Chemistry2000BSpring2002Assignment3 Solutions

1. Wefirst haveto find the equivalencepoint:
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Whenhalf theacidhasbeenneutralizedthe pH equalshe pK,. Sincetheequvalencepoint
isat18mL, the pKj is the pH at9 mL of hydroxidesolutionadded.Fromthegraph,wefind
pKa =~ 4.8.
Ko = 1048=158x10"°.

2. Theweakbasenitrite will reactwith the strongacidstoichiometrically:
NO, +H" — HNO..
We mustdeterminewvhich reagenis in excess.

o — MNaNo, _ 3.759
NO; MNaNQ 68.9953g/mo|
ny+ = (0.85mol/L)(0.065L) = 0.0553mol.

= 0.0544mol.

Thehydrogerionsarein excessby 8.98 x 10-*mol. Normallyin theseproblemstheexcess
protonsdeterminehe pH. In otherwords,we ignorethe dissociatiorof the acid. If we can
dothis, theconcentratiorof HT in solutionis just

8.98x 10~*mol

_|_
H] 0.065L

= 1.38x 10~2mol/L.
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Is it legitimateto ignorethedissociatiorof theacid?The K, expressiorfor nitrousacidis

(ano; ) (@)
Ka= —%——
AHNO,

or
Mo, _ Ka
8HNO, A+

Assumingthatay+ is approximatelyl.38 x 10-2 (ascalculatedabore), we have

8o, 45x10°*

_ =0.033
aino, 1.38x10°2

In otherwords, about3% of the nitrousacid formedwill dissociate.The concentratiorof

nitrousacid,againneglectingdissociationjs 0.0544mol/0.065L = 0.84mol/L sodissocia-
tion of the acidwould productabout0.027mol/L of additionalprotons.Thisis bigger than
the numberof excessprotons,so we cant really neglectthis. Therearetwo waysto deal
with this problem,both of which revolve aroundthe K, expression:

(a) Go backto the beginning. Theinitial concentrationsf H™ andof nitrite are,respec-
tively, 0.85mol/L and0.0544mol/0.065L = 0.836mol/L.

ap+ aNOE aHNO,
Initial 0.85 0.836 0
Change| —x —X X
Final 0.85—x 0.836—x X

Therefore,

) (@n+) _ _

Ky — 45x104— (@no, _ (0.836-x)(0.85-x)
AHNO, X

S 45x10 % = 0.711- 1.686x+ X°.

x? — 1.687x+0.711

S.X = 0.8640r0.823

o
I

The secondsolutionhasto betheright one,otherwisethe concentrationsf H™ andof
NO; turnoutnegative. We thereforehave

ag+ = 0.85—-0.823=0.0273
S.pH = 1.56.

(b) The other approachis to assumethat the reactiongoesto completion,and thento
calculatehow much dissociationoccurs“after” that. Of course,it doesnt actually
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happenthat way, but it works just aswell from the point of view of calculatingthe
concentrationsit equilibrium. In this case we would take [H*] = 1.38 x 10 2mol/L
and[HNO,] = 0.836mol/L (the concentratiorgeneratedy the reactionif it goesto
completion).Thenourtableis

ay+ ano;, aHNO,
Initial 1.38x 102 0 0.836
Change X X —X

Final 1.38x102+x x 0.836—x

(Bnoy) (@H+)  x(1.38x 1072+X)
" amo,  0836-x
. 45%x1074(0.836—x) = x(1.38x1072+X).
X% 4+1.43%x 10 ?x—3.76 x 1074,
X = —2.78x10720r1.35x 1072,

Ky = 45x10*

Again, the secondsolutionis the correctone. It follows that ay+ = 1.38x 102+
1.35x 10 2= 2.74x 10 2, sothatthe pH is 1.56.

3. Thesodiumnitrateis irrelevant' sincenitrateis the conjugatebaseof a strongacid. Accord-

ingly,
pH = —log;gan+ = —109,4(0.85) = 0.07.

4. Thetitrationused
Nor- = (1.43mol/L)(94.40x 1073L) = 0.135mol.

At theequialence point, noy- = Nacig- Themolarmassof theacidis therefore

10.05
M — g

= 5.13Bmol — 74.4g/mol.

