionisine  quilibrium?

20 Aliquid in a soppered flask is allowed to stand at constant temperature until the liquid level in t he flask remains constant.
Describe the rate of condensation and evaporation i nside the flask. Justify your answer with evidence

21 Asample of water in a sealed flask at 298K is in  equilibrium with its vapor. Is this an example of phase or chemical equilibrium? Justify your answe r.

22 Given the reaction at equilibrium: N2(g) + 3 H2(g ) --> 2 NH3(g)
If the pressure is increased at constant temperatur e, there will be an increase in the number of moles of what substance?

23 Given the reaction at equilibrium: 2 SO2(g) + O2(  g) <--> 2 SO3(g) + heat
The concentration of SO3(g) may be increased by doi  ng what?

24 Given the reaction at equilibrium: N2(g) + O2(g) <-->2 NO(g)
If the temperature remains constant and the pressur e increases, what will happen to the number of mole s of NO(g)?

25 Given the balanced equation, which represents the Haber process: N2(g) + 3 H2(g) <--> 2 NH3(g)
Which effect will an increase of pressure have ont  he system?

26 Given the reaction at equilibrium: 4 HCI(g) + O2(  g) --> 2 Cl2(g) + 2 H20(g)
If the pressure on the system is increased, what ef  fect would this have on the concentration of Cl2(g) ?

27 Given the reaction at equilibrium: A(g) + B(g) --> C(g) + D(g), What effect will the addition of a catalyst ha  ve on the system?
28 What effect will the addition of a catalyst have on the rate of forward or reverse reactions of asy  stem in equlibrium?

29 Given the reaction at equilibrium: 2 SO2(g) + O2(  g) --> 2 SO3(g) + 44 kcal, Which change will increa se the concentration of SO3(g)?

30 Given the reaction at equilibrium: N2(g) + 3H2( g) * 2 NH3(g) + heat, At constant temperature, whic h changes would produce a greater yield of NH3(g)?
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Base your answers to a, b, and ¢ on the following
If O2 is added to the system at a constant pressur
If the temperature of the system is increased at a
If the pressure on the system is increased at a co

Given the reaction at equilibrium: N2(g) + 02(g)

For each of the following, what effect would an inc
N2(g) + 3H2(g) --> 2NH3(g)

4H2(g) + CS2(g) --> CH4(g) + 2H2S(g)

CO(g) + H20(g) --> H2(g) + CO2(g)

H2(g) + F2(g) --> 2HF(g)

PCI5(g) --> PCI3(g) + Cl2(g)

rease in pressure have on equilibrium?

For each of the following, what effect would an inc
N2(g) + 3H2(g) --> 2NH3(g) )H = 92 kJ

C(s) + H20(g) + heat --> CO(g) + H2(g)

PCI3(g) + Cl2(g) --> PCI5(g) + heat

2S02(g) + 02(g) --> 2S03(g) + heat

H20(lig) --> H+(aq) + OH—(aq) )H = 55.8 kJ

rease in temperature have on equilibrium?

For the reaction, H2(g) + 12(g) --> 2HI(g) [delta H
Addition of H2(g)

Removal of 12(g)

Increase in temperature

Increase in pressure

Addition of HI(g)

=52.7 kJ], what effect will each of the following

Reaction A (k))*
CHy(g) + 205(g) — COy(g) + 2H,0(£) —-890.4
C4Hy(g) + 504(g) — 3C0,(g) + 4H,000) —2219.2
20, ((0) + 250,(g) — 16CO,(g) + ISILOC)  —10943
2CHLOH(C) + 30,(g) — 2C0,(g) + 4H,0(C) ~1452
CLH.OH(0) + 30,(g) — 2CO0,(g) + 3H,0(€) ~1367
CgH1504(5) + 60,(g) —> 6CO,(g) + 6HLO(€) —25804
2C0(g) + Oylg) — 2C0,(g) —566.0
C(s) + Oy(g) —— CO,(g) —393.5
4A1(s) + 30,(g) — 2AL,0(s) 3351
Ny(g) + Oy(g) —— 2NO(g) +182.6
Ny(g) + 20,(g) =——> 2NO,(g) +66.4
2H,(g) + O,lg) — 2H,0(g) —483.6
2H,(g) + Og(g) —> 2H,0(0) 5716
N, (g) + 3H,(g) — 2NH,(g) —91.8
2C(s) + 3H,(g) — C,Hy(g) —84.0
2C(s) + 2Hy(g) =—— C,H(g) +52.4
2C(s) + Hy(g) =— Csz(g) +227.4
Hy(g) + Iy(g) —— 2HI(g) +53.0
KNOg(s) —2% K*(aq) + NO4~(aq) +34.89
NaOTH(s) =22 Na*(aq) + OH~(aq) —4451
NH,Cl(s) =22 NH,*(aq) + Cl-(aq) +14.78
NH,NO,(s) —225 NH,*(aq) + NO5(aq) +25.69
NaCl(s) E» Nat*(aq) + Cl{(aq) +3.88
LiBr(s) O Li*(aq) + Br(aq) —48.83
H*(aq) + OH (aq) —— H,O(L£) —55.8

*Minus sign indicates an exothermic reaction.

+ 21.6 kcal --> NO(g) What will cause the equilibr

reaction: 2 Cl2(g) + 2 H20(g) --> 4 HCI(g) + O2(g) , delta H = +27 kcal.
e and temperature, what will happen to the number o
constant pressure, what will happen to the rate of
nstant temperature, what will happen to the value o

f moles of HCI?
the forward reaction?
f the equilibrium constant for the reaction?

ium to shift to the right?

have on equilibrium?



