

PART A: 

Problem 1 [     /6]

Write balanced thermochemical equations for the following word equations. Include the heat term in the equation.

(a)  In the neutralization of nitric acid solution with aqueous potassium hydroxide to form potassium nitrate and water, 53.4  kJ/mol of heat are produced.

(b)  When water evaporates, 44.0 kJ/mol of heat is absorbed.

(c)  Graphite reacts in excess oxygen to form carbon dioxide, releasing 393.5 kJ of heat for each mol of graphite that reacts.

Problem 2 [     /6]

Draw enthalpy diagrams for each equation you wrote in problem 1.

Problem 3 [     /6]

The molar heat capacities of the elements Li(s) and Rb(s) are respectively 24.8 J/mol·ºC and 31.0 J/mol·ºC. 

(a) Compare the heat absorbed by 1.00 g of each of these metals to increase the temperature by 1ºC. 

(b) What mass of Rb is required to absorb the same amount of heat as 1.00 g of Li to achieve a temperature change of 1ºC?  

Problem 4 [     /4]

When CO2(s) sublimes (changes directly from a solid to a gas) at –90ºC, ∆Hsub is 16.20 kJ/mol. What is the mass of CO2(s) that must have undergone this process of sublimation if 186.0 kJ of heat is absorbed?

Problem 5 [     /6]

A calorimeter designed to have negligible heat loss is used to determine the specific heat capacity of metals. A piece of thallium having a mass of 111.2 g is warmed to 95.0ºC and placed into the calorimeter containing 125.00 g of water at 12.5ºC. The water temperature goes up to 14.9ºC. Use this information to calculate the specific heat capacity of thallium. The specific heat capacity of water is 4.184 J/g·ºC.  

PART B:  

Problem 6 [    /4]

Two reactions are given by the following equations:

X(g)  +  W(g)  →  Z(g)  +  Y(g)  +  30.0 kJ    

Z(g)  +  Y(g) + 25 kJ →  P(g)
Find the ∆Hº value for the reaction P(g)  →  X(g)  +  W(g).

Problem 7 [     /6]

In the Contact process for the production of H2SO4(aq), sulfur is burned to produce SO2(g). This gas is then converted to SO3(g) in the presence of a catalyst, and the resulting gas is dissolved in water to form the acid. The equations shown below summarize the process. Use this information to calculate the enthalpy of reaction, in kJ/mol, for the production of H2SO4(aq).

S8(s)  +  8O2(g)  →  8SO2(g)              ∆H1 = –2375.2 kJ

2SO2(g)  +  O2(g) →  2SO3(g)            ∆H2 = –196.6 kJ

SO3(g)  +  H2O(l) →  H2SO4(aq)            ∆H3 = –130.2 kJ 

Problem 8 [    /4]

Use the ∆H information given to determine the ∆Hrxn value for the following reaction.

5CO2(g)  +  Si3N4(s)  →  3SiO(s)  +  5CO(g)  +  2N2O(g)   

∆H information:

3SiO2(s)  +  2N2O(g)  +  8CO(g)  →  Si3N4(s)  +  8CO2(g)       ∆H1 = –461.1 kJ

CO(g)  +  SiO2(s)  →  SiO(s)  +  CO2(g)                                  ∆H2 = +520.9 kJ
PARTC:

Problem 9 [     /4]

Use the data table of standard enthalpies of formation to help determine the enthalpy of reaction for each of the following reactions.

(a) N2O4(g)  +  3CO(g)  →  N2O(g)  +  3CO2(g)
(b) 4FeS2(s)  +  11O2(g)  →  8SO2(g)  +  2Fe2O3(s) 

Problem 10 [     /6]

(a) Write the balanced equation for the complete combustion of glucose, C6H12O6(s), to form carbon dioxide gas and water (liquid).

(b) When a 2.000 g sample of glucose is burned in a bomb calorimeter, the temperature of 200.00 g of water rises by 37.3ºC. What is the molar enthalpy of combustion of glucose?

(c) Use the answers from (a) and (b) and the ∆Hºf values from the data table of standard enthalpies of formation to calculate the ∆Hºf value for glucose. 