5. (a) TheKg of theammoniumionis 5.6 x 1019, Sincewe wantthe pH to be9, theactivity
of thehydrogerion will beay+ = 10~°. We cancalculatethedesiredratio of ammonia
andammonium:

K. — (@nmg)(an)
a — .
aNH
S Ka 5% 1(310 —0.56,
aNH4+ ap+ 10~

1Therecanbe a small effect sincesolutesin generalchangethe volume of the solution, but this is an extremely
smalleffect.



Supposdhatwe take 1L of the ammoniasolution. This would contain0.0435mol of
ammonia. Sincethe ratio of the actvities is the sameasthe ratio of the numberof

moles,we want
NNH; 0.0435mol

N+ = =
NHz ™ 0.56 0.56
From the numberof molesof ammonium,we can calculatethe massof ammonium
chloriderequired:

=0.0777mol.

MyH,cl = (0.0777mol) (53.4910g/mol) = 4.16g.

The procedurdor makingour buffer is thereforeasfollows:

i. Measurel L of theammoniasolution.
ii. Dissolwe4.16g of ammoniumchlorideinto theammoniasolution.
iii. Adjustthe pH with HCI or ammoniasolution,asappropriate.

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

NnH; = (0.0435mol/L)(0.050L) = 2.175x 10~3mol.
My = (0.0777mol/L)(0.050L) = 3.884x 10~°mol.

5mL of 0.20mol/L sodiumhydroxidesolutioncontains
Nor- = (0.005L)(0.20mol/L) = 1.0 x 10 3mol,
The hydroxidewill reactwith theammonium:
NH; +OH~ — NH3+H0.
Thefinal numbersof ammoniumandof hydroxideionsafterreactionaretherefore

NMNH; = 2.175x 1034 1.0x 10~3mol = 3.175x 10~3mol.
Myy; = 3.884x10 °mol—1.0x 10 °mol= 2.884x 10 °mol.

ButsinceK, = M,
ANH
aNH;
= K 4
i aaNHg
2.884x 103mol
= (56x10710) 175i 1&32; — 5.09% 10720,
~pH = —logjpay+ =9.29.

6. HoPQ, andHCO; arebothamphoterispeciesThe questionwe mustfirst askoursehesis
which oneis the strongesbaseandwhich the strongestaicid?We look up thesetwo species
in thetableof ionizationconstantgtable17.4)in thetextbook. We find thefollowing:
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| H2PQ, HCO;
Ka| 6.2x10°% 48x10 11
Kp | 1.3x10°12 24x108

HoPQ; is thestrongesacid(largestK,) andHCO; is the strongesbase(largestKy). Thus,
in thefirst, instancewe might seethesetwo speciegeacttogether To analyzethis reaction,
we considertherelevantionizationreactions:

HoPO;, — HPOf +HT K =62x10"8
HCO; +H,0 — H,CO34+OH™  K;=24x108
HF +OH- — H,0 K3 = 1/Ky =10
H.PG, + HCO; — HPO?[ +H2CO3 K =K;1KoK3=0.149
We now have the overall reactionandits equilibrium constant.Therestis a standarcequi-
librium problem,give or take thatwe needto take the dilution on mixing the two solutions
into account.nitially, we have
ciVi _ (0.043mol/L)(15mL)
o 15+ 25mL

(0.54mol/L)(25mL)
20mL = 0.338mol/L.

We cannow constructhe following table:

[HoPO,] =

= 0.0161mol/L.

[HCO3]

| H,POp  HCO; HPG;™ HoCOs

Initial 0.0161 0.338 0 0
Change —X —X X X
Final 0.0161-x 0.338—x X X

Theequilibriumconditionis therefore

(Bypcz- ) (H,cos) X2
K = 0.149= (@mpo) (Brco;) ~ (0.0161—x)(0.338—x)’

- X% = 0.1490.0161— x)(0.338—X)
= 0.1495.44x 1073 — 0.354x+ x?)
= 8.10x 10°*— 0.0526¢+ 0.149¢.
.0 = 0.851x°+0.0526¢<—8.10x 10~ .
—0.0526+ +/(0.05262— 4(0.851)(—8.10x 10-%)

SX= 2(0.851) =0.0128
~[HPGZ] = [H2COs] = 0.0128mol/L,
[H:PO;] = 0.0161—0.0128mol/L = 0.0034mol/L,
and[HCO;] = 0.338— 0.0128mol/L = 0.325mol/L.



