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Please keep your work covered at all times and keep your eyes on your own 
paper!  Cheating or any appearance of cheating will result in an F in the course 
and possible expulsion from the university.   
 
There are 10 pages in this test.  A periodic table and formula sheet are provided 
at the end.  You may rip these pages off of the exam and use them to cover your 
work during the test. Any scratch work should be done on the back of the test 
pages. 

 
Please show all work to receive partial credit. 

 
 

You have 80 minutes to complete the test. 
 
 



 

Question Points Possible Points Earned TA Initial 

1 10   

2 10   

3 10   

4 10   

5 10   

TOTAL 50   

 
 
 



#1. (10 points) Short Answer Questions 
 
a). For the reaction     2 A   B + 3 C       the value of K is 34.5 at 25ºC.  The value of K for 

the reaction     2 B + 6 C   4 A    would be    __________________________. 

b). The van’t Hoff plot for a reaction has a slope of +550 K and a y-intercept of + 3.75 mol. 

This reaction will be: 

i. Spontaneous at all T 

ii. Spontaneous at low T 

iii. Spontaneous at high T 

iv. Non-spontaneous at all T   

c). For the process A(s) A(l), 11.2 kJ of heat must be added to melt one mole of A(s) at 

78.0ºC. The change in entropy for the process A(l)   A(s) would be ______________. 

d). In a 1.00 L flask, a small amount of hydrogen peroxide is decomposed in the following 

reaction: 2H2O2(l) →  2H2O(g) + O2(g). If the final partial pressure of O2(g) is 0.16 atm, 

the total pressure of the gas in the flask would be ___________________. 

e). The standard heat of formation of solid Fe(OH)3 is -824 kJ/mol. Write the chemical 

equation for the reaction to which this value applies. 

 

f). Under constant volume conditions, ∆U = ∆H.  TRUE  FALSE 

g). If the molar mass of a gas is doubled, the root-mean-squared speed of the gas molecules 

will change by a factor of    √2  2  √½    ½ 

h). Write the equilibrium constant expression in pressure units, KP, for the following 

reaction and name two ways in which you could encourage the formation of hydrogen 

gas.    C (s) + H2O (g)   CO (g) + H2 (g) 

KP =

 

 
__________________________________________________ 
 

 



#2. (10 points) A 10.0 L cylinder contains 500 g of methane, CH4 at 27.0ºC.  

a) Calculate its pressure using the ideal gas law.   

 

 

 

 

P = __________________ 

b) Calculate its pressure using the van der Waals equation, where a = 2.273 (L2•atm)/mol2 

and b = 0.0430 L/mol. 

 

 

 

 

 

P = _____________________ 

c) What are the two key assumptions of the ideal gas law? 

 

 

 

 

 

d) Use your answer in part (c) to explain why your answers in parts (a) and (b) are 

different (a hint: only one of the two assumptions applies). 

 



#3. (10 points). For the following reaction: 

2 H2 (g) + O2 (g)   H2O (l) ∆Hº = -572 kJ 

a) What is the quantity of work evolved at 25.0ºC? 

 

 

 

 

 

 

 

 

Answer : ________________ 

 

b) What is the significance of the sign of your answer in (a)? Explain briefly. 

 

 

 

 

 

 

c) Calculate the change in internal energy for the reaction. 

 

 

 

 

 

 

 

 

Answer: _____________________ 



#4. (10 points) Hydrogen gas can be generated by the following reaction.  
H2(g)    +      CO2(g)            CO(g)     +    H2O(g) 

a) A mixture of gases that initially contains 0.0150 M H2 and 0.0150 M CO2 is allowed 
to equilibrate at 700K, and at equilibrium the partial pressure of CO is found to be 
0.212 atm. What is the value of Kc? 
 

 

 

 

 

 

 

 

 

 

KC = _____________________ 

b) What would be the value of KP? 

 

 

 

 

 

KP = _____________________ 

c) If the equilibrated gas mixture were then transferred to a container of larger volume, 
what would be the resulting effect on the equilibrium? (A qualitative answer will 
suffice). 
 

 

 

 



#5. (10 points) The standard free energy 

change for the reaction 

A + B   C + D 

was measured at several temperatures. The 

resulting graph of standard free energy 

change (in kJ/mol) versus temperature is 

shown at right. 

 

a) Using the data from the graph, what is ∆Hº and ∆Sº for the reaction?  

 

 

 

 

 

 

 

 

∆Hº = ___________________  ∆Sº = _______________________ 

b) What is the value of K at 750 K? 

 

 

 

 

 

K = ____________________ 

c) What is the minimum/maximum temperature required for the reaction to be 

spontaneous? Explain your answer briefly. 
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Gas Laws 
PV  =  nRT 

PT  =  P1 + P2 + P3 + …  

d = m/V = P(MW) / RT 

KE  = (1/2)mvav
2 

€ 
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M  
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  V − nb( ) = nRT

 

Equilibrium 
KP = KC(RT)∆n 

Acid/Base 
pOH = -log[OH-]  

pH = -log[H+] 

pH + pOH = 14  

Ka x Kb = KW 

pH = pKa + log [A-]/[HA] 

 2
21 aa pKpKpH +

=
 

Kinetics 
[A]t = [A]o – kt 

ln[A]t = ln[A]o – kt 

1/[A]t = 1/[A]o + kt 

k = Ae(-Ea/RT) 

ln(k2/k1) =  (-Ea/R)(1/T2 - 1/T1) 

Thermodynamics 

∆U = Q + W 

Wsystem  =  -P∆V = - ∆nRT 

∆H  =  ∆U + P∆V  

QP  =  ∆U + P∆V 

CP = CV + R  

Q = mc∆T 

∆Hrxn° = ∑n∆Hf°(pdts) - ∑n∆Hf°(rxts) 

qrev = -wmax =  nRT ln(V2/V1) 

∆S = qrev/T 

∆S (T1-T2) = nCP ln(T2/T1) 

∆S (T1-T2) = nCV ln(T2/T1) 

€ 

ΔS0ext =
qext
T

=
−ΔHsys

T  
∆Gº  =  ∆Hº  -  T∆Sº 

∆G = ∆Gº + RT ln(Q) 

∆Gº = - RT ln(K) 

ln(K2/K1) =  (-∆Hº/R)(1/T2 - 1/T1) 

The atom 
E = hν 

c = νλ 

E = -B/n2 

 
 
 
 
 
 
 



Data For Water 
Density ρ = 1.00 g/mL (25°C) 
C = 2.13 J g-1 K-1 (solid) 
C = 4.18 J g-1 K-1 (liquid) ΔH°fus = 6.02 kJ mol-1 
Cp = 2.01 J g-1 K-1 (gas) ΔH°vap = 40.7 kJ mol-1 

Constants and Conversion Factors 
1mm Hg = 1 torr    760mm Hg = 1 atm 1atm = 101.325 kPa 
 
Avogadro’s Number N 6.022x1023 mol-1 

Boltzmann’s constant k 1.30866x10-23 J·K-1 

Faraday’s constant F 96 485 C·mol-1 

Gas constant R 8.31451 J·K-1·mol-1 

 R 0.08206 atm·L·K-1·mol-1 

 R 8.31451 m3 Pa·K-1·mol-1 

Planck’s constant h 6.62608x10-34 J·s 

Speed of light c 2.99792458x108 m·s-1 
 

 



 


