
Ch 10 – Solutions and Colligative Properties
A. Consider 2 beakers: Beaker A contains 1.00 mol Compound P & Beaker B contains 1.00 mol Compound Q. Each beaker has an equal mass of identical, nonvolatile solute dissolved in it.

	
	Compound P
	Compound Q

	Vapor Pressure @ 35°C
	0.250 atm
	0.115 atm

	Boiling Point (°C)
	55.22
	88.22

	Kb
	2.25
	6.10

	Molar Mass (g/mol)
	85
	107


Use LT (less than), GT (greater than), EQ (equal to), or MI (more info needed).
___ 1. The vapor pressure of the solvent over beaker B ___ the vapor pressure of the solvent over beaker A.

___ 2. The boiling point elevation of beaker B __ the boiling point elevation of beaker A.

___ 3. The vapor pressure pure compound Q ___ the vapor pressure of the solvent in beaker B.
__4. The mole fraction solvent in beaker A __ the mole fraction solvent in beaker B.
[ANS – LT, GT,GT,EQ]
B. How many grams of citric acid (MM = 192.13 g/mol) must be added to 200 ml of ethanol (density = 0.7893 g/ml) to reduce its freezing point from -117.3 to -118°C.  Assume citric acid does not dissociate in ethanol.  (kf of ethanol = 5.5°C/molal)?  [ANS = 3.86 g citric]
[use ΔTf = mKfi to get molality citric (  use molality & mass solvent (ethanol) to get moles citric  (  get g citric from moles]  
C. Aqueous soln of nonelectrolyte (100.0 g/mol) has an osmotic pressure 22 atm @25°C.

1. What is the molarity of the solution?  [0.90 M]
2. If the molality of this solution is 0.59 m, what is the density of this solution? [1.61 g/ml]
D. 13.25 grams of nonelectrolyte DDT, C14H9Cl5 (MM = 354.5 g/mol) are dissolved in 225.1 grams of benzene. (benzene kf = 5.12°C/m,  freezing point pure benzene = 5.50°C)

1. What is the molality of the solution? [ANS = 0.1660 molal]
2. What is the freezing point of the solution? [ANS = 4.65°C]
E. Write T if the statement is correct or F if the statement is incorrect

 1. Generally, increasing the pressure of a gas increases the solubility of the gas in water.

 2. Freezing points of solns of 1.0 m NaCl & 1.0 m glucose, C6H12O6 are equal.       [ANS T, F]
F. At a certain temperature, the vapor pressure of pure benzene (C6H6) (MM = 78.11 g/mol) is 0.930 atm. A solution was prepared by dissolving 10.0 g of a nonvolatile solute in 78.11 g of benzene at that temperature. The vapor pressure of the solution was found to be 0.900 atm. What is the molar mass of the solute? [ANS = 303 g/mol]
G. A protein (i=1) is isolated and its molar mass determined by osmometry. A 50.0 mL solution is prepared using 225 mg of protein in water. The osmotic pressure is found to be 4.60 mm Hg at 25°C. What is the molar mass of the protein? [18,190 g/mol]
H. A bottle of phosphoric acid is labeled “85.0 % H3PO4 by mass; density = 1.689 g/mL.”

1. What is the molarity of the phosphoric acid solution? [ANS = 14.66 M]
2. If 250.0 mL of the phosphoric acid described above is diluted with water to make a 3.00 L of solution, what is the molarity of the diluted solution? [1.22 M]
I. What is the osmotic pressure at 298 K of an aqueous solution made by adding 0.5 moles of ethylene glycol to 250 ml of a solution that was initially 0.3 M ethylene glycol.  Assume the volume of solution remains 250 ml & ethylene glycol does not dissociate in water. [56.3 atm]
J. A solution was made by placing 25 g of NaCl into 1000 g of H2O.  How much more NaCl must be added to get to a freezing point of -3°C? [ANS = 22.1 g]
[need grams NaCl to add, so need total grams NaCl, so need total moles NaCl, get from kg H2O and molality soln, get molality solution from use ΔTf = mKfi ANS = 22.1 g]
K. What is the Molar Mass of an ionic compound with formula X2Y3 if 7 g of the substance will reduce the freezing point of 100 ml of water to -8°C? [ANS = 81.4 g/mol]
[get molality from dTf ( use molality & kg solvent to get moles ( MM = grams/moles & know g, need moles ( MM]
[8 = m(1.86)(5) ( m = 0.86 ( .1 kg x 0.86 = 0.086 moles solute ( 7/0.086 = 81.4 g/mol]
L. The concentration of ethylene glycol (MM = 62.07 g/mol) in an aqueous solution is 40% and the solution density is 1.05 g/ml.  What is the Molarity of the solution? [6.76 M]

M. The vapor pressure of pure CCl4 at 25°C is 100 mm Hg.

1) What is the mole fraction of CCl4 in a solution of CCl4 and urea where the vapor pressure decreases by 12 mm Hg? [0.88]

2) How many grams of CCl4 (MM = 153.81 g/mol) are required to reduce the vapor pressure in the solution described above?  The solution contains 10 g of urea (MM = 60.06 g/mol) [192 g]

N. An aqueous solution of ethylene glycol, C2H6O2 (MM = 62.07 g/mol) is used as an automobile engine coolant.  What is the mass percent of ethylene glycol in a 7 M solution (density = 1.05 g/ml)? [41.4%]

O. At high elevation, the boiling point of pure water is found to be 95°C.  A certain amount of calcium chloride, CaCl2 (MM =110.0 g/mol) must be added to 555 g of water so that the boiling point is 100°C. (kb = 0.52°C/m)

1) What is the molality of the solution? [3.21 m]

2) How many grams of CaCl2 need to be added to 555 g of water to prepare the solution described? [195.8 g]

P. What is the osmotic pressure of 345 ml of hemoglobin solution at 27°C. The solution contains 356 mg hemoglobin (MM = 5457 g/mol)?  [4.66 x 10-3 atm]

Q. Consider an aqueous solution of a 0.8 m electrolyte AX2 (MM = 100 g/mol) which has a density of 1.11 g/ml.

1) What is the molarity of this compound? [0.822 M]

2) What is the osmotic pressure of the solution at 25°C? [60.3 atm]

R. An aqueous solution is made up where the mole fraction of ethyl alcohol (C2H5OH) is 0.200.  What is the normal boiling point of the solution? [107.2°C]

S. How many ml of methanol (d = 0.789 g/ml) must be added to 250 ml of water to prevent water from freezing at -14°C? [ANS = 76.3 ml]
T. 50 grams of unknown covalently bonded compound is dissolved in 400 g of water producing a solution with a density of 1.04 g/ml.  If the osmotic pressure at 295 K of the solution is 14.7 atm, what is the Molar Mass of the unknown?  [190 g/mol]

U. 73.24 g of NaX (where X is an unknown halide) is added to enough water to get 700 ml of solution.  The solution has an osmotic pressure at 298 K of 34.15 atm.  What is the identity of X? NOTE – assume that the van Hoft factor (i) must be taken into account. [ANS = Iodide]
V. Consider 0.2 M CaCl2 which has a density of 1.06 g/ml.

