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CHAPTER 17 ANSWERS – ACIDS & BASES


------------------------------------------------------------------------------------------------------------------------------------------------------------------

NUMERICAL ANSWERS TO ASSIGNED TUTORIAL PROBLEM SETS FOR CHEM206

FROM KOTZ & TREICHEL'S CHEMISTRY & CHEMICAL REACTIVITY




------------------------------------------------------------------------------------------------------------------------------------------------------------------


NOTE:  the answers from Ch.17 have not been verified 

Ch.
Q#
Answer
 
Units

SFs
Comments
------------------------------------------------------------------------------------------------------------------------------------------------------------------
17
2





An amphoteric species can act as both an acid & a base.








e.g., many metal hydroxides:  as Lewis acid when accepting








a lone pair of e-s from OH- to form a water-soluble ion; and as








a Brønsted base when reacting with a Brønsted acid to form H2O

17
8





Dissolved CO2 gas (mainly) or dissolved metal ions can cause 







bottled water to be slightly acidic


17
11a





NH4+ ammonium ion


11b





H2CO3 carbonic acid


11c





HBr hydrobromic acid

17
13a





HClO4 +    H2O  ( H3O+ 
    + ClO4-







acid A
  base B    conj.acid of B    conj.base of A


13b





NH4+ +    H2O         ( NH3 
    + H3O+







acid A
  base B    conj.base of A    conj.acid of B


13c





HCO3- +    H2O         ( CO32- 
    + H3O+







acid A
  base B    conj.base of A    conj.acid of B

17
17





Brønsted acid
Brønsted base
conjugate base
conjugate acid



17a





CH3CO2H
C5H5N

CH3CO2-
C5H5NH+

17b





HSO4-

N2H4

SO42-

N2H5+

17c





[Al(H2O)6]3+
OH-

[Al(H2O)5(OH)]2+   H2O


17
19
3.3x10-4

M

2
= [OH-] …the solution is basic (pH >7)
17
25a





HF strongest acid (largest Ka); HPO42- weakest (smallest Ka)


25b





F- 


25c





strongest acid (HF) has weakest conjugate base


25d





weakest acid (HPO42-) has strongest conjugate base

17
31a





NaNO3 ( no effect on pH.  Neither ion is acidic or basic.


31b





NaC7H5O2 ( basic solution.  Na+ has no effect on pH,








but C7H5O2- is conjugate base of weak acid HC7H5O2







so deprotonates water to some degree & makes soln basic

31c





Na2HPO4 ( basic solution.  Na+ has no effect on pH,








but HPO42- is conjugate base of weak acid H2PO4







so deprotonates water to some degree & makes soln basic

17
37





acetic acid pKa = -log(1.8x10-5) = 4.74.  Acid with smaller








pKa is stronger (larger Ka).  Thus, chloroacetic acid is stronger.

17
41





Ka = 10-pKa = 1.1x10-4.   Kb = Kw/Ka = 6.3x10-5 

17
45a





H2S stronger acid than HCO3-; thus, eqm lies to right.


45b





HSO4- stronger acid than HCN; thus eqm lies to left


45c





HSO4- stronger acid than CH3CO2H; eqm lies to left

17 
47a





H3O+(aq) + OCl-(aq) 
[image: image1.wmf] H2O(l) + HOCl(aq)


47b





solution should be acidic because the significant species








remaining in the solution upon completion of the reaction








is HOCl, a weak acid.

17
51





Given eqm pH data:  [H3O+] = 10-pH = 0.011M = [ClCH2Cl2-]







sub into K expression:   find Ka = 1x10-3.   

17
55a





[H3O+] = 10-pH = 8.1x10-11 M








[OH-] = Kw / [H3O+] = 1.2x10-4 M


55b





Kb = 1.0x10-6, calculated using equilibrium treatment…







this is a moderately weak base.

