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Multiple Choice Questions (10 points each, 40 total)

1) In an open container on the Earth’s surface a professor weighs 2.373(5) g of CaCO; and adds it to 1.0000(7)
L of water. Which of the following errors in a calculation of the final molarity COs> is systematic? Circle
all correct answers

A) The professor weighs the CaCOs properly but forgets to treat the acid-base properties of COs™.
B) The professor doesn’t record the temperature

C) The (5) represents the average of 3 measurements.

D) The water is not distilled and has an initial pH of 6.5.

E) The CaCOj; was hydrated and not dried before using

2) Which of the following would solutions would have the largest activity correction to a simple equilibrium
expression for the dissociation of acetic acid, CH;COOH? Circle one

A) 0.1M NacCl

B) 0.1M AgCl

C) 0.1M MgCl,

D) 0.1M sodium citrate

4) pH and titrations: Circle all correct answers

A) Using the equipment from the CHEM 15 laboratory, the pKa of an acid can be measured to 0.01%
B) The K., for water is 10™* under all conditions
C) The end point of any titration is accompanied by a color change

D) At the equivalence point the concentration of an acid and its conjugate base are always equal
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Short Answer Questions:.

#1 [60 points total] In this problem, you can assume all the activity coefficients are 1.

(a) You make a solution by adding 0.75 moles of weak base Arand 0.25 moles of its conjugate
acid HA to 1 L of pure water. Express the pH of the resulting solution in terms of the pKa for
HA.

(b) Take " the solution (0.5L) and add enough of a 1M strong acid solution to the mixture to set the pH equal to
the pK,. What is the volume of the final solution?

(c) Repeat step b, adding the acid solution in 4 equal increments. Sketch below the resulting titration curve of
pH versus of strong acid added, labeling the axes and unique points along the way as titrant solution is added.
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(d) Indicate in the graph below how you would plot the results to arrive at the most accurate estimate of the
pKa. Label the axes.

(e¢) How would you modify the procedure above to get a more accurate result?



Page 6 of 9

#2 [50 points total] Draw a diagram of the Galvanic cell you used in the laboratory. Label all of the key
components. Give examples of one choice an instrument designer could make to optimize the measurement of
the half cell potential.

Calculate E° for the electrochemical cell Cu|Cu®|[Mg*Mg.

The electrons will flow from to spontaneously.

Use the cell potential to find the equilibrium constant for this reaction at 298K.
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Equations and Tables

Statistics:
D > (x5 — %)
x=—" s=q) ———
n =l
1 —(x— )2/2 2
y= e M
oV2m

Confidence interval = x £

~
SE

Activities:
1 1
==(czf +ezs + ) == cizk
2 e
_ ACAS _ [CIveDIYD

K —
A4 A% [Al%YS [BI™YA

—0.51z> V.
1 + (aV/305)

logy = (at 25°C)

Acid Base Equilibria:
pH =—log[H']

pX=-logX
pH + pOH = —logK,, = 14.00 at 25°C
Ka ’ Kb = Kw

H=pK, + 1o e
p PR, g[HA]




Page 8 of 9

B] pK, applies to
pH = pK, + log (BH'] this acid
With activities: B
Iva-
pH = pK, + log
IYHA
Diprotic/Dibasics:

Kal : Kb2 - Kw
Ka2 * Kbl - Kw

Intermediate form of a diprotic acid:

K,K.F + KK,
[H+]z\/ 143.D; 1
K, + F

, or approximately,

Diprotic Buffers:

[HAT]
[H2A]

pH = pK, + log and/or pH
Thermodynamics and Electrochemistry:

AG° = AH® — TAS®

for aA + bB ¥ ¢C +dD

_[CT[D’
¢ [4]°[B]’

AG® =-RTInK
AG® = — nFE°

AG =AG® + RT In Q
AG = - nFE

0_ 100 [
E'=E cathode ~ E anode

= pK, + log

1
PR E(I:)Kl + pkK>)

[A2]
[HA]

E= E°— (RT/nF) InQ = E° — (0.05916/n) logQ at 25°C
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Constants:

No = 6.02214 x 10* mol™
k=1.38066x 10 JK!
F=96,485 C/ mol

1v=1J/C

R =8.31451 J K mol™

R =8.20578 x 102 L atm K™' mol™

TABLE 3-1 Summary of rules for propagation of uncertainty

Function Uncertainty Function® Uncertainty”
y=x+x e= \/e,zc] +e,2(2 y = x* Poe, = a%oe,
1 e e
Y S 8 \/e)zcl—l-e)zc2 y = log x ey=lnlof%0.43429;x
N 2 Cx
Yy=X1°X e, = NV Qey, + %oey, y=Inx ey=;
X e
y = 4 e, =V %e,%I + %e)%2 y = 10" A (In 10)e, = 2.302 6 ¢,
X2 y
X ey
y= BX (see note below) ey = |B| y=e ; — &

a. x represents a variable and a represents a constant that has no uncertainty.
b. e, /x is the relative error in x and %e, is 100 X e /x.

