Chemistry2000Spring2001SectionB AssignmenB
Solutions

1. A buffer is mosteffective whenthe target pH is closeto the pK; of the acid. The pK; of
hydrofluoricacidis 3.14soanHF/F~ buffer would do nicely in atleastsomeapplications.
(HF andfluorideionsarequitetoxic at moderateconcentrationsotherearesomecontexts
in which this buffer would not be appropriate.)

2. Thereareatleasttwo possiblereactionshere:

(a) HoPQ, actsasanacidandHCO; actsasabasepor
(b) HCGOy; istheacidandH,PQ, is thebase.

Let ustake thesetwo possibilitiesin turn:

acid H,PO, /base HCO3': Thereactionis foundby combiningthefollowing processes:

HoPO; = HPO, +H* Ka=6.2x 1078
HCO; +H20 = HaCO3+ OH™ Kp=24x108
H,O = H + OH"~ Ky =10"1%

H2PO, +HCO; = HPQ) +H,COs K= —0.15

Thisis nota particularlysmallequilibriumconstantsowe mightreasonpn this basis
alone,thatthis reactionwould occur We shouldhowever think aboutwhathappensf
we reversetherolesof thetwo speciedbeforewe give our final answer(no referenceo
Who Wants to be a Millionaireintended).

acid HCO3 /base H,PO} : Bicarbonate(Ka = 4.8 x 10 1) is a much wealer acid than
HoPO, (Ka=6.2x 1078). H,PO, (Kp = 1.3 x 10-1?) is alsoa much wealer base
thanHCO; (Kp = 2.4 x 10-8). We could calculatethe equilibrium constantfor this
reaction,but it’s clearwhat the resultwould be: The reactionof HCO; actingasan
acid with the baseH,PQ, will have a much smallerequilibrium constantthan the
previously consideredcase.Accordingly we would predictthatthis reactionwill not
occur

Our conclusiommustthereforebethatthereaction
HoPO; +HCO; = HPO;™ +H,CO;3

will occurwhenthetwo reactantaremixed. Becaus@f themoderatesizeof theequilibrium
constantall four speciesppearingn thereactionwill be presentn significantquantitiesat
equilibrium.



3. HSQ; s, atleastin principle, an amphotericspecies.However, the conjugateacid of the
hydrogensulfateanionis a strongacid (sulfuric acid) soHSQ, will definitelynotactasa
base.Theaciddissociations

HSO, = HT +S0;~
with

o (E)@sg)
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TheKj, of this acidis 1.2 x 102 (Kotz & Treichel,4th ed., Table17.4,p 799). This Ky is
certainlylarge enoughthatwe canignorethe dissociatiorof water Thus,aq+ = asog—- In
fact,it is solargethata significantamountof theacid canbe expectedo dissociate\We are
thereforegoingto have to work out the stoichiometryfrom alittle table:

so; | @s@- | A
initial 0.0053 0 0
final | 0.0053— x X X

Thuswe have

2

X
K, = 12x102=__~
a % 0.0053— x

~X% = 1.2x1072(0.0053—x).
X2 +1.2%x 10 %x—6.36x 10°°.

X aq+ = 0.0040 (usingthe quadraticequation).
S.pH = —logjgay+ = 2.40.

4. Sulfuric acidis a strongacid so the first protonwill comeoff quantitatvely. If it werent
for the secondproton, the pH would be about2.3. This is reasonablycloseto the pK, of
the secondoroton(1.9) sowe have to solve the equilibriumproblemfor the secondoroton.
Thetechniques very muchasin the previousproblemexceptthatwe have 0.0053mol/L of
protonsbeforethe secondorotonstartsto comeoff. Here,I' Il take theinitial stateto bewhat
we getjust afterdissociatiorof thefirst proton:

Aso, | Bsap A+
initial 0.0053 0 0.0053
final | 0.0053— x X 0.0053+x

Theequilibriumrelationnow reads

X(0.0053+ x)

— —2 _
Ka = 12x10“= 0.0053—x -



-.X(0.0053+x) = 1.2x107%(0.0053—Xx).
-0 x> +0.0173%— 6.36 x 107°.
S.x = 0.0031 (usingthe quadraticequation).
- 0.0053+ x = 0.0084
S.pH = —logjpaq+ = 2.07.

5. If thepH of thebufferis to be5, we will have
aq+ =10 PH=10"°.
ThepK, is 4.6 sothe K, of thecationis
Ka = 10PXa=25x107°.
(csHsNH) (@)
AcHsNHT
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At this pointit is corvenientto switchto thinking in termsof the numberof molessincewe
will ultimatelywantto calculatehow mary molesof HCl we need.Notethat

aCeHsNH, _ [CeHsNH2]/C®  NogHgNH, /Y NogHsNH,
ACgHsNH [CeHsNH]/c° ”CGH5NH§“/V NeaHsNHE

sowe want N
etz _ 25, (1)
NCeHsNH

The solutioninitially containsa total of (0.2mol/L)(1L) = 0.2mol aniline. Reactionwith

HCI only corvertsthisto the cation,sothereis a conserationlaw:
nCGHSNHZ + nCGHSNHé“ = 0.2 mOl. (2)

We now have two equationg1 and?2) in the two mole numbersso we cansolve for these
guantities:

NCGHsNH, = 2-9NcgpNH; -
. 0.2 m0| == 2.5nC6H5NH§- + nCGHSNH-gi— .
nC6H5NH§'_ == 0057m0|

andncgugnH, = 0.2—0.057mol=0.143mol.

For eachmole of CgHsNHJ to be producedwe needonemole of hydrogenions. The HCI
solutionmustthereforeprovide 0.057mol of H*. Thevolumeof HCI requiredis therefore
0.057mol

Vicl = ——— =0.011L = 11mL.
HCl 5mol/L m