17
59





initial [C6H5OH] = 0.0166 M; use Ka & ICE table…








can use approximation OR quadratic formula to solve for x








x = 1.47x10-6 M = [C6H5O-] = [H3O+]  ( pH = 5.83  (2SF in Ka)
17
61





use Ka &ICE table…but approximation is NOT valid (K is too big)







use quadratic formula (  x = 8.4x10-3 M = [BH+] = [OH-]








thus:  eqm [B] = 0.15 – x = 0.14 M

17
65





[F-] = [H3O+] = 10-2.3 = 0.0050 M at eqm







use Ka & ICE table… solve for x = [HF] = 0.035 M








thus:  initial [HF] = 0.035 M + 0.0050 M = 0.040 M

17
69





Find Kb = Kw / Ka = 7.7x10-10








Use ICE table & Kb…approximation ok…








( x = [CH3CH2CO2H] = [OH-] = 8.8x10-6 M 








pH = 14 - pOH = 8.94    (     [H3O+] = 1.1x10-9 M

17
73a





pH = 7; reacted equimolar amounts of strong acid & strong base 

73b





pH > 7; predominant ion in soln will be HCO2-, a weak base

73c





pH < 7; predominant ion in soln will be C2O42-, a weak base

17
75





pH will be determined by the first ionization of the acid








use Ka1 and ICE table for loss of first proton only








can use approximation…( x = [H3O+] = 1.4x10-3 M ( pH = 2.86

17
79a





BCl3 is a Lewis acid


79b





H2NNH2 is a Lewis base


79c





Ag+ is a Lewis acid, NH3 is a Lewis base

17
85





Ethylenediamine can act as a proton acceptor (Brønsted base)








and as an electron pair donor (Lewis base)

17
87a





NH4+ might lead to an acidic soln; CO32- & S2- might lead to a 








basic solution in water


87b





Br- and ClO4- have no effect on the pH of a solution


87c





S2- is the strongest base


87d





CO32-(aq) + H2O(l)  
[image: image2.wmf]  HCO3-(aq) + OH-(aq)








S2-(aq) + H2O(l) 
[image: image3.wmf] HS-(aq) + OH-(aq)

17
93





Calculate [OH-] = 0.013 M; pOH = 1.87 ( pOH = 12.13

17
95a





Kb = Kw / Ka = 4.3x10-4 


95b





The acid is placed directly below Ni(H2O)62+.  HPO42- is a 








weaker acid than C4H9NH3+.  PO43- is a stronger base 








than C4H9NH2.

17
101





Find Ka = 4.8x10-3 from pKa ( thus Kb = 2.1x10-12







Use Kb and ICE table, & approximation… 








( x = [OH-] = 4.6x10-7 M  (  pH = 14 – pOH = 7.66

17
103i





(d) and (e) are acidic solutions


103ii





(a), (b) and (f) are basic solutions


103iii





(d) CH3CO2H is a stronger acid than NH4+
17
105





use pH to find [C6H4NO2+] = [H3O+] = 2.0x10-3 M








and initial [C6H5NO2] = 0.14 M calculated from data








use ICE table & sub into Ka expression ( Ka = 3.0x10-5     
17
107





pH determined by first ionization of base (polyprotic…)








Use Kb1 & ICE table for accepting 1st proton...approximation ok








( x = [OH-] = 1.2x10-4 M  (  pH = 14 – pOH = 10.07

17
111a





For a set of sequential eqm reactions, add up the rxn equations








but multiply their eqm constants 








eqm 1:  rxn of NH4+ with H2O ( K1 = Kw / Kb







eqm 2:  rxn of CN- with H2O  (  K2 = Kw / Ka







eqm 3:  rxn of H3O+ with OH- (  K3 = 1/Kw











( overall Ktotal = K1K2K3 = Kw / (KaKb)


111b





Can write K expressions for eqm 1 & rearrange to isolate [H3O+]








use the value of K1 from above, ie  Kw / Kb







Can do same for eqm 2…then multiply the 2 to yield [H3O+]2







In any solution of NH4CN, [NH4+] = [CN-] and [HCN] = [NH3]








So, simplify your expression so things cancel out….








Get:  [H3O+]2 = KwKa / Kb (  [H3O+] = sq-root(KwKa/Kb)


111c





Sub in values of Ka, Kb, Kw & solve:  [H3O+] = 4.7x10-10M









( pH = 9.33
_1105170193.bin

