CH1011 QUIZZES  -  SEMESTER 1 2002

Wk 1
3  

Introduction, Atoms, mols, solids, Periodic Table, Naming main 

group inorganic compounds, Reaction stoichiometry.  Moles, MW, Limiting Reagants.

Module 1  CW Complete:  1.1 – 1.6, 11.1


Quiz 1
1.4
Question
Classify each of the following as a pure substance or a mixture, if a mixture, indicate whether it is homogeneous or heterogeneous:  (a) air; (b) tomato juice; (c) iodine crystals; (d) a nickel.

1.4
Answer

(a)  homogeneous mixture  (b) heterogeneous mixture (particles in liquid)  

(c) pure substance  (d) mixture, probably heterogeneous (hetero or homo cannot be unambiguously determined from visual inspection.

1.10
Question

Name each of the following elements:  (a) Ba;  (b) Cf;  (c) Mo;  (d) Se;  (e) Tl;  (f) V;  (g) Au;  (h) Zr.

1.10 Answer

(a) barium
(b) californium
(c) molybdenum
(d) selenium


(e) thallium
(f) vanadium

(g) gold

(h) zirconium.

1.20 Question
Convert (a) 2.52 x 103 kg to g; (b) 0.0023 mm to nm, (c) 6.25 x 10 –4 s to ms.

1.20 Answer
(a)  2.52 x 103 kg x 1 x 103g   = 2.52 x 106g



  1 kg

(b)  0.0023  mm x  1 x 10-3m_  x   __1 nm__  =  2.3 x 103 nm   



1 mm
          1 x 10-9 m

(c)  6.25 x 10-4 s x   _1 ms__
=  0.625 ms



         1 x 10-3 s

1.36
Question

Round each of the following numbers to three significant figures, and express the result in standard exponential notation:  (a) 143700;  (b) 0.09750;  (c) 890,000;  (d) 6.764 x 104;  

(e) 33,987.22;  (f) –6.5559.

1.36
Answer  

(a) 1.44 x 105

(b) 9.75 x 10-2

(c) 8.90 x 105
(d) 6.76 x 104

(e) 3.40 x 104

(f) –6.56
 

2.14 Question
Each of the following nuclides is used in medicine.  Indicate the number of protons and neutrons in each nuclide:  (a) phosphorus –32;  (b) chromium –51;  (c) cobalt –60;  (d) technetium-99;  

(e) iodine-131;  (f) thallium-201.

2.14 Answer
(a) 32P has 15 p, 17 n

(b) 51Cr has 24 p, 27 n

(c) 60Co has 27 p, 33 n

(d) 99Tc has 43 p, 56 n

(e) 131I has 53 p, 78 n

(f) 201Tl has 81 p, 120 n

2.20 Question
Locate each of the following elements in the periodic table;  indicate whether it is a metal, metalloid, or non-metal;  and give the name of the element:  

(a) Li;  (b) Sc;  (c) Ge;   (d) Yb;   (e) Mn;   (f) Au;  (g) Te.

2.20 Answer
(a)  lithium (metal)

(b) scandium (metal)

(c) germanium (metalloid)

(d)  ytterbium (metal)

(e) manganese (metal)

(f) gold (metal)


(g) tellurium (metalloid)

2.26 Question
How many of the indicated atoms are represented by each chemical formula:  

(a) carbon atoms in C2H5COOCH3;  (B) oxygen atoms in Ca(ClO3)2;  (c) hydrogen atoms in (NH4)2HOP4?

2.26 Answer
(a)  4

(b)  6

(c)  9

2.38 Question
Which of the following are ionic, and which are molecular:

(a) Sc2O3;  (b) NaI;  (c) SCl2;  (d) Ca(NO3)2;  (e) FECl3;  (f)  LaP;  (g) CoCO3;  

(h) (NH4)2SO4
2.38 Answer
Molecular (all elements are nonmetals);  (c) SCl2 

Ionic (formed from ions, usually contains a metal cation);  

(a) Sc2O3;  (b) NaI;  (c) Ca(NO3)2;  (d) FECl3;  (f)  LaP;  (g) CoCO3;  (h) (NH4)2SO4

Module 2  CW  Complete:   2.3-2.7, 3.1, 3.3-3.4, 3.6-3.7 

Quiz 2

2.42 Question

Name the following ionic compounds:  (a) Ag2S;  (b) Ba3(PO4)2; (c)Mg(ClO3)2; 

(d) SrSO3;  (e) CoBr2;  (f) SnI2;  (g) Cr(NO3)3;  (h) ZnHPO4;  (i) AgClO4;  (j) (NH4)2Cr2O7.

2.42 Answer
(a) silver sulfide
(b) barium phosphate


(c) magnesium chlorate


(d) strontium sulfite
(e) cobalt(ll) bromide (cobaltous bromide)  

(f) tin(ll) iodide (stannous iodide)
(g) chromium(lll) nitrate (chromic nitrate)


(h) zinc hydrogen phosphate

(i) silver perchlorate  (j) ammonium dichromate



2.44
Question
Give the chemical formula for each of the following ionic compounds:  (a) magnesium nitride;  (b) iron (II) sulfite;  (c) chromium(III) carbonate;  (d) calcium hydride;  (e) magnesium bicarbonate;  (f) potassium hypochlorite;;  (g) copper(II)acetate.


2.44
Answer

(a) Mg3N2 
(b) FeSO3
(c) Cr2(CO3)3

(d) CaH2
(e) Mg(HCO3)2
(f) KClO
(g) Cu(C2H3O)2.

2.46 Question
Provide the name or chemical formula, as appropriate, for each of the following acids:  (a) hydrobromic acid;  (b) sulfurous acid;  (c) nitrous acid;  (d) H2CO3;  

(e) HClO3;  (f) HC2H3O2.

2.46
Answer
(a) HBr
(b) H2SO3
(c) HNO2
(d) carbonic acid
(e) chloric acid

(f) acetic acid


2.48
Question
The oxides of nitrogen are very important ingredients in determining urban air pollution.  Name each of the following compounds:  (a) N2O;  (b) NO;  (c) NO2; 

(d) N2O5;  (e) N2O4.  


2.48
Answer

(a) dinitrogen monoxide
(b) nitrogen monoxide

(c) nitrogen dioxide

(d) dinitrogen pentoxide
(e) dinitrogen tetroxide



3.6
Question
Balance the following equations:

(a) KNO3(s) 
Cr KNO2 (s) + O2(g) 

(b) La2O3(s) + H2O(l)
     La(OH)3(aq)
(c) NCl3(aq) + H2O(l)
     (NH)3(aq) + HOCl(aq)
(d) Mg3N2(s) + HCl(aq)
     MgCl2(aq + NH4Cl(aq)
(e) AgNO3(aq) + K2SO4(aq) 





Ag2SO4(s) + KNO3(aq)
(f) Al(OH)3(s) + H2SO4(aq) 





       Al2(SO4)3(aq) +  H2O(l)
(g) CH3NH2(g) + O2(g) 
 

CO2(g) + H2O(g)+ N2(g)

3.6 Answer

(a) 2KNO3(s) (  2KNO2(s) + O2(g)

(b) La2O3(s) + 3H2O(l) ( 2La(OH)3(aq)

(c) NCl3(aq) + 3H2O(l) ( NH3(aq) + 3HOCl(aq)

(d) Mg3N2(s) + 8HCl(aq) ( 3MgCl2(aq) + 2NH4Cl(aq)

(e) 2AgNO3(aq) + K2SO4(aq) ( Ag2SO4(s) + 2KNO3(aq)
(f)  2Al(OH)3(s) + 3H2SO4(aq) (Al2(SO4)3(aq) + 6H2O(l)
(g) 4CH 3NH2(g) + 902(g) ( 4CO2(g) + 10H2O(g) + 2 N2(g)

3.20 Question

Determine the formula weights of each of the following compounds:  (a) nitrous oxide, N2O, known as laughing gas and used as an anaesthetic in dentistry;  (b) benzoic acid, C7H6O2, a substance used as a food preservative; (c) Mg(OH)2, the active ingredient in milk of magnesia;  (d) urea, (NH2)2CO, a compound used as a nitrogen fertilizer;  (e) isopentyl acetate, CH3CO2C5Hll, responsible for the odour of bananas.

3.20 Answer
Formula weight in amu to 1 decimal place.

(a) N2O:  FW = 2(14.0) + 1(16.0) = 44.0 amu

(b) C7H6O2:  7(12.0) + 6(1.0) + 2(16.0) = 122.0 amu

(c) Mg(OH)2:  1(24.3) + 2(16.0) + 2(1.0) = 58.3 amu

(d) (NH2)2CO:  2(14.0) + 4(1.0) + 1(12.0) + 1(16.0) = 60.0 amu

(e) CH3CO2C5Hll:  7(12.0) + 14(1.0) + 2(16.0) = 130.0 amu

3.30 Question
(a) What is the mass, in grams, of a mole of 12C?  (b) How many carbon atoms are present in a mole of 12C?  (c) What is the mass, in grams, of a single 12C atom?

3.30 Answer
(a) exactly 12 g  (b) 6.0221421 x 1023, Avogadro’s number

(c)  12g12C      x    ___1 mol 12C___            =  1.9926464 x 10-23 g/12C atom

1 mol 12C       6.0221421 x 1023 atoms

3.34 Question
The molecular formula of allicin, the compound responsible for the characteristic smell of garlic, is C6H10OS2.  (a) What is the molar mass of allicin?  (b) How many moles of allicin are present in 5.00 mg of this substance?  (c) How many molecules of allicin are in 5.00 mg  of this substance?  (d) How many S atoms are present in 5.00 mg of allicin?

3.34 Answer
(a) molar mass = 6(12.01) + 10(1.008) + 1(16.00) + 2(32.07) = 162.28 = 162.3g

(b)  5.00 mg allicin x 1 x 10-3g  x   1 mol   =  3.081 x 10-5 = 3.08 x 10-5 mol allicin




   1 mg         162.3g

(c)  3.081 x 10-5 mol allicin  x  6.022 x 1023 molecules  =  1.855 x 1019 






mol


=  1.86 x 1019 allicin molecules

(d)  1.855 x 1019 allicin molecules x   __2 S atoms__   
=   3.71 x 1019 S atoms


             


   1 allicin molecule

3.60 Question
Hydrofluoric acid, HF(aq), cannot be stored in glass bottles because compounds called silicates in the glass are attacked by the HF(aq).  For example, sodium silicate, Na2SiO3, reacts in the following way:


Na2SiO3(aq) + 8HF(aq) 






H2SiF(aq) + 2NaF(aq)  +  3H2O(l)
(a) How many moles of HF are required to dissolve 0.50 mol of Na2SiO3?  (b) How many grams of NaF form when 0.300 mol of HF reacts in this way?  (c) How many grams of Na2SiO3 can be dissolved by 0.300 g of HF?

3.60 Answer
Na2SiO3 + 8HF(aq) ( H2SIF6(aq) + 2NaF(aq) + 3H2O(l)

(a)  0.50 mol Na2SiO3 x  ​​     8 mol HF__  =  4.0 mol HF




      1 mol Na2SiO3

(b) 0.300 mol HF x  2 mol NaF  x     41.99gNaF  =  3.15 g NaF




8 mol HF          1 mol NaF

(c) 0.300 g HF x 1 mol HF       x   1 mol Na2SiO3  x 122.1 g Na2SiO3  =  0.229 g Na2SiO3



     20.01 g HF            8 mol HF           1 mol Na2SiO3  
3.74 Question
One of the steps in the commercial process for converting ammonia to nitric acid involves the conversion of NH3 to NO:


4NH3 (g) + 502(g) ( 4NO(g) + 6H20(g)


In a certain experiment 2.50 g of NH3 reacts with 2.85 g of 02.  (a) Which reactant is the limiting reactant?  (b) How many grams of NO form?  (c) How much of the excess reactant remains after the limiting reactant is completely consumed?

3.74
 Answer


4NH3(g) + 502(g) ( 4NO(g) + 6H2O(g) 

(a) Follow the approach in Sample Exercise 3.17


2.50 g NH3 x  1 mol NH3  =  0.1468  =  0.147 mol NH3


      17.03 g NH3


2.85 g O2  x   1 mol O2    =  0.08906  =  0.0891 mol O2

  

32.000 g O2


0.08906 mol O2 x  4 mol NH3 = 0.07125 = 0.0713 mol NH3 required




       5 mol O2


Therefore, O2 is the limiting reactant.

(b)
0.08906 mol O2  x  4 mol NO    x  30.01 g NO  =  2.14 g NO produced




       5 mol O2
1 mol NO

(c)
0.1468 mol NH3  -  0.07125 mol NH3 reacted  =  0.0756  =  0.076 mol NH3 remain


0.0756 mol NH3  x 17.03 g NH3  =  1.29 g NH3 remain

                                            1 mol NH3
Wk 2
3
Solution stoichiometry.  Atoms/ions, Atomic structure – Bohr’s model.  Bonds – Ionic, covalent, metallic, Molecular shapes, VSEPR model.

Module 3 – CW  Complete:  4.1, 4.3, 4.5-4.6, 17.3, 7.1-7.5, 13.4

Quiz 3 

4.52 Question

(a)  Calculate the molarity of a solution made by dissolving 0.0715 mol Na2SO4 in enough 
water to form 650 mL of solution.  (b) How many moles of KmnO4 are present in 75.0 mL of a 0.0850 M solution?  (c) How many millilitres of 11.6 M HCl solution are needed to obtain 0.105 mol of HCl?

4.52 Answer



(a)  M = mol solute;  0.0715 mol Na2SO4  =  0.110 M Na2 SO4

                  L solution              0.650 L        

(b) mol = M x L;  0.0850 mol KMnO4  = 0.0750 L = 6.38 x 10-3 mol KMnO4
                                            l L

(c) L = mol;  0.105 mol HCl = 9.05 x 10-3 L or 9.05 mL

                M   11.6 mol HC1/L

4.54
Question

(a) How many grams of solute are present in 50.0 ml of 1.33 M CoSO4?  (b) If 1.50 g of (NH4)2 SO4 is dissolved in enough water to form 250 ml of solution, what is the molarity of the solution?  (c) How many  millilitres of 0.510 M NiCl2 contain 1.00 g of solute?


4.54
Answer
M = mol ;  mol = g  (M is the symbol for molar mas in this manual)

          L                M

(a)
1.33 mol CoSO4   x 50.0 mL x       1L        x   1.55.Og CoSO4   =  10.3 g CoSO4 
 

1L                                  1000mL         1 mol CoSO4
(b)
1.50 g (NH 4)2SO4 x _1 mol NH4)2SO4__  x       ___1__           x 1000 mL 





132.2 g (NH4)2SO4         250 mL                 1L

(c)
1.00 g NiCl2  x 1 mol NiCl2    x             1L_____   x 1000 mL        =  15.1 mL solution


           129.6 g NiCl2                   0.510 mol NiCl2         1L

4.60
Question
(a)  How many millilitres of a stock solution of  120M HNO3 would you have to use to prepare 0.500 L of 0.200 M HNO3?  (b) If you dilute 20.0 mL of the stock solution to a final volume of 1.00 L, what will be the concentration of the diluted solution?  