Problem 11 [     /6]

Determine the heat absorbed when a 5.00 g sample of Fe2O3(s) undergoes the following reaction. 

6Fe2O3(s)  →  4Fe3O4(s)  +  O2(g) 

Problem 12 [      /6]

Hydazine, N2H4(l), will burn according to the reaction equation below.

N2H4(l)  +  3O2(g)  →  2NO2(g)  +  2H2O(g)

(a) Determine the ∆Hcomb value for this reaction. 

(b) Calculate the amount of heat that is given off when a 10.0 kg sample of 87.8 % pure hydrazine is burned. 


PART A: 

Problem 1

Magnesium metal reacts with hydrochloric acid to produce magnesium chloride and hydrogen gas.

Mg(s) + 2HCl(aq) ( MgCl2(aq) + H2(g)
Over an interval of 1.00 s, the mass of Mg(s) changes by – 0.011g.

(a) What is the corresponding rate of consumption of HCl(aq) in mol/s?

(b) Calculate the corresponding rate of production of H2(g) (in L/s) at 20oC and 101 kPa.

Problem 2

Sketch a FULLY labeled, to scale, potential energy diagram based on the data below and determine the overall enthalpy change for the reaction.
Step 1: Ea(fwd) = + 11 kJ, Ea(rev) = + 31 kJ

Step 2: Ea(fwd) = + 61 kJ, ΔHfwd = + 31 kJ

Step 3: Ea(fwd) = + 31 kJ, ΔHfwd = - 75 kJ

Problem 3

 In the upper atmosphere, oxygen exists in forms other than O2(g). For example, it exists as ozone, O3(g), and as single oxygen atoms, O(g). Ozone and atomic oxygen react to form two molecules of oxygen. For this reaction, the enthalpy change is -392 kJ and the activation energy is 19 kJ. Draw a FULLY labeled potential energy diagram. Include a value for Ea(reverse). 

Problem 4

Iodine chloride reacts with hydrogen to produce iodine and hydrogen chloride.


2ICl + H2 ( I2 + 2HCl

At 25oC, the following initial rate data was recorded.

	Experiment
	[Cl]o(mol/L)
	[H2]o(mol/L)
	Initial rate (mol/L( s)

	1
	0.20
	0.050
	0.0015

	2
	0.40
	0.050
	0.0030

	3
	0.20
	0.200
	0.0060


Determine the rate law equation, the rate constant at 25oC and determine the overall order.

Problem 5

Given reaction rate data for: H2O2 + 3I- + 2H+ → I3 - + 2H2O
	Experiment
	[H2O2]o (mol/L)
	[I-]o (mol/L)
	[H+]o (mol/L)
	Initial rate (mol/L( s)

	1
	0.10
	0.10
	0.00050
	1.15 x 10-6

	2
	0.20
	0.10
	0.00050
	2.30 x 10-6

	3
	0.10
	0.20
	0.00050
	2.30 x 10-6

	4
	0.10
	0.10
	0.0010
	1.15 x 10-6


Determine the rate law equation, the rate constant at 25oC and determine the overall order.

Problem 6

NO2(g) and F2(g) react to form NO2F(g). The experimentally determined rate law for the reaction is written as follows: 

Rate = k[NO2][F2]

A chemist proposes the following mechanism. Determine whether the mechanism is reasonable.

Step 1 NO2(g) + F2(g) ( NO2F(g) + F(g)
(slow)

Step 2 NO2(g) + F(g) ( NO2F(g)

(fast)

Problem 7
Nitryl chloride, NO2Cl, is a strong oxidizing agent and a potential pollutant in the upper atmosphere. The first and last steps in the mechanism and the overall reaction are shown below:


Step 1: NO2 + Cl2 ( NO2Cl2

Step 2: 


Step 3: Cl + NO2 ( NO2Cl


Overall: 2NO2 + Cl2 ( 2NO2Cl

a) What is the equation for step 2?

b) How do you know which species is an intermediate? Identify the intermediate(s) in the mechanism.

c) Which step would most likely be the slowest step? Give a reason for your answer
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