1) What is the solution’s molality?  [ANS = 0.193 m]
2) What is the mole fraction solute in the solution?  [ANS = 0.00346]

Ch 11

A. Answer the following questions by writing the appropriate answer in the blank provided.
[image: image1.emf]
____ 1. The slope of the plot above is equal to _____

____ 2. The order of a reaction where the half-life is independent of initial concentration is ___.

____ 3. For a zero-order reaction, starting with 2.0 M of reactant A, the concentration at 20.0 min is 1.0 M. What is the concentration of A at t = 40.0 min?

____ 4. The greatest increase in the reaction rate for a reaction between P and Q, where



Rate = k[P]2[Q]1/2 will come from

    a. Doubling [P] 
b. Halving [Q] 
c. doubling [P] & [Q] 
d. halving [P]

 ___ 5. Consider three first-order reactions and their activation energies in kJ:



Reaction
 A
 B
 C



Ea (kJ) 
40
 89 
112

Which reaction has the shortest half-life?

[ANS: -Ea/R, 1st, zero, c, A]
B. For the decomposition of ammonia on a platinum surface at 856°C


2 NH3 (g) ( N2(g) + 3 H2(g)

the average rate of disappearance of NH3 over the time period from t = 0 s to t = 2164 s is found to be 1.50x10-6 M/s. What is the average rate of formation of H2 over the same time period? [ANS = 2.25 x 10-6 M/s]
C. In a study of the gas phase decomposition of dinitrogen pentoxide at 335 K 


2N2O5(g) (  4NO2(g) + O2(g)

the concentration of N2O5 was followed as a function of time. It was found that a graph of ln[N2O5] versus time in seconds gave a straight line with a slope of -7.19 x 10-3 s-1 and a y-intercept of 2.45. Based on this plot,

1. what is the order of the reaction with respect to N2O5? [ANS = 1st]
2. what is the rate constant for the reaction? [ANS = 7.19 x 10-3 s-1]
D. For the gas phase decomposition of dinitrogen pentoxide



2N2O5(g) (  4NO2(g) + O2(g)

a graph of ln k versus the reciprocal of temperature produces a straight line with a slope of
 -2,000 K and a y-intercept of 2.45. Based on this,
1. What is the reactions rate constant at 1,000 K? [ANS : k = 1.57]

2. What is the reactions activation energy? [ANS : Ea = 240.7 J/mol]

E. The following gas phase reaction is second order:


2C2H4(g) ( C4H8(g)

It takes 2.11 min for the concentration of C2H4 to go from 0.187 M to 0.0915 M.

1. What is k for the reaction? [ANS: 2.65 L/mol/min]
2. What is the half life of the reaction when C2H4 is 0.250 M? [ANS: 1.51 min]
3. How long will it take to react 40% of a 0.450 M solution? [ANS: 0.559 min]
4. What is the rate of the reaction when the [C2H4] is 0.335 M? [ANS: 0.297 mol/L/min]
F. The following initial rate data are for the reduction of nitric oxide with hydrogen:



2NO(g) + 2H2(g) ( N2(g) + 2H2O(g)

	Expt
	[NO]
	[H2]
	Rate (mol/L/s)

	1
	1.2
	0.75
	2.5 x 103

	2
	3.6
	0.75
	2.25 x 104

	3
	2.4
	0.75
	1.0 x 104 

	4
	2.4
	3.0
	4.0 x 104


1. What is the order of the reaction with respect to NO(g)? [2nd ]

2. What is the order of the reaction with respect to H2(g)? [1st]
3. What is the rate constant for the reaction? (Include units)  [2,314.8 L2/mol2/s]
G. At 295 K, the rate constant for the first order decomposition of SO2Cl2 is 1.42 x 10-4 s-1 
1. What fraction of the SO2Cl2 remains after 1 hour?  [0.6 ]
2. How long (in seconds) will it take for 10% of the SO2Cl2 to decompose? [742 sec]
H. It takes 2 hrs for the concentration of a reactant to drop to 17.1% of its initial value of 0.560 M in a second order reaction.

1. What is the rate constant for the reaction (in sec)?  INCLUDE UNITS!  [ANS: 0.0012 L/mol/s]

2. How long would it take for the concentration of the reactant to drop from its initial value of 0.560 M to 0.200 M? [ANS: 2,680 sec]

I. The reaction A ( B + C is known to be second order in A and to have a rate constant of 5.0 x 10-2 L/mol·s at 25°C where [A]o = 1.0 x 10-3 M.

1. What is the half life for the reaction?  [ANS = 20,000 sec]
2. What is the concentration of B after 5.0 x 103 s have elapsed? [ANS = 2 x 10-4 M]
J. For the reaction,


CH4 (g) + Cl2 (g) + F2 (g) ( CCl2F2 (g) + 2 H2 (g)

the following reaction rate data was obtained.  Use this data to calculate the orders of the reaction and the rate constant (with units) and to write the full rate law.
	Expt
	[CH4]
	[Cl2]
	[F2]
	Rate (mol/L/s)

	1
	0.014
	0.06
	0.008
	1.2 x 10-3

	2
	0.014
	0.04
	0.008
	8.0 x 10-4

	3
	0.014
	0.04
	0.016
	6.4 x 10-3 

	4
	0.010
	0.06
	0.008
	6.1 x 10-4


[Answer: Rate = 2 x 108 L5/mol5/s*[CH4]2[Cl2][F2]3  ]
K. For the reaction


16 H+ (aq) + 2 MnO4- (aq) + 10 Br- (aq) ( 2 Mn2+ (aq) + 8 H2O (l) + 5 Br2 (aq)

Find the rate law for the following data.

	[H+]
	[MnO4-]
	[Br-]
	Rate (mol/L/hr)

	0.13
	0.50
	0.03
	1.236 x 10-9

	0.47
	0.72
	0.03
	2.511 x 10-7

	0.47
	0.50
	0.03
	5.840 x 10-8

	0.13
	0.50
	0.007
	6.728 x 10-11


[Answer: Rate = 0.01 L8/mol8/hr*[H+]3[MnO4-]4[Br-]2  ]
L. For the reaction below, the following data was collected.

2 NO (g) + Br2 (g) ( 2 NOBr (g)

	Expt
	Initial [NO]

(mol/L)
	Initial [Br2]

(mol/L)
	Initial Rate of Appearance of NOBr

(mol/L/s)

	1
	0.016
	0.012
	3.24 x 10-4

	2
	0.016
	0.024
	6.38 x 10-4

	3
	0.032
	0.006
	6.42 x 10-4


a) Calculate the initial rate of disappearance of Br2 (g) in Expt 1. [ANS 1.62x10-4 M/s]
b) Determine the order of the reaction with respect to each reactant. [ANS NO = 2nd , Br2 1st]
c) Calculate the rate constant. [ANS 105 L2/mol2/s]
d) Write the rate law. [ANS rate=105 L2/mol2/s*[NO]2[Br2]]
e) The following mechanism was proposed for this reaction:


Br2 (g) + NO (g)  ( NOBr2 (g)

slow


NOBr2 (g)  + NO (g) ( 2 NOBr (g)
fast

Is this consistent with the given experimental data?  Explain. [ANS No, wrong coefficients]
f) What is the reactive intermediate in this mechanism? [NOBr2]
M. An environmental concern is the depletion of ozone, O3 in earth’s upper atmosphere where O3 is normally in equilibrium with O2 & O.  A proposed mechanism for the depletion is


