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Chemistry 162/162SG Final Exam May 7, 2007 

Student Name (Print): ____________________ 

Recitation Section Number:  cc 

Recitation Instructor:  __________________ 

The exam booklet has 50 questions for credit and one additional question to check the color of 

your exam booklet.  Please answer all 50 questions on the OpScan sheet.  Use the best answer 

of the choices available.  There is no penalty for guessing.  At the end of the 3-hour exam period, 

please hand in only this top sheet and your OpScan form.  If you finish early, please do not 

disturb your fellow students.  A proctor will check your picture ID, OpScan form, signature and 

calculator during the exam.  The use of calculators with permanent memories (graphing 

calculators), cell phones, pagers, PDAs or other electronic devices other than a basic 

scientific calculator is expressly forbidden.  The last page of the booklet contains a periodic 

table along with other useful data.  The use of any other notes or information on this test will be 

considered a violation of the Academic Honesty provisions of the student code.  Exam scores 

will be posted as soon as possible. 

ON THE OpScan FORM (Use a #2 pencil or darker)   

1.  SIGN your name across the top of the form.   

2.  Code the following information (blacken circles)   

 Your Name (LAST NAME FIRST)   

 Your RUTGERS ID NUMBER   

 [Start under Box A and continue to Box I ]   

 Your RECITATION SECTION NUMBER in K & L    

 [Sections 01-08, code a 0 under box K ]   

 Your EXAM FORM NUMBER under box P   

   

   

   

   

   

 

Your EXAM FORM is ¡ 
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Your EXAM FORM is ¡ 

1 How many of the following compounds exhibit geometric isomers? 

I. Pt(NH3)2Cl2  

II.  [Co(NH3)6]Cl3 

III.  [Ni(NH 3)4(NO2)2] 

IV. K2[CoCl4] 

A. 0 

B. 1 

C. 2 

D. 3 

E. 4 

2 From the table of standard reduction potentials at the end of this exam, determine the 

equilibrium constant for the following reaction: 

Mg(s) + Sn
2+

(aq) Ӱ Mg
2+

(aq) + Sn(s) 

A. 3×10
37

 

B. 5×10
80

 

C. 9×10
-76

 

D. 2×10
-30

 

E. 1×10
75

 

3 Which of the following solid salts is more soluble in 1.0 M H
+
 than in pure water? 

A. NaI 

B. KBr 

C. FePO4 

D. AgCl 

E. KNO3 
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4 For which of the following reactions is Kc > Kp? 

A. H2O(s) Ӱ H2O(g) 

B. H2(g) + ½ O2(g) Ӱ H2O(g) 

C. H2(g) + Cl2(g) Ӱ 2HCl(g) 

D. 2KClO3(s) Ӱ 2KCl(s) + 3O2(g) 

E. 2O3(g) Ӱ 3O2(g) 

5  ҫo
(volts) 

Cl2(aq) + 2e
-
  2Cl

-
(aq) 1.36 

Br2(aq) + 2e
-

 2Br
-
(aq) 1.08 

Sn
2+

(aq) + 2e
-
  Sn(s) -0.14 

Ni
2+

(aq) + 2e
-
   Ni(s) -0.24 

 

A solution containing 1.0 M NiCl2 and 1.0 M SnBr2 undergoes electrolysis by passing a 

current between two platinum electrodes.  What are the most likely first products to be 

formed? 

A. Ni(s) at the cathode, Cl2(aq) at the anode 

B. Ni(s) at the cathode, Br2(aq) at the anode 

C. Sn(s) at the cathode, Br2(aq) at the anode 

D. Sn(s) at the cathode, Cl2(aq) at the anode 

E. Cl2(aq)  at the cathode,  Ni(s) at the anode 

6 A wooden artifact has a 
14

C activity of 12 dpm/g.  A sample of wood from a modern source 

has an activity of 15 dpm/g.  The half life of 
14

C is 5730y.  What is the age of the artifact?  

[Note:  dpm is decays per minute] 

A. 5.0×10
3
 y 

B. 800y 

C. 1.3×10
3
y 

D. 7.2×10
3
y 

E. 1.8×10
3
y 
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7 The cell potential for the cell with the reaction Zn(s) + 2H
+
(X M) Ÿ Zn

2+
(2.5M) + H2(4.5 

atm) is observed to be 0.445V.  What is the pH in the H
+
/H2 half-cell? 