4.60
Answer
(a)  V1 = M2V2lM1;   0.200 M NH03 x 500 mL  =8.33 mL conc HNO3




 12.0 M HNO3
(b)  M2  = M1V2lV2;   12.0 M HN03 x 10.0 mL  =  0.240 M HNO3





1000 mL

4.74 Question
A solution is made by mixing 12.0g of NaOH and 125 mL of 0.200 M HN03.    (a) Write a balanced equation for the reaction that occurs between the solutes.  (b) Calculate the concentration of each ion remaining in solution.  (c) Is the resultant solution acidic or basic?

4.74
Answer
(a)  HNO3(aq) + NaOH(s) ( NaN0(aq) + H20(l)


(b)  Determine the limiting reactant, then the identity and concentration of ions remaining in solution.  Assume that the H2O(l) produced by the reaction does not increase the total solution volume.

12.0 g NaOH x 1 mol NaOH  =  0.300 mol NaOH

           

 40.00 g NaOH

0.200 M HNO3 x 0.125 L HNO3 = O.0250 mol HNO3.

The mol ratio is 1:1 so HNO3 is the limiting reactant.  No excess H+ remains in solution.  The remaining ions are:  OH- (excess reactant), Na+ and NO3 (spectators).

OH
0.300 mol OH- initial – 0.0250 mol OH- react = 0.275 mol OH- remain


0.275 mol OH- / 0.125 L soln = 2.20 M OH- (aq)

Na+
0.300 mol Na+  / 0125 L soln = 2.40 M Na+ (aq)

NO3-
0.0250 mol NO3- / 0.125 L = 0.200 M NO3- (aq)

(c) The resulting solution is basic because of the large excess of OH- (aq).

7.14 Question
(a)  Notice that among the non-metallic elements, the change in atomic radius in moving

one place left or right in a row is smaller than the change in moving one row up or down.  Explain these observations.  (b) Arrange the following atoms in order of increasing atomic radius:  A1, Nb, Se, F, Mn.

7.14
Answer
(a) The vertical difference in radius is due to a change in principle quantum number of the outer electrons.  The horizontal difference in radius is due to the change in electrostatic attraction between the outer electron and a nucleus with one more or one fewer proton.  Adding or subtracting a proton has a much smaller radius effect than moving from one principle quantum level to the next.

(b) Based on the values in Figure 7.5, F < Se < Al < Mn < Nb.  This order can be predicted by the trends of increasing atomic radius moving down a column and to the left in a row of the periodic table, except for the relationship between Se and Al.  Although Se is one row below Al, it is three places to the right, enough increase in electrostatic attraction to overcome the increase in n value.

7.24 Question
For each of the following pairs, indicate which element has the larger first ionization energy:  (a) K, Ca;  (b) Si, C;  (c) Mn, Br;  (d) Sn, Xe.  In each case provide an explanation in terms of electron configuration and effective nuclear charge.

7.24
Answer
(a) Ca.  As the effective nuclear charge increases in moving from left to right in the fourth row, the energy required to remove an electron increases.

(b) C.  Valence electrons in C are closer to the nucleus (n = 2) and are shielded only by the [He} core, so they experience greater attraction for the nucleus and have a higher ionisation energy.

(c) Br.  Mn and Br compare as two elements in the same row, with the effects of increasing effective nuclear charge dominating their periodic properties.

(d) Xe.  Sn and Xe are in the same row, so Xe with the larger Z experiences a greater effective nuclear charge and a larger ionisation energy.

7.33 Question
For each of the following pairs, which element will have the greater metallic character:  (a) Li or Be;  (b) Li or Na;  (c) Sn or P;  (d) A1 or B?

7.33
Answer
Metallic character increases moving down a family and to the left in a period.

(a)  Li

(b)  Na

(c)  Sn
(d)  Al


7.35
Question

Predict whether each of the following oxides is ionic or molecular:  SO2, MgO, Li2O, P2O5, Y2O3, N2O, XeO3.  Explain the reasons for your choices.

7.35
Answer
Ionic:  MgO, Li2O, Y2O3;  molecular:  :  SO2,  P2O5, N2O, XeO3.  

Ionic compounds are formed by combining a metal and a nonmetal;  molecular compounds are formed by two or more nonmetals.

Module 4  CW  Chapter:  Complete 8.1-8.8, 9.1-9.2, 11.7-11.8

Quiz 4 
8.8 Question
Which ionic compound is expected to form from combination of the following pairs of elements:  (a) barium and oxygen;  (b) magnesium and iodine;  (c) lithium and oxygen;  

(d) bromine and scandium?

8.8
Answer

(a)  BaO
(b)  Mgl2
(c)  Li2O
(d)  ScBr3
8.28 Question

For each of the following sets of atoms and ions, arrange the members in order of increasing size:  (a) Se2-,  Te2-,  Se;  (b) Co3+, Fe2+,  Fe3+;  (c) Ca, Ti4+, Sc3+;  (d) Be2+,  Na+, Ne. 

8.28
Answer
(a) Se < Se2- <  Te2-;  (b) Co3+ < Fe3+ < Fe2+;   (c) Ti4+ < Sc3+  <Ca;  (d) Be2+ < Na+ < Ne

8.40 Question
Arrange the bonds in each of the following sets in order of increasing polarity:  

(a) C__F, O__F, Be__F;  (b) N__Br, P__Br, O__Br;  9c) C__S, B__F, N__O


8.40
Answer

The more different the electronegativity values of the two elements, the more polar the bond.

(a) O__F < C__F <  Be__F.  
This order is clear from the periodic trend.

(b)  Br__N < P__Br < Br__O.
Refer to the electronegativity values in Figure 8.7 to confirm the order of bond polarity.  The electronegativity order of the four elements is P < Br < N < O.  

Br is significantly to the right and below the other three elements, but these directions have conflicting trends. Even though Br and N are farthest apart, their electronegativity values are nearly equal.  The Br-N bond s least polar, with Br the less electronegative element.

(c)  C__S < N__O < B__F.
You might predict that N__O is least polar since the elements are adjacent on the table.  However, the big decrease going from the second row to the third means that the electronegativity of S is not only less than that of O, but essentially the same as that of C.  C__ S is the least polar.

9.14 Question
Give the electron-domain and molecular geometries for the following molecules and ions:  (a) H3O+;  (b) KrF2;  (c) CO32-;  (d) SF6;  (e) CLO3-;  (f) TeF4.

9.14    Answer

bent (b), linear (l), octahedral (oh), seesaw (ss), square pyramidal (s0) tetrahedral (td), 

trigonal bipyramidal (tbp), trigonal planar (tr), trigonal pyramidal (tp), T-shaped (T)

NOTE:  I have left the borders in the table below as it will be easier if you need to extend it.

	
	Molecule

or iron
	Valence

electrons
	Lewis structure
	
	Electron-domain geometry
	Molecular geometry

	
	
	
	
	
	
	

	(a)
	H3O+


	8
	Symbols
	Symbols
	td
	tp

	(b)
	KrF2


	22
	Symbols
	Symbols
	tbp
	l

	(c)
	CO32-


	24
	“
	“
	tr
	tr

	(d)
	SF6


	48
	“
	“
	oh
	oh

	(e)
	ClO3-


	26
	“
	“
	td
	tp

	(f)
	TeF4


	34
	“
	“
	tbp
	ss


9.20 Question
Give approximate values for the indicated bond angles in the following molecules:



DIAGRAM HERE

9.20
Answer
(a)  1 – 109o,  2 -120o,

(b)  3 – 109o,  4 – 120o
(c)  5 – 109o,  6 – 109o
(d)  7 – 180o,   8 – 109o
9.24 Question

Predict whether the following molecules be polar or nonpolar:  (a) SiCl4;  (b) IF;  (c) SO2;  

(d) PCl3;  (e) SF6;  (f) IF5

9.24
Answer





DIAGRAMS

(a)
Nonpolar, symmetrical


(b)  Polar, ∆EN>0

tetrahedron









I-F

(c)
Polar, bent molecular



(d)  Polar,  although the bond dipoles are

geometry


       essentially zero, there is an unequal




       charge distribution due to the non-




       bonded electron pair on P.

(e)
Nonpolar, symmetrical


(f)  Polar, square pyramidal molecular


octahedron




      geometry, bond dipoles do not cancel

11.76 Question

For each of the following compounds, predict which will have the higher melting point and indicate why:  (a) NaF, MgF2;  (b) HF, HC1;  (c) C (graphite), CO;  (d) Kr,Ar.

11.76
Answer
(a)  
MgF2 – due to higher charge on Mg2+ than Na+.

(b)  
HF -  it has hydrogen bonding and HC1 does not.

(d)
C(graphite) – covalent-network versus weak dispersion forces.
(e)
Kr – greater atomic weight, stronger dispersion forces.

Week 3 
3
Hydrogen bonding + examples.  Organic molecules functional 

groups, nomenclature.

Module 5  CW  Complete:  11.1-11.3, 25.1 – 25.7

Quiz 5 

11.16 Question
Propyl alcohol (CH3CH2CH2OH) and isopropyl alcohol [(CH3)2CHOH], whose space-filling models are shown in figure 11.47, have boiling points of 97.2oC and 82.5oC respectively.  Why is the boiling point of n-propyl alcohol higher, even though both have the molecular formula of C3H8O?




DIAGRAM HERE

11.16
Answer
Both molecules experience hydrogen bonding through their –OH groups and dispersion forces between their hydrocarbon portions.  The position of the –OH group in isopropyl alcohol shields it somewhat from approach by other molecules and slightly decreases the extent of hydrogen bonding.  Also, isopropyl alcohol is less rod-like (it has a shorter chain) than propyl alcohol, so dispersion forces are weaker.  Since hydrogen bonding and dispersion forces are weaker in isopropyl alcohol, it has the lower boiling point.

11.17 Question
Which of the following molecules can form hydrogen bonds with other molecules of the same kind?  Ch3F,CH3NH2,CH3OH,CH3Br.

11.17
Answer
Molecules with N-H, O-H and F-H bonds form hydrogen bonds with like molecules.  CH3N22 and CH3OH have N-H and O-H bonds, respectively.  (CH3F has C-F and C-H bonds, but no 

H-F bonds).

25.8 Question
Which of the following structures represent the same substance?  (See the hint in exercise 25.7)




DIAGRAM HERE

25.8
Answer



(a)  3-ethylpentane

(b) 2,3-dimethylpentane

(c)  3,3-dimethylpentan
(d)  2,3-dimethylpentane

(b) and (d) are the same substance.

25.11 Question
What are the IUPAC names of the following alkanes?

(a) DIAGRAM HERE

25.11
Answer
(a)  2,3 dimethylhexane
(b)  4-ethyl-2,4-dimethylnonane

(c)  3,3,5-trimethylheptane
(d)  3,4,4-trimethylheptane

25.32 Question
Identify the functional groups in each of the following compounds:

(a) DIAGRAM HERE

25.32
Answer
(a) DIAGRAM HERE

Week 4
3
Carbohydrates (monosacc, proj, disacch, polysacc).  Proteins 

(1o2,o,3o).  Soaps Ideal gas law, diffusion gases, liquids, diffusion ?? mean free path, molecular size, Hick’s law diffusion.

Module 6  CW  Complete:  25.9-25.10, 10.1-10.6

Quiz 6 

10.8 Question
Perform the following conversion:  (a)  0.865 atm to torr;  (b) 547 torr to kilopascals;  

(c) 755 mm Hg to atmospheres;  (d) 96,300 Pa to atmospheres;  (e)  0.897 atm to bars.

10.8
Answer
(a) 0.865 atm x 760 torr = 657 torr

         1 atm

(b) 547 torr x 101.325kPa  =  72.9 kPa

                    760 torr

(c) 755 mm Hg x ___1 atm__ = 0.993 atm

                            760 mm Hg

(d)  96.300 Pa x ​​​​​​​​​ __ 1 atm     __     = 0.950 atm (assuming 3 sig figs)



    1.01325 x 105Pa

(e)  0.897 atm x 1.01325 x 105Pa   x  __1 bar__   =  0.909 bar

                                    1 atm              1 x 105 Pa

10.18 Question
A sample of gas occupies a volume of  7.50 L at 0.988 atm and 28.oC.  (a) Calculate the pressure of the gas if its volume is decreased to 4.89 L while its temperature is held constant.  (b) At what temperature in degrees Celsius is the volume of the gas 4.00 L if the pressure is kept constant.

10.18
Answer
(a) 
 P1V1  =  P2V2;  P1 = 0.988 atm, V1 = 7.50 L, V2 = 4.89 L

 P2 = P1V1  =  0.988 atm x 7.50 L  =  1.52 atm

          V2                 4.89 L


(b)
V1/T1  =  V2/T2;  V1 = 7.50 L, V2 = 4.00 L T1  =  28.oC + 273.15 = 301.15 K

T2 = V2T1  =  4.00 L x 301.15 K  =  160.61 K = -113oC

          V1                      7.50 L


10.24
Question

For an ideal gas, calculate the following quantities:  (a) the pressure of the gas if  0.105 mol occupies 217 ml at 15oC.  (b) the temperature (in kelvins) at which 0.0270 mol occupies 2.00 L at 0.583 atm;  (c) the number of moles in 1.50 L at –7oC and 725 torr;  (d) the volume occupied by 6.72 x 10-3 mol at 45oC and a pressure of 1.57 kPa.

10.24
Answer
(a)  
n = 0.105 mol, V – 217 mL = 0.217L, T = 15oC = 288 K

P = nRT = 0.105 mol x 0.08206 L ˙atm  x  288 K  =  11.4 atm

         V                                K ˙atm              0.217 L


(b)
n = 0.270 mol, V = 2.00 L, P = 0.583 atm

T = PV  =  0.583 atm x 2.00 L  x    __ K˙mol    _     = 526 K

       nR         0.0270 mol                 0.08206 L˙atm


(c)
V = 1.50 L, T = -7oC = 266 K, P = 725 torr x 1  atm = 0.9539 = 0.954 atm

                                                                        760 torr

n = PV  = 0.9539 atm  x  K ˙ mol   x          1.50L  =  6.56  x  10-2 mol

      RT


   0.08206 L˙atm      266K


(d)
n = 6.72 x 10-3mol, T = 45oC = 318 K

P = 1.57 kPa x       1 atm          = 0.01549  =  0.0155 atm

                          101.325kPa

V = nRT = 6.72 x 10-3 mol  x  0.08206 L ˙atm  x      ​318 K        = 11.3 L

          P


K ˙mol
           0.01549 atm


10.32 
Question

Many gases are shipped in high-pressure containers.  Consider a steel tank whose volume is 42.0L and which contains 02 gas at a pressure of 16.500 kPa at 23oC.  (a) What mass of O2 does the tank contain?  (b)  What volume would the gas occupy at STP?  (c) At what temperature would the pressure in the tank equal 150 atm:  (d) What would be the pressure of the gas in kPa, if it were cooled to –15oC and placed in a container whose volume is 55.0L?