Step 1

O3 + Cl  (  O2 + ClO


Step 2

ClO + O ( Cl + O2
a) Write a balanced equation for the overall reaction for these steps. [ANS O3 + O ( 2 O2]
b) Identify the catalyst in this process.  Explain.  [ANS Cl (not consumed)]
c) Identify the reactive intermediate in this process.  Explain. [ANS ClO (only in middle)]
d) If the rate law for the overall reaction is found to be rate = k[O3][Cl], determine the following.

i) the overall rate of the reaction [ANS = 2]

ii) units for the rate constant [ANS = L/mol/time]

iii) the rate determining step for the rxn. Explain. [ANS=1 (right substances & coefficients]

iv) What is wrong with this rate expression?  [ANS = catalyst in rate law]
N. It takes 67 minutes for the concentration of a reactant to drop to 43% of its initial value of 1.35 M in a second order reaction.
1) What is the rate constant for the reaction?  INCLUDE UNITS!  [ANS: 0.0147 L/mol/min]
2) How long would it take for the concentration of the reactant to drop from its initial value of 1.35 M to 0.250 M?  [ANS: 222 min]
O. A reaction has an activation energy of 15 kJ.  Its rate constant at 20°C is 0.81 s-1.  What is the rate constant at 11°C?  [ANS = 0.66 s-1]

P. A reaction, A( B, has a rate constant of 3.47 x 10-2 mol/L/sec.  What is the half-life (in seconds) for the reaction when [A]o = 0.200 M? [ANS = 2.88 s]
Q. Consider a second order reaction with a rate constant of 0.01 L/mol/sec and an initial concentration of reactant of 0.15 M.

1) How long is required for the concentration of a reactant to fall to 0.01 M? [ANS: 9,333 s]
2) What is the half life for the reaction? [ANS: 667 s]

3) What is the reactant’s concentration after 1 x 106 seconds? [ANS: 9.99 x 10-5 M]

R. Find the complete rate law for the reaction 2 A + 3 B ( C knowing

	[A]
	[B]
	Rxn Rate (mol/L/hr)

	0.1
	0.4
	7

	0.1
	0.6
	10.5

	0.2
	0.4
	28


{ANS: rate = 1,750 L2/mol2/hr*[A]2[B]  }

W. Consider the reaction


2 C2H6 (g) + 7 O2 (g) ( 4 CO2 (g) + 6 H2O (l)

where the concentration of C2H6 goes from 1 mol/L to 0.1 mol/L in 3 seconds.

1) What is the reaction rate? [ANS = 0.15 mol/L/sec]
2) How fast is oxygen gas disappearing? [ANS = 1.05 mol/L/sec]
X. Consider the reaction      2 NH3 (g) ( 3 H2 (g) + N2 (g)

What is the rate of disappearance of NH3 when [NH3] = 0.2 M if the rate law is


rate = 72 L/mol/sec * [NH3]2  ? [ANS = 5.76 mol/L/sec]

Ch 12 - Equilibrium
A. The following reaction is carried out in a sealed flask,  2HI (g) ↔ H2 (g) + I2 (g) ΔH > 0

1. What effect (increase, decrease, no change) will a decrease in temperature have on K?

2. What effect (inc, dec, none) will removing H2 have on the equilibrium constant, K?
3. In which direction will the reaction shift if gaseous H2 is removed from the system?

4. Adding a catalyst (a gold surface) (increases, decreases, does not change) the value of K.

5. The reaction will shift (left, right, no change) when 0.5 atm of Ar (g) is added to the system.
[ANS = decrease K, no affect, right, does not change, no change]
B. Consider the reaction          H2 (g) + I2 (g) ( 2 HI (g)

All 3 gases are initially at 0.1 atm.  Upon reaching equilibrium it is found that the H2 pressure has dropped 55%.  What is the equilibrium constant for this reaction? [ANS = 21.8]
C. Consider the decomposition    NH4HS(s) ↔ NH3(g) + H2S(g)

In a sealed flask at 25°C are 10.0 g NH4HS, ammonia with a partial pressure of 0.692 atm, and H2S with a partial pressure of 0.0532 atm. When equilibrium is established, it is found that the partial pressure of ammonia has increased by 12.4%.  Calculate K for the decomposition of NH4HS at 25°C.  [ANS = 0.108]
D. For the system    PCl5(g) ↔ PCl3(g) + Cl2(g)

At 300°C, the equilibrium constant for this reaction is 26. In a 5.0 L flask a gaseous mixture consists of 0.012 atm PCl5, 0.45 atm Cl2, and 0.90 atm PCl3. Calculate the reaction quotient, Q. In which direction will the reaction proceed? [ANS = 33.8, Q>K, goes left] 
E. For the system  H2(g) + I2(g) ↔ 2HI(g) ΔH° = -9.4 kJ

The equilibrium constant for this reaction is 62.5 at 800 K. What is the equilibrium

constant at 606 K? [ANS = 98.3]
F. Nitrogen dioxide can decompose to nitrogen oxide and oxygen.

2NO2(g) ↔  2NO(g) + O2(g)  K = 0.87

A 5.0 L flask at equilibrium is determined to have a total pressure of 1.25 atm and oxygen to have a partial pressure of 0.515 atm. What are the equilibrium partial pressures of nitrogen dioxide (NO2) and nitrogen oxide (NO) at equilibrium?

[ANS: NO2 = 0.32 atm, NO = 0.415]
G. In an experiment involving the determination of the equilibrium constant for a reaction, 10.0 mL of 2.00 x 10-3 M Fe+3 (aq) was mixed with  20.0 mL of 4.00 x 10-3 M SCN-(aq). The number of moles of FeSCN2+(aq) that was formed after the reaction of Fe+3 (aq) and SCN-(aq) came to equilibrium was 3.50 x 10-6 moles.

1. Calculate the concentration of Fe+3 (aq) at equilibrium. 
2. Calculate the concentration of SCN- (aq) at equilibrium.

3. Calculate the concentration of FeSCN+2 (aq) at equilibrium.

4. Calculate the equilibrium constant.

[5.5 x 10-4 M, 2.55 x 10-3 M, 1.167 x 10-4 M, 83.2]
H. Consider the following reaction:         2 H2S(g)  ↔ 2 H2(g) + S2(g)

A reaction mixture contains 0.112 atm H2, 0.055 atm S2 and 0.445 atm H2S.

