
Chemistry2000Spring2001SectionB Assignment3
Solutions

1. A buffer is mosteffective whenthe target pH is closeto the pKa of the acid. The pKa of
hydrofluoricacid is 3.14soanHF/F

�
buffer would do nicely in at leastsomeapplications.

(HF andfluorideionsarequitetoxic at moderateconcentrationssotherearesomecontexts
in which thisbuffer wouldnot beappropriate.)

2. Thereareat leasttwo possiblereactionshere:

(a) H2PO
�
4 actsasanacidandHCO

�
3 actsasabase,or

(b) HCO
�
3 is theacidandH2PO

�
4 is thebase.

Let ustake thesetwo possibilitiesin turn:

acid H2PO
�
4 /base HCO

�
3 : Thereactionis foundby combiningthefollowing processes:

H2PO
�
4

� HPO2 �
4

�
H � Ka � 6 � 2 � 10

� 8

HCO
�
3
�

H2O � H2CO3
�

OH
�

Kb � 2 � 4 � 10
� 8

H2O � H � �
OH

�
Kw � 10

� 14

H2PO
�
4
�

HCO
�
3

� HPO2 �
4

�
H2CO3 K � KaKb

Kw � 0 � 15

This is not a particularlysmallequilibriumconstant,sowe might reason,on this basis
alone,that this reactionwould occur. We shouldhowever think aboutwhathappensif
wereversetherolesof thetwo speciesbeforewegiveourfinal answer(noreferenceto
Who Wants to be a Millionaire intended).

acid HCO
�
3 /base H2PO

�
4 : Bicarbonate(Ka � 4 � 8 � 10

� 11) is a much weaker acid than
H2PO

�
4 (Ka � 6 � 2 � 10

� 8). H2PO
�
4 (Kb � 1 � 3 � 10

� 12) is alsoa much weaker base
thanHCO

�
3 (Kb � 2 � 4 � 10

� 8). We could calculatethe equilibriumconstantfor this
reaction,but it’ s clearwhat the resultwould be: The reactionof HCO

�
3 actingasan

acid with the baseH2PO
�
4 will have a much smallerequilibrium constantthan the

previously consideredcase.Accordingly, we would predictthat this reactionwill not
occur.

Ourconclusionmustthereforebethatthereaction

H2PO
�
4
�

HCO
�
3

� HPO2 �
4

�
H2CO3

will occurwhenthetwo reactantsaremixed.Becauseof themoderatesizeof theequilibrium
constant,all four speciesappearingin thereactionwill bepresentin significantquantitiesat
equilibrium.
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3. HSO
�
4 is, at leastin principle,an amphotericspecies.However, the conjugateacid of the

hydrogensulfateanionis a strongacid (sulfuric acid)soHSO
�
4 will definitelynot actasa

base.Theaciddissociationis
HSO

�
4

� H � �
SO2 �

4

with

Ka �
�
aH �
	 � aSO2 �

4
	

aHSO�4
�

TheKa of this acid is 1 � 2 � 10
� 2 (Kotz & Treichel,4th ed.,Table17.4,p 799). This Ka is

certainlylargeenoughthatwe canignorethedissociationof water. Thus,aH � � aSO2 �
4

. In
fact,it is solargethata significantamountof theacidcanbeexpectedto dissociate.Weare
thereforegoingto have to work out thestoichiometryfrom a little table:

aHSO�4 aSO2 �
4

aH �
initial 0.0053 0 0
final 0 � 0053� x x x

Thuswehave

Ka � 1 � 2 � 10
� 2 � x2

0 � 0053� x
�

 x2 � 1 � 2 � 10
� 2 � 0 � 0053� x 	 � 0 � x2 �

1 � 2 � 10
� 2x � 6 � 36 � 10

� 5 �
 x � aH � � 0 � 0040 (usingthequadraticequation).

 pH � � log10aH � � 2 � 40�

4. Sulfuric acid is a strongacid so the first protonwill comeoff quantitatively. If it weren’t
for the secondproton,the pH would be about2.3. This is reasonablycloseto the pKa of
thesecondproton(1.9)sowe have to solve theequilibriumproblemfor thesecondproton.
Thetechniqueis verymuchasin thepreviousproblemexceptthatwehave0.0053mol/L of
protonsbeforethesecondprotonstartsto comeoff. Here,I’ ll taketheinitial stateto bewhat
wegetjustafterdissociationof thefirst proton:

aHSO�4 aSO2 �
4

aH �
initial 0.0053 0 0.0053
final 0 � 0053� x x 0 � 0053

�
x

Theequilibriumrelationnow reads

Ka � 1 � 2 � 10
� 2 � x

�
0 � 0053

�
x 	

0 � 0053� x
�
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 x
�
0 � 0053

�
x 	 � 1 � 2 � 10

� 2 � 0 � 0053� x 	 � 0 � x2 �
0 � 0173x � 6 � 36 � 10

� 5 �
 x � 0 � 0031 (usingthequadraticequation).

 aH � � 0 � 0053
�

x � 0 � 0084�
 pH � � log10aH � � 2 � 07�

5. If thepH of thebuffer is to be5, wewill have

aH � � 10
� pH � 10

� 5 �
ThepKa is 4.6sotheKa of thecationis

Ka � 10
� pKa � 2 � 5 � 10

� 5 �
�

�
aC6H5NH2 	

�
aH � 	

aC6H5NH �3
 aC6H5NH2

aC6H5NH �3
� Ka

aH � � 2 � 5 �

At thispoint it is convenientto switchto thinking in termsof thenumberof molessincewe
will ultimatelywantto calculatehow many molesof HCl weneed.Notethat

aC6H5NH2

aC6H5NH �3
�

�
C6H5NH2 ��� c ��
C6H5NH �3 ��� c � � nC6H5NH2 � V

nC6H5NH �3 � V
� nC6H5NH2

nC6H5NH �3
sowewant nC6H5NH2

nC6H5NH �3
� 2 � 5 � (1)

The solutioninitially containsa total of (0.2mol/L)(1L) = 0.2mol aniline. Reactionwith
HCl only convertsthis to thecation,sothereis aconservationlaw:

nC6H5NH2

�
nC6H5NH �3 � 0 � 2mol � (2)

We now have two equations(1 and2) in the two molenumbersso we cansolve for these
quantities:

nC6H5NH2 � 2 � 5nC6H5NH �3 �
 0 � 2mol � 2 � 5nC6H5NH �3

�
nC6H5NH �3 �

 nC6H5NH �3 � 0 � 057mol

andnC6H5NH2 � 0 � 2 � 0 � 057mol � 0 � 143mol �
For eachmoleof C6H5NH �3 to beproduced,we needonemoleof hydrogenions. TheHCl
solutionmustthereforeprovide0.057mol of H � . Thevolumeof HCl requiredis therefore

VHCl � 0 � 057mol
5mol� L � 0 � 011L � 11mL �
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