10.32
Answer


(a)
g = MPV;  V = 420 L, T = 23oC = 296 K, P = 16,500 kPa x 1 atm  =  162.84

       RT                                   



         101.325










=  163 atm

g = 32.0g02     x     K ˙mol        x     162.84 atm  x  42.0L  
=  9.01 x 103gO2 

      1 mol 02        0.08206 L˙atm            296 K









=  9.01 kg O2

(b)
V2 = P1V1T2  =  16,500kPa x 42.0L x 273 K    
=  6.31 x 103L


          T1P2                      296 K x 101.325 kPa

(c)
T2 = P2T1  x  150 atm x 296 K  x  101.325 kPa      
=  273 K

                      P1           16,500kPa                  1 atm

(d)
P2  =  P1V1T2  =  16,500kPa x 42.0L x 258K   
=  10,982 = 1.10 x 104kPa



V2T1

55.0 L x 296 K

10.50 Question
A mixture containing 2.50g each of CH4(g), C4H10(g) and C4H10(g) is contained in a 1.50-L flask at a temperature of 15oC.  (a) Calculate the partial pressure of each of the gases in the mixture.  (b) Calculate the total pressure of the mixture.

10.50
Answer
(a)
2.50 g CH4  x  1 mol CH4  = 0.1559 = 0.156 mol CH4

          
         16.04 g CH4

PCH4 =  nRT  =  0.1559 mol x 0.08206 L ˙atm  x  288K  =  2.46 atm



  V


   K ˙mol
        1.50 L


2.50 g C2H4  x  1 mol C2H4    =  0.08913  =  0.0891  mol C2H4




28.05 g C2H4
PC2H4  =  nRT  =  0.08913 mol C2H4   x  0.08206 L ˙atm   x   288K  =  0.40 atm

                 V                                                  K˙mol 
    1.50L

2.50 g C4H10  x   _1 mol C4H10_   =  0.04301  =  0.0430 mol C4H10  



   58.12 g C4H10  

PC4H10  = nRT  =  0.4301 mol  x  0.08206 L˙atm  x   288 K  =  0.678 atm


    V


       K ˙mol

1.50 L


(b)
Pt = 2.46 atm + 1.40 atm + 0.678 atm = 4.54 atm


10.54
Question

(a)  What are the mole fractions of each component in a mixture of 5.00 g of O2,7.50 g of N2, and 1.00 g  of H2?  (b)  What is the partial pressure in atm of each component of this mixture if it is held in a 10.0-L vessel at 15oC?


10.54
Answer

(a)
no2  = 5.00 g O2  x  1 mol  = 0.156 mol;  nN2 = 7.50 g N2  x   1 mol_  = 0.268 mol




      32.00 g             



28.02 g


nH2  =  1.00 g H2 x  _1 mol   =  0.496 mol;  nt = 0.156 + 0.268 + 0.496  =  0.920 mol




        2.016 g


XO2  =  no2  =  0.156  =  0.170;   XN2  =  nN2   =  0.268  =  0.291


 nt      0.920                                nt        0.920

XH2 =   0.496  =  0.539

0.920


(b)
PO2  =  n  x  RT ;  PO2  = 0.156 mol  x  0.08206 L˙atm  x  288 K  =  0.369 atm


         V



     K˙mol
          10.0 L 

PN2  =  0.268 mol  x  0.08206 L˙atm  x   288 K  =  0.633 atm




  K˙mol
       10.0L

PH2 =  0.496 mol  x  0.08206 L˙atm  x   288 K  =  1.17 atm




  K˙mol   
      10.0 L


10.66
Question

A gas of unknown molecular mass was allowed to effuse through a small opening under constant pressure conditions.  It required 72 s for 1.0 L of the gas to effuse.  Under identical experimental conditions it required 28 s for 1.0 L of O2 gas to effuse.  Calculate the molar mass of the unknown gas.  (Remember that the faster the rate of effusion, the shorter the time required for effusion of 1.0L;  that is, rate and time are inversely proportional.)


10.66
Answer


The time required is proportional to the reciprocal of the effusion rate.

rate(X)   =  28 s  =  [ 32 g O2 ]1/2;  Mx  =  32 g O2  x [ 72  ]2  =  210 g/mol (two sig figs)

rate (O2)     72 s      [     Mx      ]                                  [ 28  ]



Week 5
3
Real gases, Intermolecular forces, colligative properties, 

f.p depression, osmometer Paatm >Patm  water potential antifreeze.


Module 7  CW  Complete:  10.7-10.9, 11.2, 13.5 
Quiz 7 


11.8
Question


Consider the following substances:  Ar, CHCl3, NH3. Which has (a) the largest London dispersion forces;  (b) the largest hydrogen bonding forces;  (c) no dipole-dipole forces?


11.8
Answer

(a)
CHCl3 has the greatest molecular weight, so it has the largest London-dispersion forces.


(b)
NH3 has the largest hydrogen bonding forces, because it has N-H bonds.


(c)
Ar, a monoatomic noble gas, has no dipole-dipole forces.  (CHCl3 and NH3 are both 

polar covalent molecules, so they each experience some dipole-dipole forces.)



11.17
Question

Which of the following molecules can form hydrogen bonds with other molecules of the same kind?  CH3F, CH3NH2, CH3OH, CH3Br.


11.17
Answer

Molecules with N-H, O-H and F-H bonds form hydrogen bonds with like molecules.  CH3NH2 and CH3OH have N-H and O-H bonds, respectively.  (CH3F has C-F and C-H bonds but no 
H-F bonds.)


11.26
Question

Explain the following observations:  (a) The viscosity of ethanol, CH3CH2OH, is greater than that of diethyl ether, CH3CH2OCH2CH3.  (b) Despite the fact that steel is more dense than water, a steel razor blade can be made to float on water.  (c) In contact with a narrow capillary tube made of polyethylene, water forms a concave-downward meniscus like that of mercury in a glass tube.


11.26
Answer

(a)
Ethanol molecules experience hydrogen bonding, a stronger intermolecular force than 

the weak dipole-dipole forces between diethyl ether molecules.  The stronger forces between ethanol molecules make the liquid more resistant to flow and thus more viscous.


(b)
The surface tension of water is quite strong.  If the flat surface of the steel razor blade is

placed parallel to the surface of the water, the downward force of gravity is dispersed over a relatively large area and is not sufficient to separate the water molecules at the surface of the liquid..


(c)
The shape of a meniscus depends on the strength of the cohesive forces within a liquid 

relative to the adhesive forces between the walls of the capillary and the liquid.  Because polar water molecules have strong cohesive intermolecular interactions relative to the weak adhesive forces between the polar water molecules and nonpolar polyethylene, the meniscus is concave-downward.


11.40
Question

Place the following substances in order of increasing volatility:  CH4, CBr4, CH2Cl2, CH3Cl, CHBr3,CH2Br2.  Explain your answer.


11.40
Answer

CBr4 < CHBr3 < CH2Br2 < CH2C12 < CH3C1 < CH4.


The weaker the intermolecular forces, the higher the vapor pressure, the more volatile the compound.  The order of increasing volatility is the order of decreasing strength of intermolecular forces.  By analogy to the boiling points of HCl and HBr (Section 11.2), the trend will be dominated by dispersion forces, even though four of the molecules (CHBr3, CH2Br2, CH2C12, and CH3Cl) are polar.  Thus, the order of increasing volatility is the order of decreasing molar mass and decreasing strength of dispersion forces.


13.30
Question

Ascorbic acid, vitamin C, is a water-soluble vitamin.  A solution containing 80.5g of ascorbic acid, C6H8O6 dissolved in 210g of water has a density of 1.22 g/mL at 55oC.  Calculate (a) the mass percentage;  (b) the mole fraction;  (c) the molality;  (d) the molarity of ascorbic acid in this solution.


13.30
Answer

(a)
mass % = __mass C6H8O6_  x  100


    total mass solution

___80.5gC6H8O6__ x 100 = 27.71 = 27.7% C6H8O6
            80.5g C6H8O6 + 210g H2O

(b)
mol C6H8O6  =  80.5g C6H8O6  = 0.4571 = 0.457 mol C6H8O6


   176.1 g /mol

mol H2O  =   210g H2O  =  11.654  =  11.17 mol H2O


        18.02 g/mol

X C6H8O6 =                0.4571 mol C6H8O6                   =  0.0377


      0.4571 mol C6H8O6  + 11.654 mol H2O


(c)
m =  0.4571 mol C6H8O6  =  2.18 m  C6H8O6
            0.210 kg H2O


(d)
M  =  mol C6H8O6;  290.5g soln x 1mL  x      1L       =  0.2381  =  0.238 L                  

          L solution

      1.22 g    1000mL

M  =  0.4571 mol C6H8O6  =  1.92 M  C6H8O6                                     

             0.2381 L soln



13.46
Question

(a) Calculate the vapor pressure of water above a solution prepared by adding 32.5g of glycerine, C3H8O3  to 140g of water at 343 K.  (The vapor pressure of water is given in Appendix B.)  (b) Calculate the mass of ethylene glycol, C2H6O2, that must be added to 1.00 kg of ethanol, C2H5OH, to reduce its vapor pressure by 13.2 torr at 35oC.  The vapor pressure of pure ethanol at 35oC is 1.00 x 102 torr.                   


13.46
Answer

(a)
H2O vapor pressure will be determined by the mole fraction of H2O in the solution.  

The vapor pressure of pure H​2O at 343 K (70oC) = 233.7 torr.

32.5g C3H8O3  =  0.3529  =  0.353 mol;  140 g H2O  =  7.769  =  7.77 mol

  92.10 g/mol                                           18.02 g/mol

PH20  =  7.769 mol H2O  x  233.7 torr = 223.5  =  224 torr


 7.769 + 03529


(b)
Calculate XB by vapor pressure lowering;  XB  =   ∆PA /PAo (see Exercise 13.45(b)).  

Given moles solvent, calculate moles solute from the definition of mole fraction.

XC2H6O2  =  13.2 torr  =  0.132
                   100 torr

1.00 x 103g C2H5OH  =  21.71 = 21.7 mol C2H5OH;  let y = mol C2H6O2
    46.07 g/mol

XC2H602  =   _______y mol C2H6O2                           = 0.132  = ______y______       

                     y mol C2H6O2  + 21.71 mol C2H5OH

     y + 21.71

0.132 y + 2.866 = y;  0.868 y = 2.866;  y  = 3.302  =  3.30 mol C2H6O2

3.302 mol C2H6O2  x   62.07 g  =  205 g C2H6O2

                                          1 mol

13.50 Question

Using data from Table 13.4, calculate the freezing and boiling points of each of the following solutions:  (a) 0.50 m glucose in ethanol;  (b) 18.0 g of C10H22 in 425 g (CHCl3;  (c) 0.45 mol ethylene glycol and 0.10 mol KBr in 125 g H2O. 
13.50 Answer
∆ T = K(m);  first calculate the molality of the solute particles.

(a)
0.50 m

(b)  18.0 g C10H22      x    1 mol C10H22    =  0.2976  =  0.298 m
                                           0.425 kg CHCl3          142.3 gC10H22
(c)
m = 0.45 mol eg – 2(0.10) mol KBr   =   0.65 mol particles   =  5.20 = 5.2 m




0.125 kg H2O


        0.125 kg H2O



Then, f.p. = Tf – Kf(m);  b.p.  =  Tb + Kb (m);  T in oC

	
	m
	Tf
	-Kf(m)
	
	f.p.
	Tb
	+Kb(m)
	
	b.p.

	(a)
	0.50
	-114.6
	-1.99(0.50)
	= -1.0
	-115.5
	78.4
	1.22(0.50)
	= 0.61
	79.0

	(b)
	0.298
	-63.5
	-4.68(0.298)
	= -1.39
	-64.9
	61.2
	3.63(0.298)
	=1.08
	62.3

	(c)
	5.2
	0.0
	-1.86(5.2)
	= -9.7
	= -9.7
	100.0
	0.52(5.2)
	= 2.7
	102.7


13.54
Question
Seawater contains 3.4 g of salts for every litre of solution.  Assuming that the solute consists entirely of NaC1 (over 90 percent is), calculate the osmotic pressure of seawater at 20oC.

13.54 Answer
п = M RT;  T = 20oC + 273 = 293K

M (of ions)  =  mol NaC1 x 2 =  3.4 g NaC1  x  1 mol NaC1  x  2 mol ions   =  0.116 = 0.12 M



      L soln
      1 L soln
    58.4 g NaC1     1 mol NaC1

п
= 0.116 mol  x  0.08206 L ˙atm  x  293 K  =  2.8 atm



L
      K ˙mol

13.58 Question
A dilute aqueous solution of an organic compound soluble in water is formed by dissolving 22.3 g of the compound in water to form (0.250 L solution.  The solution so formed has an osmotic pressure of 2.12 atm at 25oC.  Assuming that the organic compound nonelectrolyte, what is its molar mass?

13.58 Answer
M = п/RT  =  2.12 atm  x  ___mol ˙K          =  0.08669  =  0.0867  M

                       298 K         0.08206 L ˙atm

M  =             __g        =    _____22.3 g_____      =  1.03 x 103g   g/mol

                    M x L          0.08669 M x 0.250 L

Week 6
3
Basic kinetics – first and second order reactions, chemically 

catalysed runs. Hal-lives, Catalysis: Haber process, 3-way converter heterogenous.  Enzymatic catalysis – homogenous.

Module 8 CW  Complete:  14.1-14.6

Quiz 8

14.6 Question

The rate of disappearance of HC1 was measured for the following reaction:


CH3OH(aq)  +  HCl(aq)  (  CH3Cl(aq)  +  H2O(l)
The following data were collected:

	Time (mins)
	[HCl] (M)

	0.0
	1.85

	54.0
	1.58

	107.0
	1.36

	215.0
	1.02

	430.0
	0.580


Calculate the average rate of reaction, in M/s, for the time interval between each measurement.

14.6
Answer
	Time (mins)
	
	Time interval

(min)
	Concentration

(M)
	
	  ∆ M
	Rate

(M /s)

	0.0
	
	
	1.85
	
	
	

	54.0
	
	54.0
	1.58
	
	-0.27
	8.3 x 10-5

	107.0
	
	53.0
	1.36
	
	-0.22
	6.9 x 10-5

	215.0
	
	108
	1.02
	
	-0.34
	5.3 x 10-5

	430.0
	
	215
	0.580
	
	-0.44
	3.4 x 10-5


14.12
Question
(a) Consider the combustion of ethylene, C2H4(g) + 302(g) ( 2CO2(g) + 2H2O(g).  If the concentration of C2H4 is decreasing at the rate of 0.18 M/s, what are the rates of changes in the concentrations of CO2 and H2O?  (b) The rate of decrease in N3H4 partial pressure in a closed reaction vessel from the reaction N2H4(g) + H2(g) (2NH3(g) is 60 torr /hr.  What are the rates of change of NH3 partial pressure and total pressure in the vessel?


