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Test #2 Guide Key
1. In the fully protonated form, aspartic acid (Asp), is in the form, H3Asp+. The pKa

values for aspartic acid are:  2.0,  3.9, and 10.0.
a) What are the different values of pKb1, pKb2,  etc?
b) What is the isoelectric point for Asp?
c) Using the Henderson-Hasselbalch Equation estimate the value of the pH at which 90% of the Asp

would be in the fully protonated form.
d) What is the pH of a 0.4 M sodium hydrogen aspartate, NaHAsp, solution (How many dissociable

protons does it have?).
e) What is the pH of a 0.3 M solution of sodium aspartate (Na2Asp)?
f) If 25.0 mLs of 1.00 M H3AspCl is titrated with 1.25 M NaOH,  predict the pH’s for the following

titrant volumes:  VNaOH = 0,100 mL,  10.0 mL, 20.0 mL, 21.0 mL, 30.0 mL, 40.0 mL, 60.0 mL, 70
mL.

SOLUTION:

a) first start with the forms of asp:  H3A+ <==(2.0/12.0)==>H2A<==(3.9/10.1)=> HA-

<==(10/4)=>A2-

the diff values are: pKb1=14-10=4, etc

b) isoelectric point, pHI= (1/2)(2+3.9)=2.95

c) pH=pKa+log{[base]/[acid]}= 2.0+log(10/90)=1.05

d) to get isoionic point, pI, determine the 2 pka's on "either side of HA-

:pI=(1/2)(3.9+10)=6.95

e) pH of .3 M of A2- is: A2- + H2O <==> HA- + OH-;  use Ka3 equil:  x2/.3≈10-

4=>x=5.48x10-3

    .3-x                     x              x pOH= 2.26 =>  pH = 11.7

f) First, determine equiv. point, Ve :  MOHVe = MH3AVH3A:
Ve = MH3AspVH3Asp /MOH =(1.00M)(25.0mL)/(1.25M)=20.0 mL.
So we can now determine the region we are calculating:

i) VNaOH = 0,100 mL buffer region since it is less than 20.0 mL.  Note that the major species are the
most acidic and the next most acidic form, and so the pKa we use is the pKa that corresponds to
that equilibrium, namely pKa1:

so pH = pKa1 + log([H2Asp]/[H3Asp+] = 2.0 + log(0.100/(20.0-.100)) = -.299

ii) VNaOH = 10.0 mL buffer region since it is less than 20.0 mL.  Note that the major species are the
most acidic and the next most acidic form, and so the pKa we use is the pKa that corresponds to
that equilibrium, namely pKa1:

so pH = pKa1 + log([H2Asp]/[H3Asp+] = 2.0 + log(10.0/(20.0-10.0)) = 2.0+0 =2.0

iii) VNaOH = 20.0 mL intermediate region since it is at the isoionic point for H2Asp.  Note that the pKa
values “on either side” of H2Asp are pKa1 and pKa2.  pH = (1/2)(pKa1 + pKa2) = (.50)(2.0+3.9)=2.95.

iv) VNaOH = 21.0 mL buffer region since it is between Ve and 2 Ve.  Note that the major species are
H2Asp and HAsp- and so the pKa we use is the pKa that corresponds to that equilibrium, namely
pKa2:

so pH = pKa2 + log([HAsp-]/[H2Asp] = 3.9 + log(21.0-20.0)/(40.0-21.0)) = 3.9-1.28=2.62
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v) VNaOH = 30.0 mL buffer region since it is between Ve and 2 Ve..  Note that the major

species are the most acidic and the next most acidic form, and so the pKa we use is the
pKa that corresponds to that equilibrium, namely pKa2.  Note further that it is exactly 1.5 Ve, thus
it is equal to pKa2:

so pH = pKa2 + log([HAsp-]/[H2Asp] = 3.9 + log(30.0-20.0)/(40.0-30.0)) = 3.9

vi) VNaOH = 40.0 mL intermediate region since it is at the isoionic point for HAsp-.  Note that the pKa
values “on either side” of HAsp- are pKa2 and pKa3.  pH = (1/2)(pKa2 + pKa3) =
(.50)(3.9+10.0)=6.95.