A. 4.85 

B. 9.69 

C. 19.4 

D. 1.43×10
-5

 

E. 7.00 

8 Suppose 0.500atm of H2S, O2, H2O, and SO2 are added to a 1.000L container at 25 C. 

Calculate G for this reaction under these conditions. 

2H2S(g) + 3O2(g) Ӱ 2H2O(g) + 2SO2(g) Kp = 3.0 10
5
 

A. ï31.2 kJ 

B. ï1.72 kJ 

C. ï29.5 kJ 

D. ï33.0kJ 

E. +1.72kJ 

9 When the Pd-106 nucleus is struck with an alpha particle, a proton is produced along with a 

new element.  What is this new element? 

A. Cd-112 

B. Cd 109 

C. Ag-108 

D. Ag-109 

E. Ag-110 
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10 Which of the following solutions would be a buffer solution? 

A. 50 mL 1 M HCl + 50 mL 1 M NH3 

B. 50 mL 1 M HCl + 50 mL 1 M NaOH 

C. 25 mL 1 M NaOH + 50 mL 1 M CH3COOH 

D. 25 mL 1 M NaOH + 50 mL 1 M NH3 

E. 50 mL 1 M NaOH + 25 mL 1 M CH3COOH 

11 
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The graph above represents data taken for the reaction:   

2NO2(g)  2NO(g) + O2(g) 

In the experiment, 0.010 mol of NO2(g) is introduced into a 1.00 L rigid flask held at constant 

temperature.  Which conclusions can be made from this graph? 

 X.  
t

O

t

NO 22

2

1
 

 Y.   The forward rate of the reaction equals zero at t = 500 seconds 

 Z.   The forward rate of the reaction is greater than the reverse rate of the reaction at t = 100 

seconds 

A. X, Y, and Z 

B. X, Z only 

C. X, Y only 

D. Y, Z only 

E. Y only 

              NO2 

 

               NO 

 

                O2 
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12 Which of the following is not a factor in determining the biological effects of radiation 

exposure? 

A. the energy of the radiation 

B. the temperature of the material emitting the radiation 

C. the penetrating ability of the radiation 

D. the chemical properties of the radiation source 

E. the ionizing ability of the radiation 

13 What mode of radioactive decay is most likely for the isotope   11
20Na? 

A. alpha emission 

B. beta emission 

C. gamma emission 

D. positron emission 

E. no decay: itôs a stable isotope 

14 The vapor pressure of pure benzene (C6H6) and toluene (C7H8) at 25 °C are 95.1 Torr and 28.4 

Torr respectively. A solution is prepared with a mole fraction of toluene of 0.750. Assuming 

the solution to be ideal, determine the mole fraction of toluene in the vapor phase. 

A. 0.473 

B. 45.1 

C. 0.527 

D. 0.896 

E. 21.3 
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15 In the compound Na[FeCl2(C2O4)(NH3)(CO)], which of the following is acting as a Lewis 

acid? 

A. Cl
-
 

B. Fe
3+

 

C. NH3 

D. Na
+
 

E. CO 

16 What is the freezing point of a 0.100 M aqueous solution of a weak acid HX with a Ka of 

1.25×10
-4
?  Kf of water = 1.86 °C kg/mol and assume the solution has a density of 1.00 g/mL.  

[Hint i is not 1 in this problem.] 

A. ï0.186 °C 

B. ï0.372 °C 

C. ï0.192 °C 

D. ï0.198 °C 

E. +0.192 °C 

17 When a stable diatomic gaseous molecule spontaneously forms from its gas phase atoms, what 

are the signs of H°, S°, and G°? 

 H° S° G° 

A + + + 

B + ï ï 

C ï + + 

D ï ï + 

E ï ï ï 
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18 Which one of the following salts will have an aqueous solution with a pH less than 7? 

A. NH4Cl 

B. NaBr 

C. K2CO3 

D. KCN 

E. NaCH3COO 

19 What is the pH of a 0.15M NaCH3COO(aq) solution?  The Ka of CH3COOH is 1.8×10
-5

. 

A. 2.78 

B. 5.04 

C. 8.96 

D. 11.22 

E. 4.74 

20 Calculate the molar solubility of Ag2SO4 in 1.00M Na2SO4(aq).  Ksp of Ag2SO4 is 1.4×10
-5

. 

A. 1.9×10
-3

M 

B. 2.3×10
-3

M 

C. 3.5×10
-3

M 

D. 4.7×10
-4

M 

E. 6.2×10
-3

M 
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21 When the U-235 nucleus absorbs a thermal neutron, Ba-141and Kr-92 nuclei are produced 

along with some neutrons.  How many neutrons are emitted? 

