
Chemistry2000BSpring2002Assignment3 Solutions

1. Wefirst have to find theequivalencepoint:
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Whenhalf theacidhasbeenneutralized,thepH equalsthe pKa. Sincetheequivalencepoint
is at18mL, the pKa is the pH at9mL of hydroxidesolutionadded.Fromthegraph,wefind

pKa
� 4 � 8 �� Ka � 10� 4 � 8 � 1 � 58 � 10� 5 �

2. Theweakbasenitrite will reactwith thestrongacidstoichiometrically:

NO �2 � H
�
	

HNO2 �
Wemustdeterminewhich reagentis in excess.

nNO�2 � mNaNO2

MNaNO2
� 3 � 75g

68� 9953g� mol � 0 � 0544mol �
nH 
 � � 0 � 85mol� L � � 0 � 065L � � 0 � 0553mol �

Thehydrogenionsarein excessby 8 � 98 � 10� 4mol. Normally in theseproblems,theexcess
protonsdeterminethe pH. In otherwords,we ignorethedissociationof theacid. If we can
do this, theconcentrationof H

�
in solutionis just

�
H
��� � 8 � 98 � 10� 4mol

0 � 065L � 1 � 38 � 10� 2mol� L �
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Is it legitimateto ignorethedissociationof theacid?TheKa expressionfor nitrousacidis

Ka � � aNO�2 � � aH 
 �
aHNO2

or aNO�2
aHNO2

� Ka

aH 
 �
AssumingthataH 
 is approximately1 � 38 � 10� 2 (ascalculatedabove),wehave

aNO �2
aHNO2

� 4 � 5 � 10� 4

1 � 38 � 10� 2 � 0 � 033�
In otherwords,about3% of the nitrousacid formedwill dissociate.The concentrationof
nitrousacid,againneglectingdissociation,is 0 � 0544mol� 0 � 065L � 0 � 84mol� L sodissocia-
tion of theacidwould productabout0 � 027mol� L of additionalprotons.This is bigger than
the numberof excessprotons,so we can’t really neglect this. Therearetwo waysto deal
with this problem,bothof which revolvearoundtheKa expression:

(a) Go backto thebeginning. The initial concentrationsof H
�

andof nitrite are,respec-
tively, 0.85mol/L and0 � 0544mol� 0 � 065L � 0 � 836mol� L.

aH 
 aNO�2 aHNO2

Initial 0.85 0.836 0
Change � x � x x
Final 0 � 85 � x 0 � 836 � x x

Therefore,

Ka � 4 � 5 � 10� 4 � � aNO�2 � � aH 
 �
aHNO2

� � 0 � 836 � x � � 0 � 85 � x �
x

�
� 4 � 5 � 10� 4x � 0 � 711 � 1 � 686x

�
x2 �� 0 � x2 � 1 � 687x

�
0 � 711�� x � 0 � 864or 0 � 823�

Thesecondsolutionhasto betheright one,otherwisetheconcentrationsof H
�

andof
NO �2 turn outnegative. We thereforehave

aH 
 � 0 � 85 � 0 � 823 � 0 � 0273�� pH � 1 � 56�
(b) The other approachis to assumethat the reactiongoesto completion,and then to

calculatehow much dissociationoccurs“after” that. Of course,it doesn’t actually
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happenthat way, but it works just aswell from the point of view of calculatingthe
concentrationsat equilibrium. In this case,we would take

�
H
� � � 1 � 38 � 10� 2mol� L

and
�
HNO2

� � 0 � 836mol� L (the concentrationgeneratedby the reactionif it goesto
completion).Thenour tableis

aH 
 aNO�2 aHNO2

Initial 1 � 38 � 10� 2 0 0.836
Change x x � x
Final 1 � 38 � 10� 2 � x x 0 � 836 � x

� Ka � 4 � 5 � 10� 4 � � aNO �2 � � aH 
 �
aHNO2

� x � 1 � 38 � 10� 2 � x �
0 � 836 � x

�
� 4 � 5 � 10� 4 � 0 � 836 � x � � x � 1 � 38 � 10� 2 � x ���� 0 � x2 � 1 � 43 � 10� 2x � 3 � 76 � 10� 4 �� x � � 2 � 78 � 10� 2 or 1 � 35 � 10� 2 �

Again, the secondsolution is the correctone. It follows that aH 
 � 1 � 38 � 10� 2 �
1 � 35 � 10� 2 � 2 � 74 � 10� 2, sothatthe pH is 1.56.

3. Thesodiumnitrateis irrelevant1 sincenitrateis theconjugatebaseof astrongacid.Accord-
ingly,

pH � � log10aH 
 � � log10 � 0 � 85� � 0 � 07�
4. Thetitrationused

nOH� ��� 1 � 43mol� L � � 94� 40 � 10� 3L � � 0 � 135mol �
At theequivalence,point,nOH � � nacid. Themolarmassof theacidis therefore

M � 10� 05g
0 � 135mol � 74� 4g� mol �

5. (a) TheKa of theammoniumion is 5 � 6 � 10� 10. SincewewantthepH to be9, theactivity
of thehydrogenion will beaH 
 � 10� 9. Wecancalculatethedesiredratioof ammonia
andammonium:

