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INFORMATION IN THE TABLE BELOW AND IN THE TABLES ON PAGES 3-5 MAY BE USEFUL IN ANSWERING 
THE QUESTIONS IN THIS SECTION OF THE EXAMINATION. 
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STANDARD REDUCTION POTENTIALS IN AQUEOUS SOLUTION AT 25 C∞  

 Half-reaction (V)E∞  
 

2F ( ) 2g e-+  Æ  2 F-  2.87
 3+Co e-+  Æ  2Co +  1.82
 3+Au 3e-+  Æ  Au( )s  1.50
 

2Cl ( ) 2g e-+  Æ  2Cl-  1.36
 +

2O ( ) 4H 4g e-+ +  Æ  22H O( )l  1.23
 

2Br ( ) 2l e-+  Æ  2 Br-  1.07
 2+2Hg 2e-+  Æ  2+

2Hg  0.92
 2+Hg 2e-+  Æ  Hg( )l  0.85
 +Ag e-+  Æ  Ag( )s  0.80
 2+

2Hg 2e-+  Æ  2Hg( )l  0.79
 3+Fe e-+  Æ  2+Fe  0.77
 

2I ( ) 2s e-+  Æ  2 I-  0.53
 +Cu e-+  Æ  Cu( )s  0.52
 2+Cu 2e-+  Æ  Cu( )s  0.34
 2+Cu e-+  Æ  +Cu  0.15
 4+Sn 2e-+  Æ  2+Sn  0.15
 +S( ) 2H 2s e-+ +  Æ  2H S( )g  0.14
 +2H 2e-+  Æ  2H ( )g  0.00
 2+Pb 2e-+  Æ  Pb( )s  – 0.13
 2+Sn 2e-+  Æ  Sn( )s  – 0.14
 2+Ni 2e-+  Æ  Ni( )s  – 0.25
 2+Co 2e-+  Æ  Co( )s  – 0.28
 2+Cd 2e-+  Æ  Cd( )s  – 0.40
 3+Cr e-+  Æ  2+Cr  – 0.41
 2+Fe 2e-+  Æ  Fe( )s  – 0.44
 3+Cr 3e-+  Æ  Cr( )s  – 0.74
 2+Zn 2e-+  Æ  Zn( )s  – 0.76
 

22H O( ) 2l e-+  Æ  2H ( ) + 2OHg - – 0.83
 2+Mn 2e-+  Æ  Mn( )s  – 1.18
 3+Al 3e-+  Æ  Al( )s  – 1.66
 2+Be 2e-+  Æ  Be( )s  – 1.70
 2+Mg 2e-+  Æ  Mg( )s  – 2.37
 +Na e-+  Æ  Na( )s  – 2.71
 2+Ca 2e-+  Æ  Ca( )s  – 2.87
 2+Sr 2e-+  Æ  Sr( )s  – 2.89
 2+Ba 2e-+  Æ  Ba( )s  – 2.90
 +Rb e-+  Æ  Rb( )s  – 2.92
 +K e-+  Æ  K( )s  – 2.92
 +Cs e-+  Æ  Cs( )s  – 2.92
 +Li e-+  Æ  Li( )s  – 3.05 
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ADVANCED PLACEMENT CHEMISTRY EQUATIONS AND CONSTANTS 
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ATOMIC STRUCTURE 
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THERMOCHEMISTRY/KINETICS 
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GASES, LIQUIDS, AND SOLUTIONS 
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OXIDATION-REDUCTION; ELECTROCHEMISTRY 
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CHEMISTRY 
Section II 

(Total time—95 minutes) 
 

Part A 
Time—55 minutes 

YOU MAY USE YOUR CALCULATOR FOR PART A. 
 

 
CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS. 
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if 
you do not. Attention should be paid to significant figures. 
 
Be sure to write all your answers to the questions on the lined pages following each question in this booklet. Do 
NOT write your answers on the lavender insert. 
 
Answer Questions 1, 2, and 3. The Section II score weighting for each question is 20 percent. 
 