A. 2 

B. 3 

C. 4 

D. 5 

E. 6 

22 Consider the reaction 2A + B  Products 

What is the rate law given the following data? 

[A] (M)  [B] (M)  Initial rate (M/s) 

0.10 0.20 6.64  10
-7 

0.10 0.30 1.49  10
-6 

0.30 0.30 4.48  10
-6 

 

A. rate = k[A]
2
[B]  

B. rate = k[A][B] 

C. rate = k[A]
2
 

D. rate = k[B]
2
 

E. rate = k[A][B]
2
 

23 A chemical system is at equilibrium 

A. when the concentration of reactants and products are equal. 

B. when all of the reactants have been used up. 

C. when the rate of the forward reaction becomes zero.  

D. when the rates of the forward reaction and the reverse reaction are both zero. 

E. when the rates of the forward reaction and the reverse reaction are equal. 



 10 

24 The greatest radiation exposure for the average American comes from which of the following 

sources? 

A. medical x rays 

B. nuclear power plants 

C. electrical transmission wires 

D. industrial waste 

E. the combination of the natural background radiation including cosmic rays 

25 Which of the following coordination compounds will form a precipitate when treated with an 

aqueous solution of AgNO3? 

A. [Cr(NH3)3Cl3] 

B. [Cr(NH3)6]Cl3 

C. [Cr(NH3)Cl](NO3)2 

D. Na3[Cr(CN)6] 

E. K3[CrCl6] 

26 Assume you had 0.30 m aqueous solutions of the compounds listed below.  Which of the these 

solutions would be most effective in removing ice from a sidewalk? 

A. CaCl2 

B. C6H12O6 

C. KNO3 

D. NaBr 

E. C12H22O11 
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27 A new,molecular compound produces an osmotic pressure of 0.0964 atm when 3.15 g of the 

compound is dissolved in enough water to make 150. mL at 25 °C.  What is the molecular 

mass of the compound? 

A. 447g/mol 

B. 5330g/mol 

C. 45,300 g/mol 

D. 49.5 g/mol 

E. 1690 g/mol 

28 500.0 mL of 0.020 M Mn(NO3)2 are mixed  with 1.0 L of 1.0 M Na2C2O4.  The oxalate ion, 

C2O4
2-

, acts as a ligand to form complex ions with the Mn
2+

 ion. 

 Mn
2+

 + C2O4
2ï

 Ӱ MnC2O4  K1 = 7.9  10
3
 

 [Mn(C2O4)2]
2ï

 Ӱ MnC2O4 + C2O4
2ï

 K2 = 1.26  10
ï2

 

What is the equilibrium constant for the following reaction: 

Mn
2+

 + 2C2O4
2ï

 Ӱ [Mn(C2O4)2]
2ï

 

A. 1.0 

B. 3.7  10
2
 

C. 2.1  10
ï1

 

D. 6.3  10
5
 

E. none of these 

29 H2(g) + I2(g) Ӱ 2HI(g) K = 54.5 

What is the equilibrium constant for the reaction: 

HI(g) Ӱ ½ H2(g) + ½ I2(g) 

A. 27.2 

B. 0.0367 

C. 7.38 

D. 1.45 

E. 0.135 
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30 Which condition will increase of the value of the equilibrium constant? 

A. Raising the temperature at which an exothermic reaction is conducted. 

B. Adding a catalyst to an endothermic reaction. 

C. Raising the temperature at which an endothermic reaction is conducted. 

D. Removing the products from the reaction mixture. 

E. Reducing the size of the container in a gas phase reaction. 

31 The graph below represents the titration of 50 mL of a 0.10 M acid with 0.10 M NaOH 
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Which of the following statements are consistent with this titration curve? 

 X.  The equivalence point occurs when approximately 25 mL of NaOH are added 

 Y.  The curve represents the titration of a weak acid. 

 Z.  The pKa of the acid is approximately 9.4. 

A. X,Y, and Z 

B. X,Y only 

C. Y, Z only 

D. Y only 

E. Z only 
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32 Consider the following plot for the reaction: 

A(g) Ӱ B(g)   K = 3.0 

X

Y

Z

[A] M

[B
] 
M

Equilibrium line

 
Which of the following statements is true? 