14.12
Answer
(a)
-∆[C2H4]/∆t=∆[CO2]/2 ∆t =∆[H2O]/2∆t


-2∆[C2H4]/∆t=∆[CO2]/∆t =∆[H2O]/∆t


C2H4 is burning, -∆[C2H4]/∆t  = 0.18 M/s


CO2 and H2O are produced, at twice the rate that C2H4 is consumed.


∆[CO2]/∆t = ∆[H2O]/∆t = 2(0.18) M/s = 0.36 M/s

(b)
In this reaction, pressure is a measure of concentration


-∆[N2H4]/∆t = -∆[H2]/∆t =∆[NH3]/2∆t


N2H4 is consumed, -∆[N2H4]/∆t = 60 torr/hr


H2 is consumed, -∆[H2]/∆t = 60 torr/hr


NH2 is produced at twice the rate that N2H4 and H2 are consumed,


∆[NH3]/∆t = -2∆[N2H4]/ ∆t = 120 torr/hr


∆PT/∆t = (+120 torr/hr – 60 torr/hr – 60 torr/hr) = 0 torr/hr

14.16
Question
The decomposition of N2O5 in carbon tetrachloride proceeds as follows: 2N2O5 ( 4NO2 + O2.  The rate law is first order in N2O5.  At 64oC the rate constant is 4.82 x 10-3s-1.  (a) Write the rate law for the reaction. (b) What is the rate of reaction when [N2O5] = 0.0240 M?  (c) What happens to the rate when the concentration of N2O5 is doubled to 0.0480 M?

14.16 Answer
(a)
rate = k[N2O5] = 4.82 x 10-3 s -1 {N2O5 ]
(b)
rate = 4.82 x 10-3 s –1 (0.0240 M) = 1.16 x 10-4 M/s
(c)
rate = 4.82 x 10-3 s –1 (0.0480 M) = 2.31 x 10-4 M/s

When the concentration of  N2O5 doubles, the rate of the reaction doubles.

14.18
Question

The reaction between ethyl bromide, C2H5Br, and hydroxide ion in ethyl alcohol at 330 K, C2H5Br(alc) + OH- (alc) ( C2H5OH(l) + Br-(alc) is first order each in ethyl bromide and hydroxide ion.  When [C2H5Br] is 0.0477 M and [OH-] is 0.100 M, the rate of disappearance of ethyl bromide is 1.7 x 10-7 M/s.  (a) What is the value of the rate constant?  (b) What are the units of the rate constant? (c) How would the rate of disappearance of ethyl bromide change if the solution were diluted by adding an equal volume of pure ethyl alcohol to the solution?

14.18
Answer

(a,b)  rate = k[C2H5Br][OH-];  k =  ___rate___





       [C2H5Br][OH-]


at 298K, k = 1.7 x 10-7 M/s      = 3.6 x 10-5 M-1 s-1



        [0.0477 M][0.100 M]

(c)
Adding an equal volume of ethyl alcohol reduces both [C2H5Br] and [OH-] by a factor

of two.  New rate = (1/2)(1/2) = ¼ of old rate.

14.22 Question
The following data were measured for the reaction BF3(g) + NH3(g) (F3BNH3(g);

	Experiment
	[BF3](M)
	[NH3](M)
	Initial rate

(M /s)

	1
	0.250
	0.250
	0.2130

	2
	0.250
	0.125
	0.1065

	3
	0.200
	0.100
	0.0682

	4
	0.350
	0.100
	0.01193

	5
	0.175
	0.100
	0.0596


(a) What is the rate law for the reaction?  (b) What is the overall order of the reaction?  (c) What is the value of the rate constant for the reaction?


14.22
Answer


(a) Doubling [NH3] while holding [BF3] constant doubles the rate (experiments 1 and 2).

Doubling [BF3] while holding  [NH3] constant doubles the rate (experiments 4 and 5).

Thus, the reaction is first order in both BF3 and  NH3;  rate = k[BF3] [[NH3]


(b)
The reaction is second order overall.


(c)
From experiment 1:  k =  __0.2130 M/s__      = 3.41 M –1s-1




     (0.250 M)(0.250 M)


(Any of the five sets of initial concentrations and rates could be used to calculate the rate constant k. The average of these 5 values is kavg  = 3.41 M –1s –1).

14.28
Question
The gas-phase decomposition of SO2C12  SO2C12(g),  ( SO2(g) + C12(g), is first order in SO2C12.  At 600 K, the half-life for this process is 2.3 x 105s.  What is the rate constant at this temperature?

14.28 Answer
t1/2 = 2.3 x 105s; t1/2 = 0.693/k, k = 0.693/t1/2

k = 0.693/2.3 x 105s = 3.0 x 10-6s-1
14.30
Question
As described in Exercise 14.28, the decomposition of sulfuryl chloride, SO2C12 is a first-order process.  The rate constant for the decomposition at 660K is 4.5 x 10-2s‑1.  (a) If we begin with an initial SO2C12 pressure of 340 torr, what is the pressure of this substance after 75 s?  (b) At what time will the pressure of SO2C12 decline to one tenth its initial value?


14.30
Answer
In this reaction, pressure is a measure of concentration.

(a) InPt = -kt + InPo;  Po = 340 torr;  t = 75 s

InP75 = -4.5 x 10-2 s-1(75) + ln(340) = -3.375 + 5.829 = 2.454

P75 = 11.63 = 12 torr

Pt = 0.10 Po; ln(Pt/Po) = -kt

In(0.10 Po/Po) = -kt, In(0.10) = -kt;; -In(0.10)/k = t

t = -(-2.303)/4.5 x 10-2 x-1 = 51.2 = 51 s

14.32 Question
From the following data for the first-order gas-phase isomerization of CH3NC at 215oC, calculate the first-order rate constant and half-life for the reaction.

	Time (s)
	
	Pressure

CH3NC (torr)

	0        
	
	502

	2,000
	
	335

	5,000
	
	180

	8,000
	
	    95.5

	12,000
	
	    41.7

	15,000
	
	    22.4


14.32 Answer

	t (s)
	PCH3NC 
	InPCH3NC

	0
	502
	6.219

	2000
	335
	5.814

	5000
	180
	5.193

	8000
	95.5
	4.559

	12000
	41.7
	3.731

	15000
	22.4
	3.109











DIAGRAM

A graph of in P vs t is linear with a slope of 

–2.08 x 10-4s‑1.
  The rate constant 

k = -slope = 2.08 + 10-4 s-1.

Half-life = t1/2 = 0.693/k = 3.33 x 103s.

14.40 Question
(a) Calculate the fraction of methyl isonitrile molecules that have an energy of 80.0 kj or greater at 450 K.  (b) Calculate this fraction for a temperature of 460 K.  What is the ratio of the fraction at 460 K to that at 450 K?


14.40
Answer


(a)
f = e –E a/RT   Ea = 80.0 kj/mol = 8.00 x 104 J/mol, T = 450 K


-Ea/RT = - 8.00 x 104 J/mol  x  mol˙K  =  -21.3829 = -21.4




 450K

  8.314J


f = e-21,3829 = 5.17 x 10-10
(b) -Ea/RT = - 8.00 x 104 J/mol  x  mol ˙K  =  - 20.9181 = -20.9

   460K              8.314J


f = e-20.9181 = 8.23 x 10-10

f at 460K = 8.23 x 10-10 = 1.59


f at 450K = 5.17 x 10-10

An increase of 10K means that 1.6 times more molecules have this energy.

14.50 Question
The temperature dependence of the rate constant for the reaction

 CO(g) + NO2(g) (CO2(g) + NO(g)

Is tabulated below.  Calculate E8 and A.

	Temperature (K)
	K (M-1s-1)

	600
	0.028

	650
	         0.22

	700
	        1.3

	750
	        6.0

	800
	        23


14.50 Answer
	    k
	  In k
	T(K)
	1/T(x103)

	0.028
	-3.58
	600
	1.67

	0.22
	-1.51
	650
	1.54

	1.3
	0.26
	700
	1,43

	6.0
	1.79
	750
	1.33

	23
	3.14
	800
	1.25











DIAGRAM

Using the relationship ln k = ln A-Ea/RT,

The slope, -15.94 x 103 = -16 x 103, is –Ea/R. 

E8 = 15.94 x 103 x 8.314 J/mol = 1.3 x 102 kj/mol.  To calculate A,

we will use the rate data at 700 K.  From the equation given above,

0.262 = ln A – 15.94 x 103/700;  ln A = 0.262 + 22.771.  A = 1.0 x 1010.

14.56 Question
What is the molecularity of each of the following elementary processes?  Write the rate law for each.

(a) CH2(g) + C12(g) ( CH2C12(g)


CG2
            /    \

(b) H2C –CH2(g)(CH2=CH - CH3(g)

(c) SO2(g) ( SO2(g) + O(g)

14.56 Answer 

(a)
bimolecular, rate   = k[CH2][C12]
(b)
unimolecular, rate = k[C3H6]

(d) unimolecular, rate = k[SO3]

14.60 Question
Consider the following reaction:

H2(G) + 2ICl(g) ( 2HCl(g) + I2(g)

The rate law for this reaction is first order in both H2 and ICl:  Rate = k[H2][ICl].  Which of the following mechanisms are consistent with the observed rate law?

(a)
2ICl(g) + H2(g) ( HCl(g) + I2(g)









(termolecular reaction)

(b)
H2(g) + HIC1(g) (  HI(g) + HCl(g)

(slow)


HI(g) + ICl(g)  (  HCl(g) + I2(g)

(fast)

(c)
H2(g) + ICI(g)  (  HI(g) + HCl(g)

(fast)


HI(g) + ICl(g)  (  HCl(g) + I2(g)

(slow)

(d)
H2(g) + ICl(g)  (  HICI(g) + H(g) 

(slow)


 H(g) + ICl(g)  (  HICl(g) + I(g)

(fast)


          HICl(g)  (  HCl(g) + I(g)

(fast)


       I(g) + I(g) (  I2(g)


(fast)

14.60 Answer

Both (b) and (d) are consistent with the observed rate law.  For a multistep reaction, the rate law is determined by the slow step and any receding steps.  In both (b) and (d), the first step is the slow step and the rate law is K[H2][ICI].  The subsequent fast steps do not influence the rate law.  Mechanisms (a) and (c) would lead to a rate law which is second order in ICl.

Week 7
3
Nuclear decay processes, radioisotopes, radiodating, stable 

isotopes, thermochemistry ∆H (exothermic, endothermic), 

First Law, Eq ??

Module 9  CW  Complete:  2.2, 21.1-21.2, 21.4

Quiz 9

21.8 Question
What particle is produced during the following decay processes:  (a) sodium-24 decays to magnesium-24;  (b) mercury-188 decays to gold-188;  (c) iodine-122 decays to xenon-122;  (d) plutonium-242 decays to uranium-238?

21.8 Answer
(a) 24 Na (  24Mg  +  oe;  
a ? particle is produced

11            12           -1
(b)
188 Hg ( 188Au  +  0e;  
a positron is produced


  80
       79           1
(c)
122 I  (   122Xe  +  0e;  
a ? particle is produced


  53
        54          -1
(d)
242 Pu (  238 U + 4He;
an ? particle is produced

              94              92        2
21.12 Question
Each of the following nuclei undergoes either beta or positron emission.  Predict the type of emission for each:  (a) 66 Ge;  (b) 105Rh;  (c) iodine-137;  (d) cerium-133

                                    32                       45
21.12 Answer
(a) 
66  Ge – low neutron/proton ratio;  positron emission

      
32

(b)
105 Rh – high neutron/proton ratio;  beta emission

 45 

(c)
137 I – high neutron/proton ratio;  beta emission

 53

(d)
133 Ca – low neutron/proton ratio;  positron emission

     
 58 



21.20
Question
Which of the following nuclides would you expect to be radioactive:  (a)  8Li;  (b) 28Si;  

(c) 120Sn;  (d) bromine-78;  (e) plutonium-238?  Justify your choices.        3

21.20 Answer
The criterion employed in judging whether the nucleus is likely to be radioactive is the position of the nucleus on the plot shown in Figure 21.2.  If the neutron/proton ratio is too high or low, or if the atomic number exceeds 83, the nucleus will be radioactive.  

Radioactive:  (a) high neutron/proton ratio;  (e) high atomic number; stable:  (b),(c) and (d).

21.32
Question
A sample of strontium –89 has an initial activity of 4600 counts per minute on a device that measures the level of radioactivity.  After 30.0 days the activity has declined to 3130 counts per minute.  What is the half-life for decay of strontium-89?

21.32 Answer
ln   Nt  = -kt;  solve for k

      No       

k  = -ln Nt x 1 = -ln  3130    x    _1  =  0.01283 = 0.0128 d –1;  t1/2   = 0.693/0.01283 d-1 = 54.0 d              


 No    t           4600        30.0



21.34
Question
Cobalt-60 has a half-life of 5.26 yr. The cobalt-60 in a radiotherapy unit must be replaced when its radioactivity falls to 75 percent of the original sample.  If the original sample was purchased in July of 1999, when will it be necessary to replace the cobalt-60?


21.34
Answer
K = 0.693 / t1/2  =  0.693/5.26 yr = 0.1317 = 0.132 yr-1; Nt/No = 0.75

       
t = -1  ln  Nt  = -(1/0. 1317 yr-1) In (0.75) = 2.18 yr

       k       No

2.18 yr = 26.2 mo = 797 d.  The source will have to be replaced sometime in the fall of 2001.

21.38 Question


The cloth shroud from around a mummy is found to have a 14C activity of 8.9 disintegration per minute per gram of carbon as compared with living organisms that undergo 15.2 disintegrations per minute per gram of carbon. From the half-life for 14C decay, 5715 yr, calculate the age of the shroud.

21.38
Answer


Calculate k in yr‑1 and solve Equation 21.19 for t.  No  = 15.2/min/g.  Nt = 8.9/min/g.


k  =  0.693/t1/2 = 0.693/5715 yr = 1.213 x 10-4 = 1.21 x 1014yr-1
t   =  -1 ln  N​t =               -1          _     ln     8.9   = 4.414 x 103 = 4.4 x 103 yr 

         k       N0       1.213 x 10-4yr‑1           15.2  



21.40
Question
Potassium-40 decays to argon-40 with a half-life of 1.27 x 109 yr.  What is the age of a rock in which the mass ratio of 40Ar to 40K is 3.6?


21.40
Answer
k  =  0.693/1.27 x 109 yr = 5.457 x 10-10 = 5.46 x 10-10 yr-1
If the mass of 40Ar is 3.6 times that of 40K, then the original mass of 40K must have been 3.6 + 1 = 4.6 times that now present.

t  = ​​​​​​​​​​​ _____-1_________   x   ln   _1_  = 2.8  x  109 yr

         5.457 x 10-10  yr-1
      (4.6)

3.26 Question
The mass spectrum of H2 is taken under conditions that prevent decomposition into H atoms.  The two naturally occurring isotopes of hydrogen are 1H (mass = 1.00783 amu; abundance = 99.985 percent) and 2H (mass = 2.01410 amu; abundance = 0.015  percent).  9a) How many peaks will the mass spectrum have?  (b) Give the relative atomic masses of each of these peaks.  (c) Which peak will be the largest, and which the smallest?