K = 2.4 x 10-4 at 1073 K for the equilibrium system.  Is the system at equilibrium? Show by calculation. [No, Q = 0.0035, Q>K so goes left)
I. At 25°C, Kp = 2.9 x 10-3 for the reaction    NH4OCONH2(s) ↔ 2NH3(g) + CO2(g)

In an experiment carried out at 25°C, a certain amount of NH4OCONH2 is placed in an

evacuated rigid container and allowed to come to equilibrium. What is the total pressure in the container at equilibrium? [ANS = 0.27 atm]
J. For the equilibrium,     Br2(g) + Cl2 (g) ↔ 2 BrCl(g) K = 7.0 at 400 K

If 9.85 atm of Br2 and 9.85 atm of Cl2 are placed into a 1.0 L container at 400K, what is

the partial pressure of Cl2 after the equilibrium is reached? [4.23 atm]
K. Consider the reaction,      2 NO2 (g) ( N2O4 (g)
ΔH = +57.2 kJ

If K = 11 at 25°C, what is the equilibrium constant at 100°C? [ANS = 1,144]
L. Consider the reaction,         3 H2 (g) + N2 (g) ( 2 NH3 (g)

Find K if initially 0.3 atm N2 and 0.3 atm NH3 are put in a container and then at equilibrium the pressure of H2 is found to be 0.1 atm? [ANS = 163.3]

Ch 13 & 14

1. Consider a 0.15 M solution of NaC2H3O2 (Kb = 5.6 x 10-10).  At equilibrium,


A. [OH-] = [HC2H3O2],


B. [OH-] = [C2H3O2-],


C. [OH-] = [C2H3O2-] = [HC2H3O2]

2. A solution has a pH of 5. What is [OH-]?

3. Is NaCl acidic? (yes or no)

4. Consider a solution of KOH and a solution of Ba(OH)2.  Both solutions have the same molarity. Which solution has the higher pH?

5. For the reaction HCO3- (aq) + NH3 (aq) ( CO3-2 (aq) + NH4+ (aq)    which reactant is the Bronsted-Lowry base?
[ANS = A, 1 x10-9 M, No, Ba(OH)2, NH3]
Codeine (C18H21NO3) is a cough suppressant extracted from crude opium.

1. Write a reaction to show its basic nature in water.

2. Ka for the conjugate acid of codeine is 6.2 x 10-9. What is the pH of 0.020 M codeine?

[pH = 10.3]
NaC6H5CO2, sodium benzoate (a salt of benzoic acid), is used as a food preservative.

1. Write a chemical equation for dissolving NaC6H5CO2 in water.

2. Write a chemical equation for the equilibrium reaction that is established after NaC6H5CO2 dissolves in water.

3. Ka for HC6H5CO2 is 6.6 x 10-5. What is [OH-] in a 0.10 M solution of NaC6H5CO2?
[3.89x10-6 M]
Specify whether the aqueous solutions of these salts are acidic, basic or neutral
a)____ NH4Cl

e) ___ NH4CN

b)____ Na2CO3

f) ___ AlCl3

c)____
Li2HPO4 

g) ____
NH4NO2
d)____
FeCl3
[acids = a,d,f,g     bases = b,c,e]
Write a net ionic equation that shows the basicity of Ca(CN)2 in water.  What is the pH of a 0.05 M solution?  Kb of CN- is 1.7 x 10-5.
[11.1]
Consider the following titration curve, where the reaction involves

0.25 M acid and 0.25 M base. Write your answers on the blanks provided.

[image: image2.emf]
1. Does the reaction involve a strong or weak acid?

2. Is the acid monoprotic or polyprotic?

3. What is the equivalence point pH?

4. Halfway to the equivalence point, is the resulting solution a buffer? (Y  N)

5. How many mL of titrant are required to reach the equivalence point?

[weak, mono, ~8, Y, 50]
The concentration of NH3 (Kb = 1.8 x 10-5) in a solution is not known but needs to be determined. Standardized solutions of NaOH, HCl, Ba(OH)2, HF, and CH3NH2 are available, i.e., their concentrations are known. Also available are some indicators & a table with their pKa values.

1. Which standardized solution would you choose to titrate the unknown NH3 solution? 
2. An appropriate indicator should have a pKa near what value? __________

3. Suppose you made an error and selected an indicator with too large pKa when

you carried out the titration. Will the [NH3] determined be too large, correct, or too small?
[HCl, 9.3, too small]
A buffer is prepared using 0.25 mol NaH2PO4 and 0.12 moles of Na2HPO4 in 500.0 mL of solution. Ka of H2PO4- is 6.2 x 10-8.

1. What are the concentrations of [Na+] ,
[HPO42-] , [H2PO4-] ,
[H+] , & [OH-] ?
2. What is the pH of the solution?

3. 1.000 L of another buffered solution is prepared and contains 0.100 moles of

Na2HPO4 and 0.0900 moles NaH2PO4. 0.050 moles of HCl is added to it with no change in volume. What is the final pH?

What is the pH of a solution that is 1.0 X 10-4 M in NaOH?

The following questions pertain to the three solutions described below:


Solution A is 150 mL of 0.100 M HCl


Solution B is 150 mL of 0.100 M HC2H3O2

Solution C is 150 mL of 0.0500 M KOH

1. Which solution has the highest pH?

2. Which solution has the lowest percent ionization?

3. Which solution, when mixed with Solution C, will form a buffer?

4. What is the pH after solutions A and C are combined? 
When 50.0 mL of 0.300 M perchloric acid, HClO4, and 50.0 mL of 0.300 M calcium hydroxide, Ca(OH)2, are combined, the pH of the resulting solution will be Less than 7, Equal to 7, or Greater than 7.

What is the pH of a solution obtained by adding 13.0 g of NaOH to 795 mL of Sr(OH)2 with a pH of 13.60? Assume no volume change after NaOH is added.
A Solution of caproic acid is made by dissolving 52.28 grams of caproic acid in enough water to make 2.0 L solution. The solution has pH 2.77. What is Ka for caproic acid? (MM caproic acid = 116.16 g/mol)
A particular sample of vinegar has a pH of 2.90. Assuming that acetic acid is the only acid that vinegar contains (Ka = 1.8 x 10-5), what is the concentration of acetic acid in vinegar?
What is the pH of a 0.20 M solution of ethylamine (C2H5NH2)?   (Kb = 5.6 x 10-4)
1.
Halfway to the equivalence point of the titration of a weak acid, HQ, the pH is measured to be 4.3.  What is Kb for Q-?

2.
Given three indicators and their pKa values below, choose the best indicator for the titration of ammonium chloride with sodium hydroxide
	Indicator
	pKa

	Phenolphthalein
	9.5

	Alizarin yellow
	11.0

	Bromthymol blue
	6.5


3.
A buffer is made from HC2H3O2 (aq) and NaC2H3O2 (s).  The species present that reacts with KOH is?
4.
The pH of a 0.10 M solution of NH3 (aq) is ___ 13.0.  (GT, LT, EQ)
A buffer is prepared by dissolving 0.12 mol of sodium propionate (NaC3H5O2) in 1.50 L of 0.080 M propionic acid (HC3H5O2). What is the pH of this buffer? Assume no volume change after sodium propionate is dissolved. (Ka = 1.3 x 10-5)

Which of the following mixtures would result in a buffer solution if added to 650.0 mL of 0.40 M Sr(OH)2? Indicate buffer (B) and not buffer (N).
__________ 1.00 mol of HF 

__________ 0.30 mol of NaF
__________ 0.30 mol of HF 

__________ 0.30 mol of HCl

A buffer is prepared using the carbonic acid/bicarbonate (H2CO3/HCO3-) acid-base pair for which the ratio [H2CO3]/[HCO3-] is 0.091.     Ka1  for carbonic  acid is 4.4 x 10-7.
1. What is the pH of this buffer?

2. Enough strong base is added to convert 15% of H2CO3 to HCO3-.  What is the pH of the solution?
3. Enough strong base is added to get pH 6.90. What must be the ratio of [H2CO3] to [HCO3-] at this point?
How many moles of potassium hydroxide would have to be added to 125 mL of a 0.309 M formic acid, HCHO2, solution, in order to prepare a buffer with a pH of 3.190?