Ka � � aNH3 � � aH 
 �
aNH 
4

�
� aNH3

aNH 
4 � Ka

aH 
 �
5 � 6 � 10� 10

10� 9 � 0 � 56�
1Therecanbe a small effect sincesolutesin generalchangethe volumeof the solution,but this is an extremely

smalleffect.
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Supposethatwe take 1L of theammoniasolution. This would contain0.0435mol of
ammonia. Sincethe ratio of the activities is the sameas the ratio of the numberof
moles,wewant

nNH 
4 �
nNH3

0 � 56 �
0 � 0435mol

0 � 56 � 0 � 0777mol �
From the numberof molesof ammonium,we cancalculatethe massof ammonium
chloriderequired:

mNH4Cl ��� 0 � 0777mol� � 53� 4910g� mol� � 4 � 16g �
Theprocedurefor makingour buffer is thereforeasfollows:

i. Measure1L of theammoniasolution.
ii. Dissolve4.16g of ammoniumchlorideinto theammoniasolution.

iii. Adjust the pH with HCl or ammoniasolution,asappropriate.

(b) Thebuffer solutioncontains0.0435mol/L ammoniaand0.0777mol/L ammoniumion.
50mL of this solutionthereforecontains

nNH3 � � 0 � 0435mol� L � � 0 � 050L � � 2 � 175 � 10� 3mol �
nNH 
4 � � 0 � 0777mol� L � � 0 � 050L � � 3 � 884 � 10� 3mol �

5mL of 0.20mol/L sodiumhydroxidesolutioncontains

nOH � ��� 0 � 005L � � 0 � 20mol� L � � 1 � 0 � 10� 3mol �
Thehydroxidewill reactwith theammonium:

NH �4 � OH � 	 NH3
�

H2O �
Thefinal numbersof ammoniumandof hydroxideionsafterreactionaretherefore

nNH3 � 2 � 175 � 10� 3 � 1 � 0 � 10� 3mol � 3 � 175 � 10� 3mol �
nNH 
4 � 3 � 884 � 10� 3mol � 1 � 0 � 10� 3mol � 2 � 884 � 10� 3mol �

But sinceKa � � aNH3 � � aH 
 �
aNH 
4

�

aH 
 � Ka

aNH 
4
aNH3

� � 5 � 6 � 10� 10� 2 � 884 � 10� 3mol
3 � 175 � 10� 3mol � 5 � 09 � 10� 10 �

� pH � � log10aH 
 � 9 � 29�
6. H2PO�4 andHCO�3 arebothamphotericspecies.Thequestionwemustfirst askourselvesis

which oneis thestrongestbaseandwhich thestrongestacid?We look up thesetwo species
in thetableof ionizationconstants(table17.4)in thetextbook.Wefind thefollowing:
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H2PO�4 HCO�3
Ka 6 � 2 � 10� 8 4 � 8 � 10� 11

Kb 1 � 3 � 10� 12 2 � 4 � 10� 8

H2PO�4 is thestrongestacid(largestKa) andHCO�3 is thestrongestbase(largestKb). Thus,
in thefirst, instance,wemightseethesetwo speciesreacttogether. To analyzethis reaction,
weconsidertherelevantionizationreactions:

H2PO�4
	

HPO2 �4 �
H
�

K1 � 6 � 2 � 10� 8

HCO�3 � H2O
	

H2CO3
�

OH � K2 � 2 � 4 � 10� 8

H
� �

OH � 	
H2O K3 � 1� Kw � 1014

H2PO�4 � HCO�3
	

HPO2 �4 �
H2CO3 K � K1K2K3 � 0 � 149�

We now have theoverall reactionandits equilibriumconstant.Therestis a standardequi-
librium problem,give or take thatwe needto take thedilution on mixing thetwo solutions
into account.Initially, wehave

�
H2PO�4

� � c1V1

c2
� � 0 � 043mol� L � � 15mL �

15
�

25mL � 0 � 0161mol� L �
�
HCO�3

� � � 0 � 54mol� L � � 25mL �
40mL � 0 � 338mol� L �

Wecannow constructthefollowing table:

H2PO�4 HCO�3 HPO2 �4 H2CO3

Initial 0.0161 0.338 0 0
Change � x � x x x
Final 0 � 0161 � x 0 � 338 � x x x

Theequilibriumconditionis therefore

K � 0 � 149 � �
aHPO2 �4 � � aH2CO3 �
� aH2PO�4 � � aHCO�3 � �

x2

� 0 � 0161� x � � 0 � 338 � x � �
� x2 � 0 � 149� 0 � 0161 � x � � 0 � 338 � x �

� 0 � 149� 5 � 44 � 10� 3 � 0 � 354x
�

x2 �
� 8 � 10 � 10� 4 � 0 � 0526x

�
0 � 149x2 �� 0 � 0 � 851x2 � 0 � 0526x � 8 � 10 � 10� 4 �

� x � � 0 � 0526
��� � 0 � 0526� 2 � 4 � 0 � 851� � � 8 � 10 � 10� 4 �

2 � 0 � 851� � 0 � 0128�
� �HPO2 �4

� � �
H2CO3

� � 0 � 0128mol� L ��
H2PO�4

� � 0 � 0161� 0 � 0128mol� L � 0 � 0034mol� L �
and

�
HCO�3

� � 0 � 338 � 0 � 0128mol� L � 0 � 325mol� L �
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