 
 1. A pure 14.85 g sample of the weak base ethylamine, C2H5NH2 , is dissolved in enough distilled water to make 

500. mL of solution.
 

(a) Calculate the molar concentration of the C2H5NH2 in the solution. 

  The aqueous ethylamine reacts with water according to the equation below. 

C2H5NH2(aq) + H2O(l)  Æ̈   C2H5NH3
+(aq) + OH-(aq) 

(b) Write the equilibrium-constant expression for the reaction between C2H5NH2(aq) and water. 

(c) Of C2H5NH2(aq) and C2H5NH3
+(aq) , which is present in the solution at the higher concentration at 

equilibrium? Justify your answer. 

(d) A different solution is made by mixing 500. mL of 0.500 M C2H5NH2 with 500. mL of 0.200 M HCl. 
Assume that volumes are additive. The pH of the resulting solution is found to be 10.93. 

 (i) Calculate the concentration of OH-(aq) in the solution. 

 (ii) Write the net-ionic equation that represents the reaction that occurs when the C2H5NH2 solution is 
mixed with the HCl solution. 

 (iii) Calculate the molar concentration of the C2H5NH3
+(aq) that is formed in the reaction. 

 (iv) Calculate the value of Kb for C2H5NH2. 
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S2O3
2-(aq)  H+

æææÆ   SO3
2-(aq) + S(s) 

 2. A student performed an experiment to investigate the decomposition of sodium thiosulfate, Na2S2O3, in acidic  
solution, as represented by the equation above. In each trial the student mixed a different concentration of  
sodium thiosulfate with hydrochloric acid at constant temperature and determined the rate of disappearance of 

S2O3
2−(aq). Data from five trials are given below in the table on the left and are plotted in the graph on the right. 

 

(a) Identify the independent variable in the experiment. 

(b) Determine the order of the reaction with respect to S2O3
2-. Justify your answer by using the information 

above. 

(c) Determine the value of the rate constant, k , for the reaction. Include units in your answer. Show how you 
arrived at your answer. 

(d) In another trial the student mixed 0.10 M Na2S2O3 with hydrochloric acid. Calculate the amount of time it 

would take for the concentration of S2O3
2- to drop to 0.020 M . 

(e) On the graph above, sketch the line that shows the results that would be expected if the student repeated the 
five trials at a temperature lower than that during the first set of trials. 
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2 H2O2(aq)  →  2 H2O(l) + O2(g) 

 3. The mass of an aqueous solution of H2O2 is 6.951 g. The H2O2 in the solution decomposes completely 
according to the reaction represented above. The O2(g) produced is collected in an inverted graduated tube  
over water at 23.4°C and has a volume of 182.4 mL when the water levels inside and outside of the tube are  
the same. The atmospheric pressure in the lab is 762.6 torr, and the equilibrium vapor pressure of water at 

23.4°C is 21.6 torr. 

(a) Calculate the partial pressure, in torr, of O2(g) in the gas-collection tube. 

(b) Calculate the number of moles of O2(g) produced in the reaction. 

(c) Calculate the mass, in grams, of H2O2 that decomposed. 

(d) Calculate the percent of H2O2 , by mass, in the original 6.951 g aqueous sample. 

(e) Write the oxidation number of the oxygen atoms in H2O2 and the oxidation number of the oxygen atoms in 

O2 in the appropriate cells in the table below. 

Substance Oxidation Number
of Oxygen Atoms 

H2O2
 

 

O2
 

 

(f) Write the balanced oxidation half-reaction for the reaction. 

 

 
 
 
 
 
 
 
 
 

S T O P  
If you finish before time is called, you may check your work on this part only. 

Do not turn to the other part of the test until you are told to do so. 



2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B) 
 
 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 

 -9- GO ON TO THE NEXT PAGE. 

CHEMISTRY 
Part B 

Time—40 minutes 
NO CALCULATORS MAY BE USED FOR PART B. 

 
 
Answer Question 4 below. The Section II score weighting for this question is 10 percent. 
 