3.26 Answer
(a)
Three peaks:  1H - 1H,  1H - 2H,  2H - 2H


(b)
1H - 1H = 2(1.00783) = 2.01566 amu


1H - 2H = 1.00783 + 2.01410 = 3.02193 amu


2H - 2H = 2(2.01410) = 4.02820 amu.


[The mass ratios are 1 : 1.49923 : 1.99845 or 1 : 1.5 : 2]


(c)
  1H - 1H is largest, because there is the greatest chance that two atoms of the more 

abundant isotope will combine.


2H  - 2H is the smallest, because there is the least chance that two atoms of the less 

abundant isotope will combine.


Module 10  CW  Complete: 5.1-5.5, 5.7-5.8, 8.9,15.1-15.3
Quiz 10


5.16
Question

For the following processes, calculate the change in internal energy of the system, and determine whether the process is endothermic or exothermic:  (a) A balloon is heated by adding 670j of heat.  It expands, doing 332j of work on the atmosphere:  (b) A 10-g sample of water is cooled from 20oC to 10oC, thereby losing approximately 420j of heat:  (c) A chemical reaction releases 8.65 kj of heat and does no work on the surroundings.

5.16 Answer
In each case, evaluate q and w in the expression ∆E  = q + w.  For an exothermic process, q is negative;  for an endothermic process, q is positive.

(a)
q is positive and w is negative.  ∆E = +670 J – 332 J = +338 J.  The process is endothermic.


(b)
q is negative and w is essentially zero.  ∆E = -420 J. The process is exothermic.

(c)
q is negative and w is zero.  ∆E = -8.65 kj.  The process is exothermic.

5.28 Question
Consider the following reaction:

CH3OH(g) (  CO(g) + 2H2(g)   ?H  =  +90.7 kj

(a) Is the reaction exothermic or endothermic?


(b) Calculate the amount of heat transferred when 45.0g of CH3OH(g) are decomposed by this reaction at constant pressure.  


(c) If the enthalpy change is 16.5 kj, how many grams of hydrogen gas are produced?


(d) How many kilojoules of heat are released when 10.0g of CO(g) reacts completely with H2(g) to form CH3OH(g) at constant pressure?

5.28 Answer


(a) Endothermic (∆H is positive)

(b)
45.0 g CH3OH x  1 mol  CH3OH  x    _   90.7 kj _    = +127 kj heat transferred




    32.04 g CH3OH
1 mol CH3OH

(c)  16.5 kj x 2 mol H2  x  2.016 g H2  =  0.733 g H2 produced,

         909.7 kj        1 mol H2

(d)
This is the reverse of the reaction given, so the sign of ∆H is reversed.

10.0 g CO x 1 mol CO  x    –90.7 kj  = .324 kj


         28.01 g CO   1 mol CO

5.30
Question
At one time, a common means of forming small quantities of oxygen gas in the laboratory was to heat KC1O3;

2 KC1O3(s)  (  2KC1(s)  +  302(g)   ?H  =  -89.5 kj

For this reaction, calculate ?H for the formation of (a) 1.24 mol of O2;  (b) 4.89 g of KCI; 

(c) 1.76 g of KCIO3 from KCI and O2.


5.30
Answer
(a)
1.24 mol O2  x  -89.4 kj   =  -36.952  =  -37.0  kj
                                     3 mol O2
(b)
4.89 g KC1  x  1 mol KCl     x    –89.4 kj   = -2.93 kj

                                    74.55 g KCl    2 mol KCl

(c)
1.76 g KC1O3  x  1 mol KC1O3    x     -89.4 kj     =  0.642 kj  (sign of ∆H reversed)

                                        122.6g KC1O3       2 mol KC1O3

5.36 Question
Consider the decomposition of liquid benzene, C6H6(I), to gaseous acetylene,  C2H2(g)


1


3 C6H6(I)  (  C2H2(g)
?H  =  + 210 kj

(a)
What is the enthalpy change for the reverse reaction?  (b) What is ?H for the decomposition of 1 mol of benzene to acetylene?  (c) Which is more likely to be thermodynamically favoured, the forward reaction or the reverse reaction?  (d) If C6H6(I)
were consumed instead of C6H6(I), would you expect the magnitude of ?H to increase, decrease, or stay the same?  Explain.

5.36 Answer
(a)
C2H2(g)  (  1/3 C6H6(l)
∆H  =  -210 kj 

(b)
C6H5(l)  (  3C2H2(g)

∆H  =  3(+210) kj = +630 kj

(c)
The exothermic reverse reaction is more likely to be thermodynamically favoured.

(d)
__________C2H2(g)__________________________


     + ∆H


+ ∆H

___________

1/3 C6H6(g)

________________

1/3 C6H6(l)

If the reactant is in the higher enthalpy gas phase, the overall ∆H for the reaction has a smaller positive value.

5.40 Question
The specific heat of toluene, C7Hg, is 1.13 j/g-K.  How many joules of heat are needed to raise the temperature of 40.0 g of toluene from 10.4oC to 28.0oC?

5.40 Answer
 40.0 g C7H8 x  1.13 J  x  (28.0oC – 10.4oC)  =  796 J.



g˙K

5.58 Question
Write balanced equations that describe the formulation of the following compounds from their elements in their standard states, and use Appendix C to obtain the values of their standard enthalpies of formation:  (a) HCl(g);  (b) AgNO3(s);  (c) A12O3(s)  (d) CH3OH(l).

5.58 Answer
	(a)
	1/2 H2(g) + 1/2 CI2(g) (  HCI(g)
	∆  H ?  = -92.30 kj

	(b)
	Ag(s) + 1/2 N2(g)  +  3/2 O2(g) ( AgNo3(s)
	∆  H ?  = -124.4 kj

	(c)
	2Al(s) + 3/2 O2(g) ( Al2O3(s)
	∆  H ?  = -1669.8 kj

	(d)
	C(s, gr) + 1/2 O2(g) + 2H2(g) ( CH3OH
	∆  H ?  = -238.6 kj



5.62
Question
Using values from Appendix C, calculate the value of ?Ho  for each of the following reactions:

(a) NaOH(s) + CO2(g)  (  NaHCO3(s)
(b) 4NH3(g)  + O2(g) ( 2N2H4(g) + 2H2O(l)
(c) 6C(s) + 6H2O(l) ( C6H12O6(s)
(d) Fe2O3(s) + 6HCl(g) ( 2FeCl3(s) + 3H2O(g)
5.62 Answer
(a) ∆Ho ixn = 2∆Hof? NaHCO3(s) - ∆Hof? NaOH(s) - ∆Hof? CO2(g)

= -947.7 kj – (-425.6 kj) – (-393.5 kj) = -128.6 kj

(b) ∆Hoixn  =  2∆Hof? N2H4(g) + 2∆Hof? H2O(l) – 4∆H ? NH3(g) - ∆Hof? O2(g)

= 2(95.40 kj) + 2(-285.83 kj) – 4(-46.19 kj) – 0 = -196.l kj

(c) ∆H?oixn = ∆Hof? C6H12O6(s) – 6∆Hof?  C(s) – 6∆Hof? H2O(l)

= -1273.02 kj – 6(0) – 6(-285.83 kj) = 441.96 kj 

(d) ∆H?oixn = 2∆Hof? FeCl3(s) + 3∆Hof?  H2O(g) - ∆Hof? Fe2O3(s) – 6∆Hof? HCl (g)

=2(-400 kj) + 3(-241.82 kj) – (-822.16 kj) –6(-92.30 kj) = -149.5 kj

5.72 Question
A pound of plain M&Mr  candies contains 96 g fat, 320 g carbohydrate, and 21 g protein.  What is the fuel value in kilojoules in a 42-g (about 1.5 oz) serving?  How many calories does it provide?

5.72 Answer
Calculate the fuel value in a pound of M&Mr candies.

96 fat x  38 kj  = 3648 kj = 3.6 x 103 kj

             1g fat

320 g carbohydrate x    ____17 kj_____                 = 5440 kj = 5.4 x 103 kj




1 g carbohydrate

21 g protein x   __17 kj __    = 357 kj = 3.6 x 102 kj



1 g protein

total fuel value = 3648 kj + 5440 kj + 357 kj = 9445 kj = 9.4 x 103kj/lb

9445 kj   x  _1 lb  x   __42 g   =  874.5 kj  =  8.7  x 102 kj/serving

    lb           453.6g    serving

874.5 kj  x  1 kcal  x    1 Cal   =  209.0 Cal  =  2.1 x 102 Cal/serving  

serving        4.184 kj    1 kcal

8.64 Question
Using bond enthalpies (Table 8.4), estimate  ?H for the following gas-phase reactions.




DIAGRAM HERE

8.64 Answer
(a) ∆H  =  3D(C-H) + D(C-O) + D(O-H) + D(H-Br)

-3D(C-H) – D(C-Br)-2D(O-H)

∆H = D(C-O) + D(H-Br) – D(C-Br) – D(O-H)

= 358 + 366 – 276 – 463 = -15 kj

(b) ∆H  = 3D(C-Cl) + D(C-H) – 2D(C-Cl) – D(C=O) – D(H-Cl)

= D(C-Cl) + D(C-H) – D(C=O) – D(H-Cl)

∆H = 328 + 413 –799 – 431 = -489 kj

(c) ∆H = D(C=O) + 2D(O-H) – D(H-H) – 2D(C=O)

= 1072 + 2(463) – 436 – 2(799) = -36 kj


15.10
Question


Which of the following reactions lies to the right, favouring the formation of products, and which lies to the left, favouring formation of reactants?

(a) 2NO(g) + O2(g) 

2NO2(g);Kc = 5.0 x 1012
(b) 2 HBr(g) 
 H2(g) + Br2(g); Kc = 5.8 x 10 –18
15.10 Answer
(a) equilibrium lies to right, favouring products (Kc>>1)

(b) equilibrium lies to left, favouring reactants (Kc<<1)

15.16 Question
Consider the following equilibrium, for which Kp = 0.0752 at 480oC:

2Cl2(g) + 2H2O(g) 
4HCI(b) + O2(g)

(a)  What is the value of Kp for the reaction 4HCl(g) + O2(g) 
2Cl2 + 2H2O(g)?

(b)  What is the value of Kp for the reaction Cl2(g) + H2O(g)  Arrows   2HCl(g) + ½ O2(g)?

(c)  What is the value of Kc for the reaction 2Cl​2(g) + 2H2O(g)  Arrows   4HCl(g) + O2(g)?


15.16
Answer
(a) Kp1 = 1/Kp  =  1/0.0752  =  13.3

(b) Kp1 = (Kp)1/2 = (0.0752)1/2 = 0.274

(c) Kc = Kp/RT∆n;  ∆n = +1;  T = 480 + 273 = 753 K

Kc = 0.752/(0.08206)(753) = 1.22 x 10-3
Week 8
3
Equilibrium, Ksp.  Free energy and spontaneous processes.  ∆G,K




Redox, metathesis, balance e-chem equations.

Module 11
CW  Complete:  15.4-15.6, 17.4, 19.1-19.7

Quiz 11

15.16(c)
Question
What is the value of Kc for the reaction 2Cl2(g) + 2H2O(g)                        4HCl(g) + O2(g)?

15.16(c)
Answer
Kc = Kp/RT∆n;  ∆n = +1;  T = 480 + 273 = 753 K

Kc = 0.752/(0.08206)(753) = 1.22 x 10-3

15.20 Question
Methanol, CH3OH, is produced commercially by the catalyzed reaction of carbon monoxide and hydrogen:  CO(g) + 2H2(g)                  CH3OH(g).  An equilibrium mixture in a 2.00-L vessel is found to contain 0.0406 mol CH3OH, 0.170 mol CO and 0.302 mol H2 at 500 K.  Calculate Kc at this temperature.

15.20 Answer
M = mol/L; [CH3OH] = 0.0406 mol.2.00 L = 0.0203 M
[CO] = 0.170 mol/2.00 L = 0.0850 M; [H2] = 0.302 mol.2,00 L = 0.151 M
Kc = [CH3OH]  =     (0.02023)      = 10.47  = 10.5

         [CO][H2]2     (0.850)(0151)2

15.22
Question

Phosphorus trichloride gas and chlorine gas react to form phosphorus pentachloride gas: PCl3(g) + Cl2(g)  arrows  PCl5(g).  A gas vessel is charged with a mixture of  PCl3(g) and Cl2(g), which is allowed to equilibriate at 450 K.  At equilibrium the partial pressures of the three gases are PPCl3 = 0.124 atm,  PCl2 = 0.157 atm, and  PPCl3  = 1.30 atm. (a) What is the value of Kp at this temperature?  (b) Does the equilibrium favour reactants or products?

15.22
Answer


(a)  Kp  =   PPC15   =                1.30 atm                   = 66.8

               PPC13 x PC12         0.124 atm x 0.157 atm

(b)  Since Kp > 1l , products (the numerator of the Kp expression) are favoured over reactants 

      (the denominator of the Kp expression).



15.32
Question
At 900 K the following reaction has Kp = 0.345:


2SO2(g) + O2(g)  diagram   2SO2(g)

In an equilibrium mixture the partial pressures of SO2 and O2 are 0.165 atm and 0.755 atm, respectively.  What is the equilibrium partial pressure of SO3 in the mixture?

15.32 Answer
Kp =     P2so3       ;  Pso3 =  (Kp x P2S02 x PO2)1/2  =  [(0.345)(0o.165)2(0.755)]1/2 = 0.0842 atm

         P2SO2 x Po2 

15.44 Question
For the following reaction, ?Ho = 2816 kj

6CO2(g) + 6H2O(l)   arrows  C6H12O6(s)  +  602(g)

How is the equilibrium yield of  C6H12O6 affected by (a) increasing Pco2; (b) increasing temperature; 

(c) removing CO2; (d) decreasing the total pressure; (e) removing part of the C6H12O6; 

(f) adding a catalyst?


15.44
Answer
(a)  increase  (b)  increase  (c)  decrease  (e)  no effect  (f)  no effect  (f)  no effect



17.38
Question
A 100-L solution saturated at 25oC with lead (ll) iodide is evaporated to dryness, giving

0.54 g of  Pbl2.  Calculate the solubility-product-constant for this salt at 25oC.