Note that B is a constant with no uncertainty.
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TABLE 7-1 Activity coefficients for aqueous solutions at 25°C
- |

[on
ize lonic strength (., M)
[on {a, pm) 0.001 0.005  0.01 0.05 0.1
Charge = =1 Activity coefficient (y)
H* 900 0967 0933 0914 0.86 0.83
{CgHs),CHCOS , (CyH;),N™ 800 0966 0931 0912  0.85 0.82
{0,N}3CsH,0™, (C3H;):NH T, CH30CH,CO5 700 0965 0930 0909 0.845 081
Li*, CiHsCO3, HOCH,CO3 , CICH,CO5, CH;CH,CO7,
CH,=CHCH,CO3, (CH;),CHCH,CO3 , (CH;CH,),N™, (C;H,),NHZ 600 0965 0929 0907  0.835 080
Cl.CHCOZ, C1,CCO3, (CH;CH,):NH™, (CH;INHT 500 0964 0928 0904  0.83 0.79
Na™, CdCI*, C105, 105, HCO5 , HoPO; , HSO3, HoAsO;,
Co(NH;),(NO,)T, CH;CO3 , CICH,CO5, (CH, ,N™,
{CHLCH,),NHT, H,NCH,CO3; 450 0964 0928 0902  0.82 0.775
*H,NCH,CO,H, (CH;);NH*, CH;CH,NH7 400 0964 0927 0901 0815 077
OH™,F~,5CN~, OCN~, HS™, Cl05, CI0;, BrO3, 103, MnO;,
HCO;3, Hacitrate”, CH;NHY , (CH;),NH 350 0964 0926 0900  0.81 0.76
K*,ClI",Br .1, CN ™, NO;, NO7 300 0964 0925 0.899  0.805 0755
Rb™, Cs*,NHf, TIT, Ag™ 250 0964 0924  0.898  0.80 0.75
Charge = *2 Activity coefficient (y)
Mg®", Be*" 800 0872 0755 0.69 0.52 0.45
CH,(CH,CH,C03 )y, (CH,CH,CH,COY ), 700 0.872 0755 0.685  0.50 0.425
Ca’t, Cu™™, Zn?™, SnF, Mn® ™, Fe ™, Ni* ™, Co™", CH,(CO3 )a,
H,C(CH,CO; ). (CHCH,CO5 ), 600 0.870 0749 0.675 0485 0405
Se2t, Bat, Cd*t, Hg?™, §27, 5,057, W03 ™, H,C(CO3 )y, (CHLC O3 3s,
(CHOHCO; ), 500 0.868 0744  0.67 0.465  0.38
Pb*", CO37, 5037, MoO3 ™, CofNH;):CI*™, Fe(CN)sNO*~, C,05™.
Heitrate? ™~ 450 0.867 0742 0.665 0455 037
Hgi™, S037, 58,037, 58,087, 8,057, 803, CrO;—, HPO; ™ 400 0.867 0740  0.660  0.445 0335
Charge = 3 Activity coefficient ()
AP Fet, O ", Se*, YT, In*™, lanthanides® 900 0738 054 0.445  0.245 0.8
citrate™™~ 500 0728 051 0.405  0.18 0.115
PO, Fe(CN)2 ™, Cr(NH; )", Co(NH; )2, Co(NH,)sH,0% " 400 0725 0505 0395 016 0.095
Charge = %4 Aectivity coefficient ()
Th**, Zr*t, Ce*t, Sn*t 1100 0583 035 0.255  0.10 0.065
Fe(CN)2~ 500 0.57 0.31 0.20 0.048  0.021

a. Lanthanides are elements 57-71 in the periadic fable.
sovrcE J. Kielland, J. Am. Chem. Soc. 1937, 50, 1675,
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Reduction Potentials

E° Reduction Half-Reaction

+2.890 V F2(@) + 260 — 2F (aq)

+1.396 V Clag) + 260 — 2Cl (aq)
+1.229V Oz (g) + 4H'(@aq) + 4e° — 2 Hy0O (0
+1.078 V Bro() + 260 — 2Br (ag)

+0.799 V Ag'aq) + € — Ag (s)

+0.771V Fe¥*(aq) + e — Fe*(aq)

+0.339V  Cu*(aq) + 26 — Cu(s)

+0.222 V AgCls) + € — Ag(s) + ClI™ (aq)
+0.197 V AgClis) + e — Ag(s) + CI (aq) [saturated KCI]
0 V [defined] 2H" (aq) + 267 — Haz (g)

-0.236 V Ni** (aq) + 2~ — Ni(s)

-0.762 V Zn**(aq) + 2~ — Zn (s)

-1.677V Al*@q) + 36 — Al(s)

-3.040 V Li*(aq) + e — Li(s)