Pyridine, C5H5N, has Kb of 1.7 x 10-9. A 38.00 mL of 0.255 M solution of pyridine is titrated with 0.332 M HBr. (one mole of pyridine reacts with one mole of strong acid)
1. What volume of HBr is required to reach equivalence point?

2. What is the pH of the solution before any HBr is added?

3. What is the pH of the solution at the equivalence point? 

A sample of ionic compound NaA, where A- is the anion of the weak acid HA, was dissolved in enough water to make 100.0 mL of solution and was then titrated with 0.100 M HCl. After 500.0 mL of HCl was added, the pH was measured and found to be 5.00. It was found that to reach equivalence point 1.00 L of 0.100 M HCl was required. 
1. What is the Kb value for A-?

2. What is the pH of the solution at the equivalence point of the titration?

Two drops of indicator HIn (Ka = 1.0 x 10-9), where HIn is yellow and In- is blue, are placed in 100 mL of 0.10 M HCl.

1. What color is the solution initially?

2. What color will the solution be after 200.0 mL of 0.10 M NaOH solution has been added?

Benzoic acid, HC7H5O2, has a Ka value equal to 6.6 x 10-5. A student was asked to prepare a buffer having a pH of 3.50 from a 0.10 M benzoic acid and a 0.10 M sodium benzoate, NaC7H5O2, solution. How many milliliters of the sodium benzoate solution should she add to 20 mL of the 0.10 M benzoic acid to make the buffer?
Consider the following weak bases and their Kb values.


C5H7N  = 1.7 X 10-9

PO43-  = 2.2 x 10-2

H2NNH2 = 1.3 X 10-6

NH3  = 1.8 X 10-5
From these Kb values, write the formula for:

1. the weakest base.

2. the base with the smallest pKb

3. the base having the strongest conjugate acid.

4. the acid/base pair that would be most suitable for a buffer solution with a pH of 12.

5. which atom in the complex ion, [Fe(H2NCH2CH2NH2)3]+2, is a Lewis acid?

Phenylacetic acid, HC7H5O2, has a Ka of 4.9 x 10-5.

1. Calculate the pH of a solution prepared by adding 0.660 moles of phenylacetic acid

to 3.00 L of solution.

2. What is the percent dissociation of the phenylacetic acid solution in 1?

Pyridine, C5H5N, is a weak base with a Kb value of 1.7 x 10-9. A 25.0 mL solution of pyridine is titrated to its equivalence point using 35.0 mL of 0.100 M HCl solution.

1. What is the concentration of the original pyridine solution?

2. What is the pH at the equivalence point?

Formic acid, HCHO2, has a Ka of 1.8 x 10-4.

1. Calculate the pH of a solution prepared by adding 1.215 moles of formic acid to 3.00 L of solution containing 0.150 moles of sodium formate, HCOONa.

2. Write the net ionic reaction that occurs upon addition of hydrochloric acid to the solution in 1. 
3. Calculate the pH of the formic acid solution in 1 after addition of a total of 0.075 moles of HCl.

4. Calculate the pH of the formic acid solution in 1 after addition of a total of 0.250

moles of HCl. (Assume volume does not change)
Consider a solution of 0.150 M NaC2H3O2 for which Kb = 5.6 X 10-10.

Answer GT (greater than), LT (less), EQ (equal) or MI (more info) needed.

1. [HC2H3O2] _____ [C2H3O2-]

2. [Na+] _____ [C2H3O2-]

3. pH _____ 7.

4. the number of moles of HNO3 needed to titrate the solution is ____ 0.150.

5. Adding 0.075 mol HCl to 1 L this solution makes a buffer with pH___9.00.

A sample of 0.552 g of an unknown monoprotic acid was dissolved in water to a total volume of 20.0 mL and titrated with 0.1103 M KOH, and the equivalence point  occurred at 28.42 mL.

1. What is the molar mass of the acid?

2. After 10.0 mL of base was added in the titration, the pH was found to be 3.72. What

is the Ka for the unknown acid?

A 0.100 M solution of bromoacetic acid (HBrCH2COO), is 13.2% ionized.

1. What is the [BrCH2COO-] for the solution described above?

2. What is the pH of the solution?

3. What is the acid dissociation constant, Ka, for bromoacetic acid?

A 35.0 mL sample of 0.150 M acetic acid (HC2H3O2) with a Ka value of 1.8 x 10-5 is titrated with 0.120 M Ba(OH)2.

1. What volume of Ba(OH)2 is required to reach equivalence point?

2. What is the pH of the solution before any barium hydroxide is added?

3. What is the pH at the equivalence point?
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Answer GT (greater than), LT (less), EQ (equal) or MI (more info) needed.

Consider the complex ion [Cr(OH)2(C2O4)2]3-:

_____ 6. The oxidation number of the chromium ion is __ +2

_____ 7. The coordination number of the chromium is __ 4.

_____ 8. The number of unpaired electrons in the complex, which is low spin, is ___0.

_____ 9. Does the complex ion exhibit geometric isomerism? (Yes/No).

Consider an octahedral complex with chromium(III), Cr3+, as the central metal and five ligands: one ethylenediamine (en) molecule, two ammonia and two iodide ions. The electron configuration of Cr3+ is [Ar]3d3.

1. Draw the structure of the complex. Circle your answer.

2. Draw a geometric isomer of the complex. Circle your answer.

3. Draw arrows for the electrons in the d orbital energy levels for the complex.

____ ____

____ ____ ____

4. Is the complex diamagnetic? Circle one: (yes/no)

5. Do high-spin & low spin electronic structures exist for this complex? Circle: (Y/N)

6. Is the complex capable of absorbing visible light? Circle one: (yes/no)

Consider the complex ion Cu(NH3)42+. Its Kf value is 4.8 x 1012.

1. Write the equation for the formation of the complex ion from Cu2+ and NH3.

2. Write the equilibrium constant expression for the formation of Cu(NH3)42+.

3. At what concentration of ammonia is 85% of thecopper ion complexed by the

ammonia and converted into the complex ion?
What is the coordination number of the metal in the complex ion [Cr(NH3)2(ox)2]-2.
What is the oxidation number of the metal atom in the complex ion[Co(H2O)(Cl)2Br]-.

Consider the equilibrium   Ag+(aq) + 2CN-(aq) ↔ Ag(CN)2- (aq) Kf = 1.0 x 1021

a. If the solution at equilibrium has a concentration of 0.15 M cyanide, how many

Ag(CN)2- complex ions are present for every one Ag+ ion?

b. What must be the [CN-] in a solution that is 0.15 M in Ag(CN)2-, if [Ag+] is to be
kept as 1.0 x 10-8 M?
A 120.0 mL sample of a solution that is 2.8 x 10-3 M in AgNO3 is mixed with a 225.0 mL sample of a solution that is 0.10 M in NaCN. After the solution reaches equilibrium, what concentration of Ag+ remains? Kf for Ag(CN)2- = 2 x 1030
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Answer LT (less than), GT (greater than), EQ (is equal to), or MI (more info required)
Write Y if the statement is true and N if the statement is false.