17.38 Answer
PIl2(s)    symbol      Pb2+(aq) + 21-(aq);  Ksp = [Pb2][I]2

[Pb2+]  =  0.54 g Pbl2   x    1 mol Pbl2  =  1.17 x 10-3 =  10-3 M

    1.00L soln
     461.0 g Pbl2         

[I-] = 2[Pb2+];  ksp = [Pb2+](2[Pb2+])2 = 4[Pb2+]3 = 4(1.17 x 10-3)3 = 6.4 x 10-9
19.20 Question
The element gallium, Ga, freezes at 29.8C, and its enthalpy of fusion is ∆Hfus = 5.59 kj/mol.  (a) When Ga(l) freezes to Ga(s) at 29.8oC, is ?S positive or negative?  (b) calculate the value of ∆S for the freezing of 90.0 g of Ga(l) at 29.8oC.

19.20 Answer
(a) Ga(l) ( Ga(s),  ∆S is negative.

(b) ∆H = 90.0 g Ga x  _1 mol Ga__  x  5.59 kj  = 7.2157  =  7.22 kj

                       69.723 g Ga
   mol Ga


       ∆S = ∆H  =  7.2157 kj x 1000 J  x   _______1______  = 23.8 J/K

                             T                            1 kj         (273.15 + 29.8) K

19.26 Question
For each of the following pairs, indicate which substance possesses the larger standard entropy:  (a) 1 mol of O2(g) at 0oC, 1 atm, or 1 mol of O2(g) at 200oC, 1 atm;  (b) 1 mol of H2O(g) at 100oC, 1 atm, or 1 mol of H2O(l) at 100oC, 1 atm;  (c) 0.5 mol of N2(g) at 298 K, 20 L volume, or 0.5 mol N2(g) at 298 K, 40 L volume;  (d) 100 g Na2SO4(s) at 30oC or 100 g Na2SO4(aq) at 30oC.

19.26 Answer
(a) 1 mol O2(g) at 473 K and 1 atm (higher temperature, greater molecular speeds, more overall motion) 


(b) 1 mol H2O(g) at 100oC, 1 atm (larger volume occupied by H2O(g)


(c) 0.5 mol of N2(g) at 298 K, 40 L (larger volume in which to move)


(d) 100 g of Na2SO4(aq) at 30oC (more motional freedom in aqueous solution)

19.40 Question
Use data in Appendix C to calculate  ∆Ho, ?So, and ∆Go at 25oC for each of the following reactions.  In each case show that  ∆Go = ∆Ho -  T∆So
(a) Ni(s) + Cl2(g) ( NiCl2(s)

(b) CaCO3(s,calcite) ( CaO(s) + CO2(g) 

(c) P4O10(s) + 6H2O(l) ( 4H3PO4(aq)

(d) 2CH3OH(l) + 302(g) ( 2CO2(g) + 4H2O(l)

19.40
Answer

(a) ∆Ho  =  -305.3 – [0 + 0] = .305.3 kj
∆So   =   97.65 – [29.9 + 222.96]  = -155.21  = -155.2 J/K
∆Go  =  -259.0 – [0 + 0]  =  -259.0 kj
∆Go   = -305.3 kj – 298 (-0.15521) kj  =  -259.047  =  .259.0 kj


(b) ∆Ho  = -635.5 + (-393.6) - (-1207.1) = 178.1 kj)
∆So  =  39.75 + 213.6 – (92.88)  =  160.47 = 160.5 J/K
∆Go  = -604.17 + (-394.4) – (-1128.76)  =  130.19 = 130.2 kj
∆Go  = 178.1 kj – 298(0.16047) kj = 130.28 = 130.3 kj


(c) ∆Ho  =  4(-1288.3) – [-2940.1 + 6(-285.83)] = -498.12  =  -498.1 kj
∆So  =  4(158.2)  -  [228.9 + 6(69.91)] = -15.56 = -15.6 J/K
∆Go  = 4(-1142.5) – [-2675.2 + 6(-237.13)]  =  -472.42 = -472.4 kj
∆Go  = -498.12 kj – 298(-0.01556) kj = -493.48 = -493.5 kj
(The discrepancy in ∆Go values is due to experimental uncertainties in the tabulated thermodynamic data.)


(d) ∆Ho = 2(-393.5) + 4(-285.83) – [2(-238.6) + 3(0)] = -1453.1 kj
∆So = 2(213.6)O + 4(69.91) – [2(126.8) + 3(205.0)] = -161.76 = -161.8 J/K
∆Go = 2(-394.4) + 4(-237.13) – [2(-166.23} + 3(0)] = -1404.86 = -1404.9 kj
∆Go = -1453.2 kj – 298(-0/16176) kj = -1404.996 = -1405.0 kj


19.60
Question

Consider the reaction H2(g) + F2(g) ( 2HF(g).  (a) Using data from Appendix C, calculate ∆Go at 298 K.  (b) Calculate  ∆Go At 298K if the reaction mixture consists of 10.0 atm of H2, 3.0 atm of F2, and 0.15 atm of HF.

19.60 Answer
(a) ∆Go = 2∆Go HF(g) – [∆Go H2(g) + ∆Go F2(g)] = 2(-270.70) – [0 + 0] = -541.40 kj

(b) ∆G = ∆Go + RT ln P2HF / PH2 x PF2
= .541.40 +  8.314 J   x  298 K ln [(0.15)2/10.0 x 3.0]  =  -559.2 kj



  K ˙mol


19.62
Question
Write the equilibrium constant expression and calculate the value of the equilibrium constant for each of the following reactions at 298 K, using data from Appendix C.

(a) NaHCO3(s) 
NaOH(s) + CO2(g)

(b) 2HBr(g) + Cl2(g)  arrows  2HCI(g) + Br2(g)

(c)  2SO2(g) + O2(g)  arrows   2SO3(g)

19.62
Answer


∆Go = -RT ln Kp;  ln Kp = -∆Go / RT; at 298 K, RT = 2.4776 = 2.478 kj

(a) ∆Go =NaOH(s) + ∆GoCO2(g) - ∆Go NaHCO3(s)

= -379.5 + (-394.4) – (-851.8) = +77.9 kj

ln Kp = -∆Go =  _-77.9 kj  =  -31.442 = -31.4;  Kp = 2 x 10-14
              RT       2.478 kj

Kp = Pco2 = 2 x 10-14 

(b) ∆Go = 2∆Go HC1(g) + ∆GoBr2(g) - 2∆Go HBr(g) - ∆Go Cl2(g)

= 2(-95.27) + 3.14 – 2(-53.22) – 0 = -80.96 kj

ln Kp = -(-80.96)  = +32.68; Kp = 1.6 x 1014

 2.4776

Kp = P2HCl x PBr2  =  1.6 x 1014

         P2HBr x PCl2
(c) From exercise 19.41(a), ∆Go at 298 K = -140.0 kj

ln Kp =  -∆Go  =  -(-140.0)  =  56.51;  Kp = 3.5 x 1024

  RT          2.4776

Kp =    P2SO3 ____      = 3.5 x 1024
                     P2SO2 x PO2 

Module 12  CW  Complete:  4.2, 4.4, 20.1-20.2

Quiz 12

4.38 Question
Determine the oxidation number for the indicated element in each of the following compounds:  (a) Co in CoCl2;  (b) Ga in Ga(OH)3;  (c) P in HPO42-;  (d) C in C2O42-;  (e) Cr in Cr(OH)4-;  (f) N in Ca(NO3)2.

4.38 Answer
(a)  +2

(b)  +3

(c)  +5

(d)  +3

(e)  +3

(f)  +5

4.40
Question
Which of the following reactions are redox reactions?  For those that are, indicate which element is oxidised and which one is reduced.  For those that are not, indicate whether they are precipitation or acid-base reactions.

(a)  Cu(OH)2(s) + 2HNO3(aq) (




Cu(NO3)2(aq) + 2H2O(l)

(b)  Fe2O3(s) + 3CO(g) ( 2Fe(s) + 3CO2(g)

(c)  Sr(NO3)2(aq) + H2SO4(aq)  (




SrSO4(s)  +  2HNO3(aq)


(d) 4Zn(s) + 10H+(aq)  + 2NO3-(aq)  (
4Zn2+(aq) + N2O(g) + 5H2O(l)

4.40
Answer


(a) acid-base reaction

(b) oxidation-reduction reaction;  Fe is reduced, C is oxidised

(c) precipitation reaction

(d) oxidation-reduction reaction, Zn is oxidised, N is reduced

20.4
Question
Indicate whether the following balanced equations involve oxidation-reduction.  If they do, identify the elements that undergo changes in oxidation number.

(a)  2OH-(aq) + Cr2O72-(aq)   (




2CrO42-(aq) + H2O(l)

(b)  3NO2(g)+ H2O(l) ( 2HNO3(aq) + NO(g)

(c)  PBr3(l) + 3H2O(l) ( H3PO3(aq) + 3HBr(aq)
(d)  2H3SO4(aq) + 2NaBrs (
                  Br2(l) + SO2(g) + Na2SO4(aq) + 2H2O(l)


20.4 Answer


(a) No oxidation-reduction

(b) N is both oxidised and reduced; it is reduced from +4 to +2 and oxidised from +4 to +5

(c) No oxidation-reduction

(d) S is reduced from +6 to +4 ; Br is oxidised from –1 to 0. 


20.8 Question
Complete and balance the following half-reactions.  In each case indicate whether oxidation or reduction occurs.

(a) Mo3+(aq) (Mo(s)

(b) H2SO3(aq) ( SO42-(aq)   
(acidic solution)

(c) FeO42-(aq) (Fe3+(aq)

(acidic solution)

(d) ClO2-(aq) ( CI-(aq)

(basic solution)

(e) O2(g) ( OH-(aq)

(basic solution)

20.8 Answer
(a) Mo3+(aq) + 3e (Mo(s);  reduction

(b) H2SO3(aq) + H2O(l) ( SO42-(aq) + 4H+(aq) + 2e;  oxidation   

(c) FeO42-(aq) + 8H+(aq) + 3e- (Fe3+(aq) + 4H2O(l);  reduction

(d) ClO2-(aq) + 2H2O(l) + 4e- ( Cl-(aq) + 4OH-(aq);  reduction

(e) O2(g) + 2H2O(l) + 4e- ( OH-(aq);  reduction

20.10
Question

Complete and balance the following equations:  

(a) Pb(OH)42-(aq) + ClO-(aq) (
PbO2(s) + Cl-(aq)

(basic solution)

(b) Tl2O3(s) + NH2OH(aq)
(
TlOH(s) + N2(g)

 (basic solution)

(c) Cr2O72-(aq) + CH3OH(aq) (
Hco2H(aq) + Cr3+(aq)

(acidic solution)

(d) MnO4-(aq) + Cl-(aq) (
Mn2+(aq) + Cl2(aq)

(acidic solution)

(e) H2O2(aq) + ClO2(aq) (
ClO2- (aq) + O2(g)

(basic solution)

(f)
NO2-(aq) + Cr2O72-(aq)
(

Cr3+(aq) + NO3-(aq)

(acidic solution)


20.10
Answer
(a) Pb(OH42-(aq) + CIO-(aq) (  PbO2(s) + Cl-(aq) + 2OH-(aq) + H2O(l)

(b) The half reactions are:

3H2O(l) + Tl2O3(s) + 4e- ( 2TlO(s) + 4OH-(aq)

Net
2[2NH2 OH(aq) + 2OH-(aq) ( N2(g) + 4H2O(l) + 2e-]


Tl2O3(s) + 4NH2OH(aq) (  2TlOH(s) + 2N2(g) + 5H2O(l)

(c) 2[Cr2O72-(aq) + 14H4(aq) + 6e- (2Cr3+(aq) + 7H2O(l)]

Net 
______3[CH3OH(aq) + H2O(l) (HCO2H(aq) + 4H+(aq) + 4e-]___________


2Cr2O72-(aq) + 3CH3OH(aq) + 16H+(aq) ( 4Cr3+(aq) + 3HCO2H(aq) + 11H2O(l)

(d)     

2[MnO4-(aq) + 8H+(aq) + 5e- ( Mn2+(aq) + 4H2O(l)]

                          5[2Cl-(aq) (Cl2(aq) + 2e?]_________________________    

Net
2MnO4-(aq) + 10Cl-(aq) + 16H+(aq) ( 2 Mn2+(aq) + 5Cl2(g) + 8H2O(1)

(e) H2O2(aq) + 2e- ( O2(g) + 2H+(aq)

Since the reaction is in base, the H+ can be "neutralised" by adding 2OH- To each side of the equation to give H2O2(aq) + 20H(aq) + 2e ( O2(g) + 2H2O(l).  

The other half reaction is 2[ClO2(aq) + e- ( ClO2- (aq).]

Net:
H2O2(aq) + 2ClO2(aq) + 2OH-(aq) ( O2(g) + 2ClO2-(aq) + 2H2O(l)


(f)


3[NO2(aq) + H2O(1) ( NO3-(aq) + 2H+(aq) + 2e-]



Cr2O72-(aq) + 14H+)aq) + 6e- ( 2Cr3+(aq) + 7h2O(l)___________    


Net:
3NO2-(aq) + Cr2O72-(aq) + 8H+(aq) ( 3NO3-(aq) + 2Cr3+(aq) + 4H2O(l)

Week 9
Electrochemistry, Cell diagrams, Zn/Cu cell, SHE & pH Electrodes, 

Voltaic cells (car battery), Electrolytic cells 


Module 13  CW  Complete:  20.3-20.7, 20.9
Quiz 13

20.14 Question


A voltaic cell similar to that shown in figure 20.5 is constructed.  One electrode compartment consists of a silver strip placed in a solution of AgNO3, and the other has a nickel strip placed in a solution of NiCl2.  The overall cell reaction is:

2Ag+(aq) + Ni(s) ( 2Ag(s) + Ni2+(aq)

(a) Write the half-reactions that occur in the two electrode compartments.  (b) Which electrode is the anode, and which is the cathode?  (c) Indicate the signs of the electrodes.  (d) Do electrons flow from the silver electrode to the nickel electrode or from the nickel to the silver?  (e) In which directions do the cations and anions migrate through the solution?

20.14
Answer

(a)
      Ag+(aq) + 1e- ( Ag(s); Ni(s) (Ni2+(aq) + 2e-
(b)
      Ni(s) is the anode; Ag(s) is the cathode.

(c) Ni(s) is negative;  Ag(s) is positive.

(d) Electrons flow from the Ni(-) electrode toward theAg(+) electrode.

(e) Cations migrate toward the AG(s) cathode;  anions migrate toward the Ni(s) anode.

20.24 Question
A voltaic cell that uses the reaction

PdCl42-(aq) + Cd(s) ( Pd(s) + 4Cl-(aq) + Cd2+(aq)


has a measured standard cell potential of +1.03V.  (a) Write the two half-cell reactions.  (b) By using data from Appendix E, determine EOred for the reaction involving Pd.  (c) Sketch the voltaic cell, label the anode and cathode, and indicate the direction of electron flow.

20.24 Answer

(a)
PdCl4 2-(aq) + 2e- ( Pd(s) + 4Cl-

cathode E ored  =  ?