A. Point Z represents Q < K. 

B. Point X represents Q>K. 

C. Point Y represents Q<K 

D. Point X represents Q<K 

E. The system is at equilibrium when [B] = 4.0M and [A] = 2.0M 

33 Which of the following is TRUE for the cell shown below under standard state conditions? 

 Pt(s) H2(g) H
+
(aq) Ag

+
(aq) Ag(s) ҫ = 0.80 V 

A. Ag
+
 is reduced at the anode. 

B. H2 is oxidized at the cathode. 

C. Electrons flow externally from Ag(s) to Pt(s). 

D. Cations flow through the salt-bridge from the H
+
(aq) side to the Ag

+
(aq) side. 

E. Pt(s) is a sacrificial anode. 
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34 A 100-mL sample of water is placed in a coffee cup calorimeter. When 1.0 g of an ionic solid 

is added, the temperature of the resulting solution decreases from 21.5 °C to 20.8 °C as the 

solid dissolves. For the dissolving of the solid 

A. H < 0 

B. Suniv > 0 

C. Ssys< 0 

D. Ssurr > 0 

E. ȹSuniv < 0 

35 What is the coefficient of H
+
 when the following skeletal reaction is balanced in acid with the 

lowest possible set of integer coefficients? 

IO3
-
(aq) + Tl

+
 +Cl

-
  ICl2

-
 + Tl

3+
 

A. 2 

B. 3 

C. 4 

D. 5 

E. 6 

36 An automobile antifreeze contains equal volumes of ethylene glycol (d = 1.114 g/mL); FW = 

62.07) and water (d = 1.00g/mL) at 25 °C.  The solution has a density of 1.06g/mL.  What is 

the molarity of ethylene glycol in the solution?  [Hint:  the volumes are NOT additive!] 

A. 9.00 

B. 5.68 

C. 4.50 

D. 0.323 

E. 8.97 
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37 Calculate the molar concentration of uncomplexed Zn
2+

 in a solution that at equilibrium is 
0.20M in [Zn(NH3)4]

2+
 and 0.0116 M in NH3.  The overall Kf for [Zn(NH3)4]

2+
 is 3.8 10

9
. 

A. 2.9  10
ï3

 M 

B. 8.8 10
ï3

 M 

C. 6.7  10
ï4

 M 

D. 2.0  10
ï13

 M 

E. 3.8 × 10
-9

 M 

38 Given the following data, calculate the normal boiling point for formic acid (HCOOH). 

H°f 

(kJ/mol) 

S° 

(J/mol K) 

HCOOH(l) ï410 130 

HCOOH(g) ï363 251 

 

A. 2.57 K 

B. 1730 K 

C. 115 K 

D. 82 K 

E. 388 K 
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39 One of the hopes for solving the worldôs energy problem is to make use of the fusion reaction: 

   H2
1  + H3

1    He4
2  + n1

0  + energy 

How much energy is released when one mole of deuterium is fused with one mole of tritium 

according to the above reaction? The masses of the atoms and the neutron are: 

   H2
1  = 2.0140 u H3

1 = 3.01605 u 

   He4
2  = 4.002603 u n1

0 = 1.008665 u 

A. 5.63  10
8
 J 

B. 56.3 J 

C. 1.69  10
12

 J 

D. 7.84  10
44

 J 

E. 8.44  10
11

 J 

40 Determine the pH of a 0.15 M H2NNH2 solution. Kb for H2NNH2 is 8.5 × 10
ī7

. 

A. 9.52 

B. 10.97 

C. 3.45 

D. 10.55 

E. 13.00 
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41 Consider the following equilibrium: 

PCl5 (g) Ӱ PCl3 (g) + Cl2 (g) 

A flask is filled with PCl5 to a pressure of 2.00 atm at 300°C and allowed to come to 

equilibrium. Analysis shows the total pressure in the flask at equilibrium is 3.96 atm. 

Determine the value of Kp at this temperature. 

A. 3.96 

B. 49.0 

C. 96.0 

D. 0.886 

E. 7.84 

42 When an ionic salt dissolves in water, the strongest solute-solvent interaction is 

A. ion-dipole. 

B. hydrogen bonding. 

C. London forces. 

D. ion-ion forces. 

E. dipole-dipole. 

43 Give the formula of the coordination compound that has the name tetraamminecopper(II) 

tetrachloroplatinate(II). 

A. [Cu2(NH3)4][Pt2Cl4] 

B. [Cu(NH3)4][PtCl]4 

C. [PtCl4][Cu(NH3)4] 

D. [Cu(NH3)4][PtCl4] 

E. [Cu(NH2)4][PtCl4] 
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44 Calculate the pH after 10.0 mL of 0.400 M NaOH is added to 20.0 mL of 0.50 M CH3COOH.  