1. Fairly insoluble ZnS dissolves in dilute HCℓ since [S-2] decreases because H2S (g) is formed.

2. If 0.10 M Na2S is added to 1.00 L of a saturated solution of ZnS, the molar solubility of ZnS does not change.

3. The molar solubility of silver chloride (AgCl, Ksp = 1.8 X 10-10) is _____ the molar solubility of silver chromate (Ag2CrO4, Ksp = 1.0 X 10-12).

4. The molar solubility of AgCℓ in water ___ the molar of AgCℓ in BaCℓ2.

5. The molar solubility of AgCℓ increases with an increase in temperature.
6. Two insoluble salts, AX and B2Y3 have the same Ksp at 25ºC. One can

therefore conclude that the solubility in mole/L of both salts is the same.

[ANS = Y, N, LT, GT, MI, N)

The solubility of CaF2 in water is 0.0968 g/L at a given temperature.

Calculate the Ksp of calcium fluoride. (MM of CaF2 = 78.08 g/mol)

[ANS = 7.6 x 10-9]
a) The maximum amount of PbCl2 that can be dissolved in 4 L of pure water is 0.58 g.  What is Ksp for PbCl2? [ANS = 5.6 x 10-10]
b) 6 L of 0.1 M Pb(NO3)2 is mixed with 5 L of 0.02 M NaCl. Will a precip form? [Yes, Q=4.5x10-6]

Calculate the molar solubility of Co(OH)2 in a 0.100 M Sr(OH)2 solution.

(Ksp of Co(OH)2 = 2.0 x 10-16)  [ANS = 5 x 10-15 mol/L]
A solution is prepared by mixing 0.100 L of a 0.0015 M MgCl2 solution with 0.200 L of a 0.0025 M NaF solution. Calculate the reaction quotient, Q, and state whether a precipitate of MgF2 (Ksp = 3.7 x 10-8) will form? [ANS ( Q = 1.39 x 10-9, Q<K, no precip)
Consider the following reaction where AgBr (Ksp = 5.0 x 10-13) is dissolved by NH3 to form [Ag(NH3)2+] (Kf = 1.6 x 107):

AgBr(s) + 2NH3(aq) ↔ Ag(NH3)2+(aq) + Br-(aq)

1. Calculate equilibrium constant, K, for the reaction.  [ANS = 8 x 10-6]
2. Calculate [NH3] at equilibrium when 0.920 g of AgBr completely dissolves in 1.00 L

solution. (MM of AgBr = 187.7 g/mol)

Write a balanced net ionic equation for the precipitation of antimony (III) sulfide by reacting H2S with antimony ion.  [ANS – see end of this Chapters questions]
Consider a saturated solution of AgI. Answer the following questions:

1. Adding AgNO3 (s) to the solution will (increase, decrease, not change) the concentration of I-?

2. Increasing the temp will (increase, decrease, cannot be determined) the solubility of AgI?

3. Adding HNO3 will (increase, decrease, not change) the solubility of AgI (you may neglect the volume change on addition the acid)?

 4. Adding NH3(aq) will (increase, decrease, not change) the solubility of AgI (you may neglect the volume change on addition of the ammonia)?

[ANS = decrease, cannot determine, not change, increase]

What is the Ksp for Hg2Cl2, for which the molar solubility is 6.3 x 10-7 M? [ANS = 1 x 10-18]
Consider a slightly soluble ionic compound, Cu3(AsO4)2, Ksp = 7.6 x 10-36
1. What is the molar solubility of Cu3(AsO4)2 in pure water?  [ANS = 3.7 x 10-8 mol/L]
2. What is the molar solubility of Cu3(AsO4)2 in 0.20 M Cu(NO3)2? [ANS = 1.57 x 10-17 mol/L]
A solution is prepared by mixing 35.00 mL of a 0.060 M solution of Zn(NO3)2 with 40.0 mL of a 0.105 M solution of KOH. (Assume the volumes are additive)

1. Calculate the reaction quotient. Will Zn(OH)2 (Ksp = 4 x 10-17) precip? [ANS 8.8 x 10-5, yes]
2. Calculate [Zn2+] and [NO3-] at equilibrium. [[Zn2+]= 2.15 x 10-6 M, [NO3-]=0.056 M]
When excess NaOH is added to Zn(OH)2, the complex ion Zn(OH)4-2 is formed. Zn(OH)2 (Ksp = 4 x 10-17). (Kf for Zn(OH)4-2   = 3 x 1014)

1. Calculate equilibrium constant, K, for the reaction. [ANS = 0.012]
2. What is the equilibrium pH of the solution when the molar solubility is 1.0 x 10-4 M?

A solution of Na2SO4 is added drop-wise to a solution that contains 1.0 x 10-2 M Ba+2 and 1.0 x 10-2 M Sr+2.

1. What concentration of SO4-2 is necessary to begin precipitation of each cation?

(Neglect the volume changes. BaSO4 ; Ksp = 1.1 x 10-10; SrSO4: Ksp = 3.2 x 10-7)

2. Which cation precipitates first? (Show your calculation)

[ANS - Ba+2 need 1.1x 10-8 M sulfate, Sr+2 3.2 x 10-5 M sulfate, so Ba+2 precips 1st]
When A+ ions react with B2- ions a precipitate forms.   2 A+ (aq) + B2- (aq) ( A2B(s)

In an experiment, 10.0 mL of 0.0400 M ACl (soluble ionic compound) are mixed with

10.0 mL of 0.0600 M Na2B.  A green precipitate forms. When equilibrium is established, it is determined (using a spectrophotometer) that [B2-] is 0.0250 M.

1. Fill in the table below. Note that all answers must be expressed in MOLARITY.

Do not write x’s on the table. Only numerical values will be graded.

	
	A+ (aq)
	B2- (aq)

	[ ]o
	
	

	Δ
	
	

	[ ]eq
	
	


2. Using the values from the table, calculate Ksp for A2B.

The molar solubility of CaF2 at 25°C is 3.3 x 10-4 mol/L. Calculate the solubility product constant, Ksp, for CaF2.

Consider the reaction  Sn(OH)2(s) + 2H+ (aq) → Sn2+ (aq) + 2H2O

Given that Sn(OH)2(s) Sn2+ (aq) + 2OH-(aq) with a Ksp for Sn(OH)2(s) is 5.45 x 10-27.

Calculate K for the reaction.

A saturated solution of copper(II) iodate, Cu(IO3)2 at 25°C is prepared by dissolving 0.341 g of copper(II) iodate in water to make 250.0 mL of solution. What is the Ksp for copper(II) iodate?

For the reaction Fe(OH)2(s) + 6CN-(aq) Fe(CN)6-4(aq) + 2OH- (aq) K = 2.0 x 1029
What is the [CN-] at equilibrium when 10.0 g of Fe(OH)2 (MM = 89.87 g/mol) is

dissolved in 1.00 L of solution?

Previous Questions Answers

3 H2S (aq) + 2 Sb+3 (aq)  (  Sb2S3 (s)  +  6 H+ (aq)
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Write Y if the statement is true and N if the statement is false.

_______ 1. Exothermic reactions are always spontaneous.

_______ 2. Raising the temperature always increases the entropy of a solid.

_______ 3. For a reaction, ΔGº = -70.0 kJ at 298 K and +10.0 kJ at 400 K. For this

reaction ΔSº<0 and ΔHº<0.