Cd(s) ( Cd2+(aq) + 2e-


anode E ored = 0.403 V

(b)
E ocell = Eored (cathode) –E ored (anode);  1.03 V = E ored (-0.403  V);

E ored = 1.03 V – 0.403 = 0.63 V


(c)
DIAGRAM HERE


20.26
Question

Using data in Appendix E, calculate the standard emf for each of the following reactions:

(a) F2(g) + 2Cl-(aq) (2F-( aq) + Cl2(g)

(b) Zn(s) + Br2+ (aq)( Zn2+(aq)  + Ba(s)

(c) 3Fe2+( aq) ( Fe(s) + 2Fe3+(aq)

(d) Hg22+( aq) + 2Cu+( aq) ( 2 Hg(l) + 2Cu2+( aq)

20.26
Answer


(a)
F2(g) + 2e ( 2F-(aq)


Eredo = 2.87 V

   
   2Cl-(aq) ( Cl2(g) + 2e-

Eredo = 1.359 V

Eo = 2,87 V – 1.359 V = 1.51 V

(b)
Zn(s) ( Zn2+(aq) + 2e-

Eredo = -0.763 V


Ba2+(aq) + 2e- ( Ba(s)

Eredo = -2.90 V


Eo = -2.90 V – (0.763 V) = -2.14 V

(c)
Fe2+(aq) + 2e- (Fe(s)


Ered = -0.440 V


2[Fe2+(aq) (Fe3+(aq) + 1e-]

Ered = -0.771 V


Eo = -0.440 V – 0.771 V = -1.21 V

(d)
Hg22+(aq) + 2e- ( 2Hg(l)

Ered = -0.789 V


   2[Cu+(aq) ( Cu2+(aq) + le.]

Ered = -0.153 V


Eo = 0.789 V – 0.153 V = 0.636 V

20.35 Question
From each of the following pairs of substances, use data in Appendix E to choose the one that is the stronger oxidising agent:

(a) Cl2(g) or Br2(l)

(b) Ni2+(aq) or Cd2+(aq)

(c) BrO3-(aq) or IO3-(aq)

(d) H2O2(aq) or O3(g)

20.35 Answer
In each case, choose the half-reaction with the more positive reduction potential and with the given substance on the left.

(a)  Cl2(g) (1.359 V vs. 1.065 V)


(b)  Ni2+(aq) (-02.28 vs. –0.403 V)

(c)  BrO3-(aq) (1.52 V vs. 1.195 V)


(d)  O3(g) (2.07 V vs. 1.776 V)

20.42 Question
The standard reduction potential for the reduction of RuO4-(aq) to RuO42-(aq) is + 0.59V.  By using table 20.1, suggest one or more substances that can oxidise RuO42-(aq) to RuO4-(aq).

20.42 Answer
Any oxidised species with a reduction potential greater than 0.59 V will oxidise RuO42-(aq) to RuO4-, MnO4- in neutral or alkaline solution is on the borderline but any species above it on table 20.1 would be strong enough.

20.44
Question


(a) What is the relationship between the emf of a reaction and the change in Gibbs free energy?  

(b) Which of the reactions in Exercise 20.26 are spontaneous under standard conditions?  

(c) Calculate the standard free-energy change at 25oC for each of the reactions in Exercises 20.26. 


20.44
Answer
(a)  ∆G = -nFE.  The more positive the emf of a  reaction, the more negative the value of ∆G

(b)  Reactions (a) and (d) in exercise 20.26 have positive Eo values and are spontaneous.


(c)  ∆Go = -nFEo-, F = 96,500 J/V˙mol e- = 96.5 kj/V˙mol e-

20.26 (a)  ∆Go = -2 mol e- x __96.5 kj  1.51 V = -291.43 = -291 kj




        V ˙mol e-
20.26 (b)  ∆Go = -2(96.5)(-2.14) = 413.02 = 413 kj 
20.26 (c)  ∆Go = -2(96.5)(-1.21) = 233.53 = 234 kj
20.26 (d)  ∆Go = -2(96.5)(0.636) = -122.75 = -123 kj

20.52 Question

A voltaic cell utilises the following reaction and operates at 298K:

3Ce4+(aq) + Cr(s) ( 3Ce3+(aq) + Cr3+(aq)

(a) What is the emf of this cell under standard conditions?  (b) What is the emf of this cell when [Ce4+] = 1.5 M,[Ce3+] = 0.010 M, and [Cr3+] = 0.010 M?  (c) What is the emf of the cell when [Ce4+] = 0.55 M, [Ce3+] = 0.85 M, and [Cr3+] = 1.2 M?

20.52 Answer
(a)

3[Ce4+(aq) + 1e- ( Ce3+(aq)


E ored = 1.61 V




Cr(s) ( Cr3+(aq) + 3e


E ored = -0.74 V


___________________________________________________________


3[Ce4+(aq)+Cr(s)(3Ce3+(aq) + Cr3+(aq)
Ered = 1.61 - (- 0.74)=2.35 V

(b)
E = Eo – 0.0592  log  [Ce3+]3[Cr3+] ;  n = 3
                                n                 [Ce4-]3

E = 2.35 – 0.0592  log  (0.010)3(0.010)  = 2.35 – 0.0592  log (2.963 x 10-9)




3    
         (1.5)3                               3


E = 2.35 - 0.0592 (-8.53)  = 2.35 + 0.168 = 2.52 V 




   3


E = 2.35 - 0.0592  log  (0.85)3(1.2)  = 2.35 – 0.0128 = 2.34 V 

                       3
      (0.55)3

20.56 Question


A voltaic cell is constructed that is based on the following reaction:

Sn2+(aq) + Pb(s) (Sn(s) + Pb2+(aq)

(a) If the concentration of Sn2+ in the cathode compartment is 1.00 M and the cell generates an emf of +0.22 V, what is the concentration of Pb2+ in the anode compartment?  (b) If the anode compartment contains [SO42-] = 1.00 M in equilibrium with PbSo4(s), what is the Ksp of PbSO4?

20.56
Answer
(a)  Eo = -0.136 V – (-0.126 V) = -0.010 V; n = 2


0.22 = -0.010 – 0.0592  log  [Pb2+]  =  0.010 – 0.0592  log  [Pb2+]




      2            [Sn2+]                          2             1.00


log [Pb2+] = -0.23(2)  = - 7.770 = -7.8’ [Pb2+] = 1.7 x 10-8 = 2 x 10-8  M



         0.0592

(b)
For PbSO4(s), KSP = [Pb2+][SO42-] = (1.0)(1.7 x 10-8) = 1.7 x 10-8
Week 10
3
Applications of electrochemistry:  Cell membrane potentials 

& Corrosion.  Chemistry for the environment.  Divisions.  Carbon Cycle.

Module 14  CW  Complete:  20.8
Quiz 14


20.65
Question

During a period of discharge of a lead-acid battery, 435 g of Pb from the anode is converted into PbSO4(s).  What mass of PbO​2(s) is reduced at the cathode during this same period?


20.65
Answer


The overall cell reaction (equation [20.19]) is:


Pb(s) + PbO2(s) + 2H+(aq) + 2HSO4-(aq) ( 2PbSO4(s) + 2H2O(l)


435 g Pb x 1 mol Pb   x  1 mol PbO2  x  239.2 g PbO2  =  502 g PbO2

                           207.2 g Pb      1 mol Pb          l mol PbO2

20.72 Question
(a) Propose a role that atmospheric CO2(g) plays in the corrosion of iron.  (b) Based on standard reduction potentials, would you expect silver metal to oxidise in air and acidic water to form aqueous silver(l) ion?

20.72 Answer


(a) CO2(g) is a Lewis acid and produces an acidic aqueous solution.  Atmospheric CO2(g) maintains acidic conditions at the surface of the iron, encouraging corrosion.

(b)

O2(g) + 4H+ (aq) + 4e-  (  2H2O(l)


Ered = 1.23 V





4[Ag(s) (  Ag+(aq) + 1e-]

Ered = 0.799 V


_____________________________________________________________________


4 Ag(s) + O2(g) + 4H+(aq) (4Ag+(aq) + 2H2O(l)

Eo = 1.23 – 0.799 = 0.43 V

In acidic solution, the air oxidation of Ag(s) has a positive Eo value and is therefore spontaneous.

20.74
Question


An iron object is plated with a coating of cobalt to protect against corrosion. Does the cobalt protect iron by cathodic protection?  Explain.

20.74
Answer
No.  To afford cathodic protection, a metal must be more difficult to reduce (have a more negative reduction potential) than Fe2+.  E ored  Co2+ = -0.28 V, Ered Fe2+ = -0.44 V.

Week 11
3
Atmospheric chemistry;  troposphere NOx, smog, SO2 stratosphere – 

ozone, CFCs, ionsphere, pH and acid-base equilibrium.

Module 15  CW  Complete: ; 18.1-18.3, 4.3, 16.1-16.5 

Quiz 15

18.3
Question

From the data in table 18.1, calculate the partial pressures of carbon dioxide and argon when the total atmospheric pressure is 742 torr.

18.3 Answer
PAr = XAr = ˙Patmi PAr = 0.00934 (742 torr) = 6.93 torr 

PCO2 = XCO2  ˙Patmi  PCO2  =  0.000355 (742 torr)  =  0.2634 = 0.263 torr

18.4 Question
The concentration of ozone in Mexico City has been measured at 0.37 ppm.  Calculate the partial pressure of ozone at this concentration if the atmospheric pressure is 650 torr.


18.4
Answer
0.37 ppm O3 = 0.37 mol O3  =  3.7 x 10-7 = Xo3



1 x 106 mol air

Po3 = Xo3 ˙Patm = 3.7 x 10-7 (650 torr) = 2.4 x 10-4 torr

18.6
Question
The estimated average concentration of carbon monoxide in air in the United States in 1991 was 6.0 ppm.  Calculate the number of CO molecules in l.0L of this air at a pressure of 745 torr and a temperature of 17oC.

18.6
Answer

6.0 ppm Co =   _6.0 mol CO__  =  6.0 x 10-6  = XCO


1 x 106 mol air

Pco  = XCO ˙Patm = 6.0 x 10-6 x 745 torr x   1 atm  =  5.88 x 10-6  =  5.9 x 10-6 atm






        760 torr

nco = PCOV   =  5.88 x 10-6 atm x 1.0 L   x  __     K ˙mol         = 2.4715  x 10-7 = 2.5 x 10-7 mol CD

          RT
             290 K                     0.08206 L ˙atm

2.4715 x 10-7 mol CO x 6.022 x 1023 molecules  = 1.488 x 1017 = 1.5 x 1017 molecules CO





mol

18.8 Question


In CF3Cl the C-Cl bond-dissociation energy is 339 kj/mol.  In CCl4 the C-Cl bond-dissociation energy is 293 kj/mol.  What is the range of wavelengths of photons that can cause C-Cl bond rupture in one molecule but not in the other?

18.8 Answer
339 x 103J     x      _____ 1 mol_____      = 5.6294 x 10-19 = 5.63  x 10-19 J/molecule

   1 mol
   6.022 x 1023 molecules

? = hc  =  (6.626 x 10-34J˙sec) (3.00 x 108m/sec)  = 3.53 x 10-7m = 353 nm

       E                     5.6294 x 10-19
293 x 103J  x                  1 mol                           = 4.8655 x 10-19 = 4.87 x 10-19 J/molecule

                         6.022 x 1023 molecules

?  = (6.626 x 10-34 J ˙sec) (3.00 x 108m/sec)   = 4.09 10-7  m  = 409 nm



4.8655 x 10-19 J

Photons of wavelengths longer than 409 nm cannot cause rupture of the C-Cl bond in either CF3Cl or CCl4.  Photons with wavelengths between 409 and 353 nm can cause C-Cl bond rupture in CCl4, but not in CF3Cl.

18.25 Question


An important reaction in the formation of photo-chemical smog is the photodissociation of  NO2:



No2 + hv (  NO(g) + O(g)

The maximum wavelength of light that can cause this reaction is 420 nm.  (a) In what part of the electromagnetic spectrum is light with this wavelength found?  (b) What is the maximum strength of a bond, in kj/mol, that can be broken by absorption of a photon of 420 nm light?

18.25 Answer
(a) Visible (figure 6.4)

(b) Ephoton = hc/?  =  6.626 x 10-34 J˙5 x 3.00 x 108 m/s  
=  4.733 x 10-19
     420 x 10-9m

= 4.73 x 10-19


4.733 x 10-19J   x   6.022 x 1023  photons    x      l kj   
=  285 kj/mol


    1 photon
              1 mol                          1000J

4.20 Question
Classify each of the following as a strong or weak acid or base: (a)  H2CO3;  (b) Ca(OH)2;  (c) HBr;  (d) HC7 H5O2.

4.20 Answer
See table 4.2.  
(a)  weak acid

(b)  strong base
(c)  strong acid
(d) weak acid

4.26 Question
Classify each of the following aqueous solutions as a nonelectrolyte, weak electrolyte or strong electrolyte:  (a) HbrO;  (b) HNO3; (c) KOH;  (d) CoSO4;  (e) sucrose, C12H22Oll;  (f) O2.

4.26 Answer
(a)  HBrO:  weak
(b)  HNO3: strong
(c)  KOH:  strong

(d)  CoSO4:  strong
(e)  C12H22Oll:  non
(f)  O2:  non

16.8 Question
Designate the Bronsted-Lowry acid and the Bronsted-Lowry base on the left side of each equation, and also designate the conjugate acid and conjugate base on the right side:

(a)  HCHO2(aq) + H2O(l)  arrows
CHO2(aq) + H3O+ (aq)

(b)  HSO4-( aq) + CO32-( aq) arrows  SO42-( aq) HCO3-( aq)

(c)  H3O+( aq) + HPO4 2-(aq) arrows   H2PO4-(aq) + H2O(l)

16.8 Answer
	
	B-L acid
	+
	B-L base
	Arrows
	Conjugate acid
	+
	Conjugate base

	(a)
	HCHO2(aq)
	
	H2O(l)
	
	H3O+(aq)
	
	CHO2- (aq)

	(b)
	HSO4-(aq)
	
	CO32-(aq)
	
	HCO3(aq)
	
	SO42-(aq)

	(c)
	H3O+ (aq)
	
	HPO42-(aq)
	
	H2PO4-(aq)
	
	H2O(l)


16.16 Question
Predict the products of the following acid-base reactions, and also predict whether the equilibrium lies to the left or to the right of the equation:

(a) NH2-( aq)  +  H2O(l) 
 arrows

(b) HClO2(aq)  +  H2O(l)  
arrows

(c) H3O-( aq)  +  F-(aq)
arrows

16.16 Answer
Acid-base equilibria favour formation of the waker acid and base.  Compare the substances acting as acids on opposite sides of the equation.  (Bases can also be compared;  the conclusion should be the same.)

	
	Base
	+
	Acid
	Arrows
	Conjugate acid
	+
	Conjugate base

	(a)
	NH2-(aq)
	+
	H2O(l)
	
	NH3(aq)
	+
	OH-(aq)


H2O is a stronger acid than   HN3(Exercise 16.14), so the equilibrium lies to the right.

