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Formulas

Kinetic energy = ½ mv2
w = -P(V

Ptotal = P1+P2+P3+…

u = (3RT/MW)½
(G = (H - T(S

PV = nRT

Rate ( (MW)-½
P1=X1*Ptotal  

C = q/(T 

w=dxF 

E = IR 

(Go = -nFEo
(G = - RTlnK 

E = mc2
Ba(Na)2 = fruit

H(=E(
Amp  = C/sec

(= iMRT

E = h( = hc/(
M1V1 = M2V2

Ptotal = P1 + P2 + P3 + …

M = mol/L

m = mol/kg solvent

Xi = moli/ moltotal
(Tb = i(kb)(m)

(Tf = i(kf)(m)

Psoln = (Psolv)(Xsolv)
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Constants

(= 10-8 cm

F = 9.65 x 104 C

h = 6.626 x 10-34 J sec

c= 2.9979 x 108 m/sec

e = 1.602 x 10-19 C

= 62.4 L torr/mol K

NA = 6.022 x 1023/mol

k = 1.381  x 10-23 J/K

mass electron = 9.109 x 10-31 kg

K = oC + 273.16

Standard Temperature and Pressure = 0oC and 1 atm

R = 0.0821 L atm/mol K = 8.314 J/K mol                = 1.987 cal.mol K

1. (6 points) Caffeine is about 10 times as soluble in hot water as in cold water.  A chemist puts a hot-water extract of caffeine into an ice bath, and some caffeine crystallizes.  Is the remaining solution saturated, unsaturated, or supersaturated?  Explain your reasoning.
2. (9 points) An 8.00 mass % solution of ammonia has a density of 0.9651 g/mL.  Calculate the molality, molarity, and mole fraction.

Molality

Molality

Mole fraction

3. (6 points) Calculate the vapor pressure of a solution of 0.39 mol of cholesterol in 5.4 mol toluene at 32oC.  Pure toluene has a vapor pressure or 41 torr at this temperature.
4. (12 points) A biochemical engineer isolates a bacterial gene fragment and dissolves a 10.0 mg sample of the material in enough water to make 30.0 mL of solution.  The osmotic pressure of the solution is 0.340 torr at 25oC.
a. What is the molar mass of the gene fragment?
b. If the solution density is 0.997 g/mL, how large is the freezing point depression for this solution (Kf of water = 1.86oC/m)

5. (6 points) De-icing salt is used to melt snow and ice on streets.  The highway department of a small town is deciding whether to buy NaCl or CaCl2 for the job.  The town can obtain NaCl for 22 cents per kg.  What is the maximum the town should pay for CaCl2 to be cost effective?

6. (6 points) If there is no change in concentrations, why is the equilibrium state considered dynamic (always changing not static)?

7. (8 points) At a particular temperature, Kc = 1.6 x 10-2 for 

2 H2S(g) (( 2 H2(g)  +  S2(g)

Calculate Kc for each of the following

a. ½ S2(g)  +  H2(g)  ((  H2S(g)

b. 5 H2S(g)((  5 H2(g)  +  5/2 S2(g)

8. (16 points) For the equilibrium         C(s)  +  H2O(g)  <==>  CO(g)  +  H2(g)    (Hrxn = +131 kJ

a. Write the equilibrium constant expression as Kc.

b. What are the units of the equilibrium constant Kp?

c. If Kc = 2.84 x 10-2 M at 500K what is the value of Kp? 

d. For each of the following changes to the system at equilibrium, predict the direction of the shift and explain why it occurs:

	Change






	Shift (left or right)
	Reason

	The volume of the reaction vessel is doubled.


	
	

	The temperature is increased.


	
	

	The pressure of H2(g) is increased.


	
	

	C(s) is added to the system.


	
	

	Adding a catalyst


	
	


9.  (6 points) A United Nations toxicologist studying the properties of mustard gas, S(CH2CH2Cl)2, a blistering agent used in warfare, prepares a mixture of 0.675 M SCl2 and 0.973 M C2H4 and allows it to react at room temperature (20.0oC):

SCl2(g)  +  2 C2H4(g)  ((  S(CH2CH2Cl)2(g)

At equilibrium [S(CH2CH2Cl)2] = 0.350M.  Calculate Kc

10. (6 points) In an analysis of interhalogen reactivity, 0.500 mol of ICl was placed in a 5.00 L flask and allowed to decompose at a high temperature:  
2 ICl(g) (( I2(g)  +  Cl2(g).  
Calculate the equilibrium concentrations of I2, Cl2, and ICl (Kc = 0.110 at this temperature).
11. (7 points)A 0.500 M sample of nitrous acid (HNO2) has a pH of 1.724.  

a. Write an equation for the reaction of nitrous acid with water and identify the conjugate base of nitrous acid.  

b. Calculate the value of Ka for nitrous acid
12. (7 points) A 0.050 M solution of dimethyl amine (CH3CH2)2NH has a pH of 11.71.
a. Write an equation for the reaction of dimethyl amine with water and identify the conjugate acid of dimethylamine.  

b. Calculate the value of Kb for nitrous acid.

13. (6 points) Acetylsalicylic acid (aspirin), HC9H7O4, is the most widely used pain reliever and fever reducer.  Determine the pH of a 0.018 M solution of aspirin (Ka = 3.2 x 10-4).

Extra credit

(6 points) Hydrogen sulfide decomposes according th the following reaction, for which Kc = 8.25 x 10-14 M at 500oC

2 H2S(g)  ((  2 H2(g)  +  S2(g)

If 0.65 mol of H2 and 0.45 mol of S2 are placed in a 3.0 L reaction vessel at 500oC, what will be the equilibrium concentrations of all species?
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