_______ 4. ΔSº always increases during a phase change.

Given the following molar entropies (J/K·mol),

H2S(g) = 205.7 NO(g) = 210.7 S(s) = 31.8 H2O(ℓ) = 69.9 HNO3 (ℓ) =155.6

Calculate ΔS° for the following reaction:

2HNO3(ℓ) + 3H2S(g) ( 2NO(g) + 4H2O(ℓ) + 3S(s)

Calculate the temperature at which vaporization of CHCℓ3 (ℓ) becomes spontaneous.

Sº (CHCℓ3(ℓ)) = 201.7 J/mol·K ΔHºf (CHCℓ3(ℓ)) = -132.3 kJ/mol

Sº (CHCℓ3(g)) = 295.6 J/mol·K ΔHºf (CHCℓ3(g)) = -102.9 kJ/mol

[ANSWER = 313 K. spont above that T]
Consider slightly soluble ionic compound, PbI2.

1. Using the ofΔGf° given below, calculate the ΔG° for dissolving PbI2 in water at 25°C.

ΔG°f (Pb+2) = -24.43 kJ/mol

ΔG°f (I-) = -51.57 kJ/mol

ΔG°f (PbI2) = -173.6 kJ/mol

2. Calculate the solubility product constant for PbI2 at 25°C.

At what temperature does the sublimation of CO2 become spontaneous?

ΔH°f (CO2 (g)) = -393.5 kJ


 
ΔH°f (CO2 (s)) = -550 kJ

S° (CO2 (g)) = +0.2136 kJ/mol


S° (CO2 (s)) = +0.0514 kJ/mol
[ANS = 965K]
For the reaction 2PbS(s) + 3O2(g) 􀃆 2PbO(s) + 2SO2(g)

For the reaction, ΔΗº = -844 kJ; ΔSº = -165 J/K at 25ºC.

1. What is ΔGº for the reaction at 200ºC? (Assume that ΔHº and ΔSº are

temperature independent)
2. Calculate Q and ℓn(Q) for the reaction if P 1.20 atm SO2 = and O2 P = 0.876 atm.

3. At 200ºC, and the conditions given in (2), what is ΔG? Is it spontaneous?

Use LT (less than), GT (greater than), EQ (equal to), or MI (for more info required)

___ 1. For a reaction where ΔHº > 0 & ΔSº < 0. ΔGº @ 800K ____ΔGº @ 1200K.

___ 2. Given a reaction for which ΔGº < 0, K ______ 1.

___ 3. For spontaneous reactions at standard conditions ΔGº ______ 0.

___ 4. For the reaction A(g) 􀃆 2B(g), ΔGº ______ 0

___ 5. The standard molar entropy for Na(s) at 298 K is _______ 0.

For a particular reaction, ΔH° = -1643 kJ and ΔS° = -316.0 J/K. Assume that

ΔH and ΔS do not vary with temperature.

1. At what temperature will the reaction have ΔG° = 0?

2. Will the reaction be spontaneous if the temperature obtained in part (1) is increased?

(YES or NO)

Consider the following reaction at 25ºC;  N2O(g) + NO2(g) 3NO (g) K = 4.4 x 10-19

1. Calculate ΔGº for the reaction 25ºC.

2. Calculate ΔGºf for NO (g) if ΔGºf for N2O = 104 kJ/mol & ΔGºf for NO2 = 51.3 kJ/mol.

What is the equilibrium constant Ksp at 25oC for PbCℓ2 (s) ↔ Pb+2(aq) + 2Cℓ-(aq)






ΔG°f (kJ/mol): -314.1
-24.4 
      –131.2

For the reaction    2N2H4(g) + 2NO2(g) ( 3N2(g) + 4H2O(g)

The following thermodynamic data is available:

ΔΗf (Kj/MOL)
S° (kJ/mol ⋅K )

N2H4
 95.0 


0.2385

NO2
 33.84 


0.2404

N2 
0


0.1915

H2O(g) -241.8 

0.1887

1. What is ΔH° for the reaction?

2. What is ΔS° for the reaction?

3. What is the partial pressure of steam at 100°C at the point in the reaction when

PN2 = 2.5 atm, PN2H4 =  PNO2 = 1.0 x 103 atm and ΔG = -1264.6 kJ?

Consider the reaction
 C3H8(g) + 5O2(g) ( 3CO2(g) + 4H2O(g)


ΔG°f kJ/mol
 -23.4 

0.0 
-394.4

 -228.6

1. What is ΔG° at 298 K for the reaction?

2. What is ΔG at 298 K for the reaction where each of the gases at 1.50 atm pressure?

Consider the following equations:

CH3OH (ℓ) + (3/2)O2 (g) ( CO2(g) + 2H2O (ℓ) ΔG° = -702.5 kJ

CH4(g) + 2O2(g) ( CO2(g) + 2H2O(ℓ) ΔG° = -818.1 kJ

What is ΔG° for the following reaction?

CH4(g) + (1/2)O2(g) ( CH3OH(ℓ)

For the reaction



2H2O (") + 
2Cl- (aq) ( H2 (g) + Cl2 (g) + 2OH- (aq)

ΔGf KJ/mol) ! " 
-237.2 
-131.2 


-157.2

1. Calculate ΔGº at 25ºC.

2. Calculate ΔG at 25ºC when PH2 =  PCl2 = 0.250 atm and [C" -] = 0.335 M, and the pH of  the solution is 11.98.

What is the temperature at which the vaporization of CHCl3 (l) becomes spontaneous? 




CHCl3(l)
CHCl3(g)


Sº (J/mol·K)
201.7

 295.6


ΔHf) kJ/mol)
-132.3

-102.9
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Write your answers on the blanks provided.

1. For the reaction Sn(s) + 2H+ (aq) ( Sn2+ (aq) + H2 (g) E0 = 0.141 V. The half cell

standard potential for Sn (s) ( Sn2+(aq) + 2e- (aq) is _______________.

2. For the half-equation Cl2(g) + 2e- ( 2Cl-(aq) E0 = 1.360 V. For the half-equation

4Cl- (aq) ( 2Cl2 (g) + 4e- E0 = _______________.

3. What is the standard potential for dissolving gold metal in 1M HCl (aq) at 25 ºC and

at 1 atm pressure of H2? _______________.

Is that reaction spontaneous? (YES or NO) _______________.

Consider the cell reaction represented as:

Pt | OH- (aq), O2 || ClO3-(aq), Cl- | Pt (basic medium)

1. Write a balanced chemical equation for the reaction.

2. Calculate the cell potential under standard conditions.

Using the table of half reactions as a guide, write the reaction whereby 1 M HNO3

dissolves silver metal to form a 1 M solution of silver ions and liberate NO(g).

* Calculate the standard cell potential for the reaction.

* Will the reaction go spontaneously under standard conditions? (YES or NO)

Consider a voltaic cell in which the following reaction takes place:

3O2(g) + 4NO(g) + 2H2O → 4 NO3- (aq) + 4H+(aq)

1. Calculate the standard cell voltage at 25°C.

2. If the actual cell voltage is 0.319 V when P 0.515 O2 = atm, PNO = 0.993 atm and

[NO3-] = 0.750 M, calculate pH of the solution.