	(b)
	H2O(l)
	+
	HClO2(aq)
	
	H3O+(aq) 
	+
	ClO2-(aq)


H3O+ is a stronger acid than HClO2, so the equilibrium lies to the left

	(c)
	F-(aq)
	+
	H3O+(aq)
	
	HF(aq)
	+
	H2O(l)


H3O+ is a stronger acid than HF, so the equilibrium lies to the right.

16.20 Question
Calculate [OH-] for each of the following solutions and indicate whether the solution is acidic, basic, or neutral:;  (a) [H+] = 0.000.75 M;  (b)  [H+] = 5.5 x 10-7 M;  (c) a solution in which [H+] is two times greater than [OH-].

16.20 Answer
In pure water at 25oC, [H+] = [OH-] = 1 x 10-7 M.  If [OH-] > 1 x 10-7 M, the solution is basic.  If [OH-] < 1 x 10-7M, the solution is acidic.

(a) [OH-] = KW  =  1.0 x 10-14  =  1.3 x 1011M <1 x 10-7 M;  acidic

             [H+]      7.5 x 10-4M

 (b)
[OH-] = KW  =  1.0 x 10-14  =  1.8 x 10-8 M <1 x 10-7 M;  acidic

            5.5 x 10-7M

(c)
[H+] = 2[OH-]; KW = 2[OH-] = 2[OH-]2


[OH-] = Kw/2)1/2 = 7.1 x 10-8M < 1 x 10-7 M acidic

16.32 Question
Calculate the pH of each of the following strong acid solutions:  (a) 0.0035 M HNO3;  (b) 0.723 g of HClO4 in 0.500 L of solution;  (c) 5.00 mL of 1.00 M HC1 diluted to 0.200 L;  (d) a mixture formed by adding 25.0 mL of 0.020 M HCl to 30.0 mL of 0.010 M HI.

16.32 Answer
For a strong acid, which is completely ionised, [H+] = the initial acid concentration.

(a)  0.0035 M HNO3 = 0.0035 M H+;  pH = -log (0.0035) = 2.46

(b)  0.723 g HclO4   x    __1 mol HclO4_   =  0.001439 = 0.0144 M HClO4

       0.500 L soln           100.5 g HClO4


[H+] = 0.0144 M;  pH = -log (0.0144) = 1.842

(c)  Mc x Vc  =  Md  x  Vd  

1.00 M HCl X 5.00 mL HCl   =   MdHCl x 200 mL HCl

MdHCl = 1.00 M x 5.00 mL   =  0.0250 M HCl = 0.0250 MH+
                        200 mL         
pH = -log (0.0250) = 1.602

(d)  [H+]total  = mol H+ from HCl + mol H + from HI   =  mol = M x L

                                          total L solution

       [H+]total = (0.020 M HCl x 0.0250 L)  +  (0.010 M Hl  x  0.0300 L)




0.0550 L

      [H+]total  = 5.0 x 10-4 mol H+ + 3.0 x 10-4 mol H+  = 0.01455 = 0.015 M

                                               0.0550 L

      pH = -log (0.01455) = 1.84

16.34
Question
Calculate [OH-] and pH for each of the following strong base solutions:  (a) 0.0050 M KOH;  

(b) 2.055 g of KOH in 500.0 mL of solution;  (c) 10.0 mL of 0.250 M Ca(OH)2 diluted to 500.0 mL;  (d) a solution formed by mixing 10.0 mL of 0.015 M Ba(OH)2 with 30.0 mL of 7.5 x 10-3 M naOH.

16.34
Answer
For a strong base, which is completely dissociated, [OH-] = the initial base concentration.  Then, pOH = -log [OH-] and pH = 14 –pOH.  

(a) 
0.0050 M KOH = 0.0050 M OH-;  pOH = -log (0.0050) = 2.30;








pH = 14 – 1.30 = 11.70

(b) 
2.055 g KOH  x    _1 mol KOH_  = 0.073254 = 0.07325 M = [OH-]

                  0.5000 L
     56.106 g KOH


pOH = -log (0.073254) = 1.1352;  pH = 14 –pOH = 12.8648

(c)
Mc x Vc = Md x Vd

0.250 M Ca(OH)2 x 10.0mL = Md Ca(OH)2 x 500 mL


Md Ca(OH)2 = 0.250 M Ca(OH)2 x 10.0 mL  =  0.00500 M Ca(OH)2




     500.0 mL


Ca (OH)2(aq) ( Ca2+ (aq) + 2OH-(aq)


[OH-] = 2[Ca(OH)2] = 2(5.00 x 10-3 M) = 0.0100 M

pOH = -log (0.0100) = 2.000;  pH = 14 –pOH = 12.00


(d)
[OH-]total = mol OH- from Ba(OH)2 + mol OH- from NaOH





total L solution


(7.5 x 10-3 M x 0.0300 L) + 2(0.015 M x 0.0100 L)




0.0400 L


[OH-]total = 2.25 x 10-4 mol OH- + 3.0 x 10-4 mol OH-  =  0.0131 = 0.013 M OH





0.0400 L


pOH = -log (0.0131) = 1.88;  pH = 14 –pOH = 12.12
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16.42 Question
Phenylacetic acid, HC8H7O2, is one of the substances that accumulates in the blood of  persons with phenylketonuria, an inherited disorder that can cause mental retardation or even death.  A 0.085 M solution of this substance is found to have a pH of 2.68.  Calculate the Ka value for this acid.

16.42
Answer
HC8H7O2(aq)  arrows  H+(aq) + C8H7O2-(aq);  Ka = [H+][C8H7O2-]







   [HC8H7O2]

[H+] = [c8H7O2-]  =  10-2.68  =  2.09 x 10-3 = 2.1 x 10-3 = 2.1 x  10-3  M
[HC8H7O2] = 0.085 – 2.09 x 10-3 = 0.0829 = 0.083 M
Ka = (2.09 x 10-3)2  =  5.3 x 10-5

0.0829

16.50 Question

Determine the pH of each of the following solutions (Ka and Kb values are given in Appendix D);  

(a) 0.125 M hypochlorous acid;  (b) 0.0085 M phenol;  (c) 0.095 M hydroxylamine.

16.50 Answer
(a)

HOC1 (aq)   

arrows 

H+(aq)
   +
  OCl- (aq)


initial
0.125 M



   0
   
     0


equil
(0.125 – x) M



x M

   x M


Ka = [H+] [OCl-]  =           x2_____     =  ___  x2        
= 3.0 x 10-8

      
 [HOCl]
(0.125 – x)
        0.125    

x2 = 0.125 (3.0 x 10-8);  x = [H+] = 6.1 x 10-5 M, pH = 4.21

6.1 x 10-5 M H+_   x  100   =   0.049%  ionization;  the assumption is valid

 0.125 M HOCl


(b)
Ka  = [H+][C6H5O-]  =     _   x2    _      =    __ x2  _         =   1.3 x 10-10
[C6H5OH]
  (0.0085 – x)          0.0085 

x2 = 0.0085 (1.3 x 10-10);  x = [H+] = 1.1 x 10-6 M,  pH = 5.98

Clearly 1.1 x 10-6  H+ is small compared to 8.5 x 10-3 M C6H5OH, and the assumption 

is valid.


(c)


HONH2(aq)
+
H2O(l)

arrows

HONH3+(aq)
+   OH-(aq)

initial

0.095 M





     0

        0

equil

(0.095 – x) M





  x M

     x M


HONH3+][OH-]   =            x2            =             x2       =  1.1  x 10-8


        [HONH2]

(0.095 –x)
          0.095



x2 = 0.095 (1.1 x 10-8);  x = [OH-] = 3.2 x 10-5 M,  pH = 9.51


3.2 x 10-5 M OH-  x 100  = 0.034% ionization;  the assumption is valid.


0.095 M HONH2

16.52
Question

The active ingredient in aspirin is acetylsalicylic acid, HC9H7O4, a monoprotic acid with 
Ka  = 3.3 x l0-4 at 25oC.  What is the pH of a solution obtained by dissolving one aspirin tablet, containing 325 mg of acetylsalicylic acid, in 250 ml of water?


16.52
Answer

Calculate the initial concentration of HC9H7O4

325 mg  x    ___1g  ___  x  1 mol HC9H7O4__   =  0.001804  =  0.00180 mol HC9H7O4

l tablet
        1000 mg
         180.2 g HC9H7O4
0.001804 mol HC9H7O4  =  0.007214  =  0.0721 M HC9H7O4
        0.250 L


HC9H7O4
arrows

C9H7O4-  (aq)
+
H+(aq)

initial
0.0144 M


O M


 O M
equil
(0.0144 –x)


x M


 x  M

Ka = 3.3 x 10-4  =  [H+] [C7H9O4-]   =   _____x2______



          [HC9H7O4]
    (0.007214 – x)

Assuming x is small compared to 00.0144

x2  = 0.007214 (3.3 x 10-4);  x = [H+]  =  1.5 x 10-3 M
     1.5  x 10-3 M H+         x  100 = 21%  ionization;  the assumption is not valid.

7.2 x 10-3 M HC9H7O4

Using the quadratic formula, x2 + 3.3 x 10-4 x –2.38 x 10-6 =  0



        ________________________                                ________

x  = -3.3 x 10-4 +  ( 3.3 x 10-4)2 –4(1)(-2.38 x 10-6)  =  -3.3 x 10-4 +  (9.632 x 10-6                




    2(1)





2

x = 1.39 x 10-3 = 1.4 x 10-3 M H+;  pH  =  -log(1.39 x 10-3)  = 2.86


17.12
Question

(a) Calculate the pH of a buffer that is 0.100 M in NaHCO3 and 0.125 M in Na2CO3.  (b) Calculate the pH of a solution formed by mixing 55 mL of 0.20 M  NaHCO3 with 65 mL of 0.15 M Na2CO3.


17.12
Answer
Assume that % ionisation is small in these buffers (exercises 17.7 and 17.8).

(a)
The conjugate acid in this buffer if HCO3-, so use Ka2 for H2CO3, 5.6 x 10-11
Ka = [H+][CO32-]  ;  [H+]  =  Ka[HCO3-]  =  5.6 x 10-11(0.10)

       [HCO3-]


[CO32]

   (0.125)

[H+]  =  4.48 x 10-11 = 4.5 x 10-11 M;  pH  =  10.35


(b)
mol – M x L;  total volume = 120 mL  = 0.120 L

[H+]  =  Ka(0.20 M x 0.055 L)/0.120 L  =  5.6 x 10-11(0.20 x 0.055)


  (0.15 M x 0.065 L)/0.120 L

   (0.15 x 0.065)

[H+] = 6.32 x 10-11  =  6.3 x 10-11  M;  pH  = 10.20


17.20
Question  


A buffer, consisting of H2PO4-  and HPO42-, helps control the pH of physiological fluids. Many carbonated soft drinks also use this buffer system.. What is the pH of a soft drink in which the major buffer ingredients are 6.5 g of NaH2PO4 and 8.0 g of Na​2HPO4 per 355 mL of solution?


17.20 
Answer
6.5 g Na2HPO4   x   1 mol  NaH2PO4  =  0.153 = 0.15 M  

  0.355 L soln
         120 g NaH2PO4

8.0 g Na2HPO4   x   1 mol Na2HPO4   =   0.159 = 0.16 M 

  0.355 L soln
         142 g Na2HPO4   

Using equation [17.9] to find the pH of the buffer

PH = -log (6.2 x 10-8)  + log 0.159  =  7.2076  +  0.0167  =  7.22




          0.153             

18.28 Question
Account for the fact that increasing concentrations of Co2 in the atmosphere affect the quantity of energy leaving Earth but do not affect the quantity entering from the Sun.

18.28
Answer
Most of the energy entering the atmosphere from the sun is in the form of visible radiation, while most of the energy leaving the earth is in the form of infrared radiation.  CO2 is transparent to the incoming visible radiation, but absorbs the outgoing infrared radiation.

18.30
Question
Phosphorous is present in seawater to the extent of 0.07 ppm by mass.  If the phosphorous is present as phosphate, Po43-, calculate the corresponding molar concentration of phosphate.

18.30
Answer
If the phosphorous is present as phosphate, there is a 1:1 ratio between the molarity of phosphorous and molarity of phosphate.  Thus, we can calculate the molarity based on the given mass of P.

   0.07 gP            x     1 mol P   x  1 mol PO43-  x  1 x 103 g H2O   =  2.26 x 10-6

1 x 106 g H2O
           31 g P          1 mol P              l LH2O 









        =  2.3 x 10-6 M PO43-.

18.35 Question
The following organic anion is found in most detergents:



DIAGRAM HERE

Assume that the anion undergoes aerobic decomposition in the following manner:

2C=18H29SO3-(aq)  +  5102(aq)  (

36CO2(aq)  +  28H2O(l) +2H+(aq) + 2SO42-(aq)

What is the total mass of O2 required to biodegrade 1.0 g of this substance?

18.35 Answer
1.0 g  C18H29O3S-   x 1 mol C18H29O3S-  x      51 mol O2              x 32.0 g O2      = 2.5 g O2



              325 g C18H29O3S-       2 mol C18H29O3S-       1 mol O2
Notice that the mass of O2 required is 2.5 times grater than the mass of biodegradable material.

18.40 Question
The concentration of Ca2+ in a particular water supply is 5.7 x 10-3 M.  The concentration of bicarbonate ion, HCO​3- in the same water is 1.7 x 10-3 M.  What masses of Ca(OH)2 and Na2CO3 must be added to 5,0 x 107L of this water to reduce the level of Ca2+ to 20 percent of its original level?

18.40 Answer
Ca(OH)2 is added to remove Ca2+ as CaCO3(s), and Na2Co3 removes the remaining Ca2+.  Ca2+(aq) + 2HCO3-(aq) + [Ca2+(aq) + 2OH-(aq)] ( 2CaCO3(s)  +  2H2O(l).  One mole Ca(OH)2 is needed for each 2 moles of HCO3-(aq) present.

5.0 x 107 LH2O  x  1.7 x 10-3 mol HCO3-  x  1 mol Ca(OH)2  x   74 g Ca(OH)2




   l L H2O                   2 mol HCO3-
      1 mol Ca(OH)2








=  3.1 x 106 g Ca(OH)2
Half of the native HCO3- precipitates the added Ca2+ so this operation reduces the Ca2+ concentration from 5.7 x 10-3 M to (5.7 x 10-3 – 8.5 x 10 –4)  M  = 4.85 x 10-3 M.  Next we must add sufficient Na2CO3 to further reduce [Ca2+] to 1.1 x 10-3 M,  We thus need to reduce [Ca2+] by (4.85 x 10-3  -1.1 x 10-3) M = 3.75 x 10-3 M.  Ca2+(aq) + CO3-2(aq) ( CaCO3(s).

5.0 x 107 LH2O  x  3.75 x 10-3 mol Ca2+  x  1 mol Na2CO3  x     106 g NaCO3




   l L H2O                   1 mol Ca2+
      1 mol Na2CO3









=  2.0 x 107 g Na2CO3
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