vi) VNaOH = 60.0 mL: this is the Kb equilibrium region since all the acid has been converted finally to
the conjugate base, Asp2-.  Here, [Asp2-] = [H3Asp+]o(dilution)=(1.00M)(25.0/(25.0+60.0))=0.294

Kb = 10-14.0/Ka3 = 10-14.0/10-14+10 = 10-4.00

pH of .3 M of A2- is: A2- + H2O <==> HA- + OH-;  use Ka3 equil:  x2/.294≈10-

4.00=>x=5.42x10-3

    .294-x       x          x pOH= 2.27 =>  pH = 11.7

2. The concentration of Cl- is determined in an unknown sample by one of the argentometric
methods. 20.00 mL of the analyte sample is titrated with 25.00 mL of 0.0600 M silver nitrate.
a)What precautions must be taken before supernatant is titrated for excess Ag+ ?
b) If the endpoint is reached at 11.50 mL of .0500 M KSCN (with Fe3+),what is [Cl-] in the
unknown sample?

Solution:  this is Volhard titration;  a) need to filter the AgCl before titration.
b) mol Cl = mol Ago - mol Agx's = {(25.00)(0.0600)-(11.50)(.0500)}/(20.00) = .0463M

3. From memory, write all the relevant chemical equations for
*Mohr Titration,* Fajans Titration, *Volhard and *Kjeldahl Methods.

You read the appropriate portions of the book for this.

4. Be prepared to determine Ve using only a few points before V=Ve. (graphically using only graphing
paper and a few data points!  (Hint be able to use the Gran Plot)

5. A typical protein contains 16.2 wt % nitrogen.  A 0.400 mL aliquot of protein solution was
digested and the liberated NH3 was distilled into 12.0 mL of 0.02000 M HCl.  The unreacted HCl
required 4.50 mL of .02000 M NaOH for complete titration.
a) Find the concentration of protein (in mg/mL) in the original sample solution. [20 pts]
b) Name this method and write down the equations used.

solution: mmol NH3 = mmol HClo -mmol HClxs=(12.0)(.0200)-(4.50)(.0200) = .150 mmol N
so the mg N = (.150 mmol N)(14.0 mg/mmol)=2.10 mg N;  mg prot=2.10mg/.162 =13.0 mg
so mg/ml prot = 13.0 mg/.400mL = 32.4 mg/mL protein.    Kjeldahl method. (read the

text for the equations)



36. A 500.0 mL solution is prepared by dissolving and oxidizing a 0.420 g steel
sample containing 0.120% Cr.  It is found that the solution has a 70.2 %
transmittance (at λ=436 nm and pathlength of 1.00 cm).  A 250. mL solution prepared
similarly but using a 0.170 g steel sample with an unknown %Cr content, is found to
have a 19.5% transmittance (at 436 nm and the same pathlength).
a) What is the molar extinction coefficient of the absorbing species, Cr2O72-? [10 pts]

Solution:
First, we convert the transmittances to absorbance so we can use Beer’s Law:
Astd = -logT = -log(0.702)=0.154,  Aunk = -log(.195)=.710
a) to get the extinction coeff, ε:

Astd = ε cstdb where cstd,Cr2O7 = (.00120)(.420g)/(52.00)(1mol Cr2O7/2mol Cr)(0.500L)=9.70x10-6M.

ε =  Astd /cstdb = ()/(()()) = 0.154/(9.70x10-5M (1.00cm)) = 3970 M-1cm-1.

b) What is the % Cr composition of the unknown steel sample? [15 pts] %Cr =           
         

Solution: Aunk =  .710  =  ε cunkb   =  (%)unk(.170g)      = >
Astd      .154       ε cstdb      (.120%)(.420g)

=> (%)unk = (.710)(.120%)(.420)/((.154)(.170))=1.37% Cr