Consider the following pair of half reactions, which comprise a voltaic cell
NO3-(aq) + 4H+(aq) + 3e- ( NO(g) + 2H2O E° = +0.964 V

Fe2+(aq) + 2e- ( Fe(aq) E° = -0.409 V

__:__1. N : Fe The ratio of the number of moles of N to the number of moles of Fe in the cell is

____2. As the cell operates, the pH will (increase, decrease)

____3. The reducing agent is _______________.

____4. The equilibrium constant for this reaction is (greater than, less than, equal to) 1

____5. Electrons flow from the cathode to the anode. (true or false).

Consider the voltaic cell NO | NO3- | Pt || Pt | ClO3- | Cl2 .  Find E° and ΔG° 298 K.

[ANS = +0.494 V, -715 kJ ]
Consider the cell reaction represented as: Al(s) | Al3+(aq) || Cu2+(aq) | Cu(s)

where aluminum, Al, is the anode.

E Al3 Al = 1.68 V and E Cu2 Cu = 0.339 V 
1. Write a balanced chemical equation for the reaction.

2. Calculate the cell potential under standard conditions.

For the following redox reaction that takes place under standard conditions and at 298 K, answer the following questions.

3SO4-2 (aq) + 2Cr(s) + 12H+ (aq) → 3SO2(g) + 2Cr+3 (aq) + 6H2O

E SO4-2- SO2 = 0.155 V and E Cr3 Cr = 0.744 V 
1. What is Eº for the cell?

2. What is the number of electrons, n, transferred?

3. What is ΔGº?

4. Is the reaction spontaneous? (answer as YES or NO)

Consider a voltaic cell in which the following reaction takes place:

 N2H5+(aq) + 4Fe(CN)6-3(aq) ( N2(g) + 5H+(aq) + 4Fe(CN)6-4(aq) E° = 0.590 V

What is the cell voltage when [Fe(CN)63-] = 1.3 M, [Fe(CN)64-] = 0.010 M,

[N2H5+] = 0.050 M, P 0.50 atm, N2 = and the pH in the cathode compartment is 3.50?

Given the standard reduction potentials

NO3-(aq) + 4H+(aq) + 3e- ( NO(g) + 2H2O     E° = 0.964 V

I2(s) + 2e- ( 2I-(aq)        E° = 0.534 V

Cr+3(aq) + 3e- ( Cr (s)       E° = -0.744 V

Sn+2(aq) + 2e- ( Sn(s)     E° = -0.141 V

1. Which of the following species is the stronger oxidizing agent?  NO3- or I2 ?
2. Which of the following species is the stronger reducing agent?  Cr or Sn (?

Consider the following voltaic cell where gold is oxidized:

Pt│Pb2+(aq) │H+(aq), PbO2(s)║Au3+(aq)│Au(s)

Where the standard reduction potentials are

PbO2(s) + 4H+(aq) + 2e- ( Pb2+(aq) + 2H2O E° = 1.455 V

Au3+(aq) + 3e- ( Au(s) E° = 1.52 V

1. Write the balanced cell reaction.

2. Calculate E° for the cell.

Consider a voltaic cell in which the following reaction takes place

ClO-3 (aq) + 3Mn+2(aq) + 3H2O ( Cl-(aq) + 3MnO2(s) + 6H+(aq) E° = 0.220 V

Calculate E under the following conditions: [ClO3-] = 0.65 M, [Mn2+] = 0.25 M,

[H+] = 1.25, and [Cl-] = 1.50 M.
Metallic magnesium can be made by the electrolysis of molten MgCℓ2.  What mass of Mg is formed by passing a current of 5.25 A through molten MgCℓ2 for

2.5 days?
Consider the following voltaic cell where sulfide is oxidized:

Pt |S-2| S || NO-3 | NO | Pt (basic solution)

1. Write the balanced cell reaction

2. Calculate E° for the cell.

Consider the following reaction at 25ºC:

3H2O2(aq) + 6H+ (aq) + 2Au (s) ( 2Au3+ (aq) + 6H2O

1. What is Eº?

2. What is n?

3. What is ΔGº?

4. What is K?

Consider a voltaic cell in which the following reaction takes place.

2MnO-4 (aq) + 5Cu(s) + 16H+(aq) ( 2Mn+2 (aq) + 5Cu+2(aq) + 8H2O Eo = 1.173V

Calculate E under the following conditions: [Cu2+] = 0.012 M, [MnO4-] = 2.34 M,

[Mn2+] = 0.021 M, Cu = 2.0 g and pH = 4.0.
Elemental calcium is produced by the electrolysis of molten CaCl2. Assume

a yield of 100%,

1. If one kg of calcium metal is produced in one day, how many moles of electrons

must pass through the cell?

2. What magnitude of current is required to produce 1.0 kg of calcium in one day?

Ch 19

______ 1. Which of the following pairs of species are isotopes?

A. Na, Na+ 

B. O2, O3 

C. 235U, 239Pu

D. 14C, 13C 

E. 3H, 3He

______ 2. The number of protons, electrons, and neutrons respectively in Tc-99 is

A. 43, 99, 56 

B. 56, 43, 99

C. 43, 43, 56 

D. 99, 43, 56

______ 3. Pu-239 decays by alpha particle emission. What is the resulting product?

A. U-235


 B. Th-237

C. Pu-238


 D. Cm-241
______ 4. Tc-99 has a half life of 6 hours. What fraction of the original Tc-99

remains after 24 hours?

A. 1/4 

B. 1/8

 C. 1/16 

D.1/3

______ 5. K-electron capture in an atom results in

A. An increase in mass number

B. An increase in atomic number

C. A decrease in mass number

D. A decrease in atomic number

E. No change in the element

1. Write a balanced nuclear equation for the fission of U-235 to give Ba-140, another nucleus and an excess of two neutrons.

2. The neutron is one of the products of the reaction of an alpha particle with

beryllium-9. This is the reaction which resulted in the discovery of the neutron by

Chadwick in 1932. Write a balanced nuclear equation for this reaction.

Naturally occurring potassium is 0.0118% potassium-40, a radioactive nuclide with half-life 1.28 x 109 years. An average person contains 4.3 moles of potassium. How many potassium-40 nuclei decay in that person's body each second?

Consider the following fission reaction in which U-235 bombarded by neutrons.

23592U + 10n ( 13954Xe + 9538Sr + 2 10n
1. Calculate Δm in grams when one mole of U-235 undergoes fission reaction.

2. Calculate ΔE when one gram of U-235 undergoes fission.

Nuclear masses (in amu)

U-235: 234.9934
Xe-139:138.8891
n: 1.00867
Sr-95: 94.8985

LT (is less than), GT (is greater than), EQ (equal to) or MI (more info required).

You may use True or false whenever it is necessary.

___ 1. The mass number decreases with beta emission.

___ 2. Number of neutrons in an alpha–particle __ number of neutrons in Li-6.

___ 3. The number of protons in Cm-242 before Beta-emission (3) the number

of protons in the resulting nucleus after Beta-emission.

____ 4. A radioactive species with a large rate constant, k, decays very slowly.

___ 5. The mass of a positron (5) the mass of electron.

A 1.0 mg sample of technetium-99 has an activity of 1.7 x 10-5 Ci, decaying by beta emission.

1. What is the decay constant for 99 43Tc?
2. What is the half-life of this isotope in years?