 4. For each of the following three reactions, write a balanced equation in part (i) and answer the question in  

part (ii). In part (i), coefficients should be in terms of lowest whole numbers. Assume that solutions are aqueous 
unless otherwise indicated. Represent substances in solutions as ions if the substances are extensively ionized. 
Omit formulas for any ions or molecules that are unchanged by the reaction. You may use the empty space at the 
bottom of the next page for scratch work, but only equations that are written in the answer boxes provided will 
be graded. 

 

  

 
 

(a) A barium nitrate solution and a potassium fluoride solution are combined and a precipitate forms. 

(i) Balanced equation: 

 
 (ii) If equimolar amounts of barium nitrate and potassium fluoride are combined, which reactant, if any,  

is the limiting reactant? Explain. 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

 
 



2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B) 
 
 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 

 -10- GO ON TO THE NEXT PAGE. 

(b) A piece of cadmium metal is oxidized by adding it to a solution of copper(II) chloride. 

(i) Balanced equation:   

 
 (ii) List two visible changes that would occur in the reaction container as the reaction is proceeding. 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

 
(c) A hydrolysis reaction occurs when solid sodium sulfide is added to distilled water. 

(i) Balanced equation:   

 
 (ii) Indicate whether the pH of the resulting solution is less than 7, equal to 7, or greater than 7. Explain. 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 
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Answer Question 5 and Question 6. The Section II score weighting for these questions is 15 percent each. 
 
Your responses to these questions will be graded on the basis of the accuracy and relevance of the information cited. 
Explanations should be clear and well organized. Examples and equations may be included in your responses where 
appropriate. Specific answers are preferable to broad, diffuse responses.   
 
 5. Answer the following questions about nitrogen, hydrogen, and ammonia. 

(a) In the boxes below, draw the complete Lewis electron-dot diagrams for N2 and NH3 . 

 

(b) Calculate the standard free-energy change, ΔG°, that occurs when 12.0 g of H2(g) reacts with excess 
N2(g) at 298 K according to the reaction represented below. 

      N2(g) + 3 H2(g)  Æ̈   2 NH3(g) 298GD  =  -34 kJ mol-1 

(c) Given that 298HΔ  for the reaction is −92.2 kJ mol-1, which is larger, the total bond dissociation energy 

of the reactants or the total bond dissociation energy of the products? Explain. 

(d) The value of the standard entropy change, 298SΔ , for the reaction is −199 J mol-1K-1. Explain why the 

value of 298SΔ  is negative. 

(e) Assume that ΔH° and ΔS° for the reaction are independent of temperature. 

 (i) Explain why there is a temperature above 298 K at which the algebraic sign of the value of ΔG° 

changes. 

 (ii) Theoretically, the best yields of ammonia should be achieved at low temperatures and high pressures. 
Explain. 
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 6. Answer the following questions about electrochemical cells.
 

 

  It is observed that when silver metal is placed in aqueous thallium(I) fluoride, TlF, no reaction occurs. When the 
switch is closed in the cell represented above, the voltage reading is +1.14 V. 

(a) Write the reduction half-reaction that occurs in the cell. 

(b) Write the equation for the overall reaction that occurs in the cell. 

(c) Identify the anode in the cell. Justify your answer. 

(d) On the diagram above, use an arrow to clearly indicate the direction of electron flow as the cell operates. 

(e) Calculate the value of the standard reduction potential for the Tl+/Tl half-reaction. 

  
The standard reduction potential, E° , of the reaction Pt2+ + 2 e−  →  Pt is 1.20 V.  

(f) Assume that electrodes of pure Pt , Ag, and Ni are available as well as 1.00 M solutions of their salts. 
Three different electrochemical cells can be constructed using these materials. Identify the two metals that 
when used to make an electrochemical cell would produce the cell with the largest voltage. Explain how you 
arrived at your answer. 

(g) Predict whether Pt metal will react when it is placed in 1.00 M AgNO3(aq). Justify your answer. 

 

 
 
 

STOP 
 

END OF EXAM 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