(Ka CH3COOH = 1.8 × 10
ī5

). 

A. 2.52 

B. 0.70 

C. 13.70 

D. 4.57 

E. 7.00 

45 Which of the rate laws below best represents the following mechanism for the decomposition 

of NO2Cl? 

NO2Cl(g) Ӱ NO2(g) + Cl(g)   Fast equilibrium 

NO2Cl(g) + Cl(g) Ÿ NO2(g) + Cl2(g) Slow 

A. k[NO2Cl]
2
[NO2]

-1
 

B. k[NO2Cl]
2
[NO2] 

C. k[NO2Cl][NO2] 

D. k[NO2Cl][NO2]
-1
 

E. k[NO2Cl]
2
 

46 Which statement regarding the collision theory of kinetics is true? 

A. All reactants that collide with enough energy form products. 

B. Only a fraction of the collisions with enough energy form products. 

C. All reactants that collide with the correct orientation form products. 

D. Reactants that collide with kinetic energy greater than æH go on to form products. 

E. Ea of the reverse reaction is always greater than Ea of the forward reaction. 
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47 How long will it take a current of 0.50A to plate 10.0g of gold from a solution of Au
3+

(aq)? 

A. 2.7hr 

B. 8.2hr 

C. 1.4hr 

D. 9.6hr 

E. 6.3hr 

48 A concentration cell is constructed using two Ni electrodes with Ni
2+

 concentrations of 1.0 M 

and 1.00  10
ï4

 M in the two half-cells.  Calculate the potential of the cell at 25 °C. 

A. ï0.368 V 

B. +0.132 V 

C. ï0.132 V 

D. +0.118 V 

E. +0.0592 V 

49 The pH in a saturated solution of Mg(OH)2 is 10.56. The Ksp of Mg(OH)2 is 

A. 1.3  10
-7
 

B. 4.8  10
-11

 

C. 1.2  10
-11

 

D. 3.6  10
-4
 

E. 2.4×10
-11
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50 The concentration of both Ag
+
(aq) and Pb

2+
(aq) is 0.10M in a particular solution.  Solid NaCl 

is added slowly.  What is the concentration of Ag
+
 that remains in solution when PbCl2 just 

begins to precipitate? 

Ksp of AgCl = 1.6×10
-10

; Ksp of PbCl2 =2.4×10
-4

 

A. 3.3×10
-9

 M 

B. 4.9 × 10
-3

 M 

C. 6.7×10
-9

 M 

D. 2.0×10
-10

 M 

E. 7.8 × 10
-3

 M
 
 

51 What is the color of my exam? 

A. white 

B. blue 

C. pink 

D. yellow 
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Your EXAM FORM is ¡ 

Constants and Formulae 

1 L atm = 101.325 J 1 atm = 760 Torr = 101.325kPa F = 96,485 C/mol 

NA = 6.022 10
23

 mol
-1
 1 J = 1 kg m

2
 s

-2
 1 Pa = 1 kg m

-1
 s

-2
 

mneutron = 1.0087 u  mproton = 1.0073 u  1 u = 1.6605410
-27

kg 

R = 0.08206 L atm mol
-1

 K
-1

 = 8.3145 J mol
-1
 K

-1
 c = 2.998 10

8
 m/s   

a

acbb
x

2

42

  PV = nRT  = iMRT Tb = iKbm Tf = iKfm 

q = ms T = C T = -n H  PA = APA
0
  1J = 1C 1V 

2BA

A
A

nn

n
  E = mc

2
 1A = 1 C/s Kw = Ka × Kb 

 [A] ï [A] 0 = -kt kt
A

A

0

ln  kt
AA 0

11
 kt

AA
2

11
2

0
2

 

A
RT

E
k a lnln  RT

Ea

Aek  
HA

A
pKpH a log  Kw = 1×10

-14
 at 25 °C  

Suniv = Ssys + Ssurr  G = G  + RTlnQ  KP = Kc(RT)
æn

  ҫ =  ҫcat ï ҫan 

ReactantsProducts

nSnSS  
Reactants

f
Products

f GnGnG  

q = I t  
B

BH
pKpOH b log  %100

1

1
%

maxi

i
onDissociati  

QQ
n

ln
n

0.02569
-Ůlog

0592.0
ŮŮ  G = H ï T S 

T

H
Ssurr  

ȹGÁ = -RT lnK = -nFҫ° K
n

K
n

ln
02569.0

log
0592.0
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Standard Reduction Potentials at 25 °C for Selected Half-Reactions 

 


