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Useful Physical constants and Formula

PHYSICAL CONSTANTS:

Useful Equations:

R=8314 ) moll K!

A=xe, G=1/R= x(All)

R =0.08314 L bar K' mol™! A=Re+ A
k=138 x 10°# J K o= AfAs

_|
1J=1kgm?s? K =co/(1 — )

1 atm=1.101325x 10° Pa

A= A% — K (c/co)'?
VAm= /A% + cAm /[(A%) K. ]

I atm = 1.01325 x 10° Pa; | bar = 1{° Pa;

DHLL: 087, =—2, 12 |8JI

Davies Eq.: log ys=- B |z.z| [(V1)/ {1 + (¥[)} - 0.30 ]]
in water at 25 °C: B = 85992 5 i I

1 Torr= | mmHg = 133.322 Pa

[ = %Ziqu

£ =78 at 25°C

g=98! ms? AD = RT/zF In {ci/cy)
RT/F=0.0257 at 298 K

0°C=273.15K E =E°— (RT/z F) In(Q)
L=6.022x 102 mol'' (Avogadro's number) | AG =- zFE
h=6626x 10715 AS =7 F(3£/dT),
F =96500 C mol” AG= AH-TAS

=2098x 1 m g’ fhel V) Ly
c=299R8x 10"ms (speed of hight) }}ivw _K }{/
€ = 8.854x10"2C*N"'m pH = - Log [H7]

K.=[OH][H"]

e=1.602x10" C

]

&Gos'oa’vuffo;: :( 1 }(Sr — I)ZQQEN A/(BTEEJ)

E? = (RT/z F)In{k%)

x = [2e2NA(1000 L m ™/ (eoksT)]'? [psol Vec]'?

aa' =1. Q/FcA

(travelled distance)

AG=RT In (c:/c2)

Hydrogen Electrode:

H* (ag) + e (g) — “H» Ee=0V

Siiver-Silver Chloride: & + AgCl (s) — Ag {s) + Cl (aq)
Calomel Electrode ¢ + AHg:Ch{s) — Cl (aq) + Hg (1)
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Using activities, calculate the solubility of Ag;SO4 (silver sulfatey in 0.025 M
aqueous KNOj solutton at 25°C. You may ignore the contribution of Ag™ and SO.*
to the ionic strength. [K, of Ag2SCa= 1.5 x 107]

A) 0.023M
B) 0052 M
Cy 0011 M
D) 0.0018M
E) 00041 M

. Which of the following inert electroiyies produces the largest increase n the degree
of dissociation of acetic acid (using DHLL)?

Ay 010 m Cully

B) 0.001 m NaCl

C) 0.001 m KBr

D)y 0.10m CsCl

E) 0.01 m CaCl

. Calculate the mean activity coefficient for a 0.002 M aqueous IG:SOL soluton
assuming complete dissociation and that DHLL 1s valid.

A) 0834
B} 0918
Cy 0711
D) 0.621
E) 0.78]

A5y &)
. What 1s the pH of a buffer solution that 1s-6=258 » 1n CHaCOOH and 0.150 m in
CH:COONa, using the Davies equation (1gnore the contributions from acetic acid

dissociation in the jonic strength) to calculate =2 [pK, of acetic acid = 4.76]
A) 4.52

B) 4.63
C) 421
D) 48]
E) 439
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5. Caleulate the mean 1onic molality and the mean ionic activity of 2 0.115 m K3PO,
solution for which the mean ionic activity coefficient 1s 0.123.
A) 0.262 m and 0.0328
BY 0.155mand0.0819
Cy 0.0531 mand 0.108
D) 0.295mand 0.0411
E) 0.105mand 0.0215

6. An electrochemical cell is made by connecting an aluminum strip 1n 0.40 M
AL{SO4); solution to a copper strip m 1.00 M CuSO. solution at 25 *C. Given the
standard potentials: E°ci®*cu = 0.34 V and E®4 "1 = -1.67 V, determine the cell
voltage, assuming that the copper strip 18 gaining mass and that the aluminum strip s
losing mass.

A) 201V
B) 220V
C) 1.02V
D) 111V
E) 0.00V

7. Determine the cell voltage for the following electrochemical reaction at 25 “C:
Sn(s} +2 Ag(aq) — Sn*{aq) + 2 Ag(s) E'ci =094V
given that aqueous 0.10 M AgNOs and aqueous 0.030 M Sn{NO:): solutions are
used to set up the cell.

A) 092V
B) 097V
C) 086V
D) 092V
E) -097V

8. The correct Nernst equation for the reaction
Al(s) + OH(aq) ~ 3 H:O(1) — Al(OH)s{ag) + 3/2 Hag)
1s (do not use activities in the reaction rato Q);
A) E=E'-(RTSBF)MQwithQ = (P(Hz))-"’-‘[Al(OH ) J/[OH]
B) E=ELE°-(RT/3F)In Q with Q = [Hz] ** JAI{OH). ]*‘[/\ N[OHT!
C) E=E°-(RT/AF) In Q with @ = [A(OH)4]P(OH /][O ]
Dy E=E"-(RT/AF)In ¢ with Q = (P(H:})** [A ][(OH) VIAL(sY]
E) E=E®-(RT/4F)In Q with Q = (P(H2))** [AOH). Jx[OH ]
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9. Assume that the following reaction has a zero voltage (by definition as new
standard):
FeX(aq) + 2 ¢ — Fels)
What wili be the voltage of the following reaction versus this new standard.
lais) + 2 e — 2 I(ag)
given: E%? re = -0.447 V and E%ui- = 0.536 V versus standard hydrogen electrode?
A) 0983V

B) -0.536V
C) 0447V
D) 0259V
E) 0931V

10. Which statement 1is TRUE?
A) The Gibbs energy change of an electrochemical reaction at equibibrium is equal
to zero.
B) The Gibbs energy change of a spotaneous electrochemical reaction at
equilibrium is negative,
CYy The sign of the Gibbs energy change of an electrochemical reaction at
equilibrium can be changed by changing the 1onic strength,
D)  The Gibbs energy change of an electrochemical reaction at equhibrium can be
changed by an applied elecine potential.
E) The sum of the sicichiomelric coefficients multiphed by the charges of cach
reactant and product 1n an electrochemical reaction 1s always negative.

11. Which of the following statements is NOT CORRECT?

A} The atractive and repulsive interactions between 1ons depend only on their
chemical identiry.

B} Deviauons from ideai behavior begin at lower concentrations for electrolyte
solutions than for nonelectrolyte solutions.

C) In electrolyte solutions the main interaction is the long-range electrostatic
Coulomb interaction between ions.

D) The attractive and repulsive interactions between ions depend on their charge
and size.

E}  Hemy's law is obeyed up to concentrauans of unit molality according 1o ity
hypothetical standard state.



;o
12 In the relation t, ., =t +VRT In| EW-FVHT]T] ¥, the value of V 1y
: L m

]
Py

A) S
By 2
cy |
D) 4
E) 23

13. Enough of the salt 45(s) is dissolved in a centain amount of water to bring it into
equilibrium with the ions 47" (ag) and B” (ag) . 1f the equilibrium concentration of
A" 18 7.6x107 mol kg™', and the Debye Hiickel Limiting Law (DHLL) is obeyed at
this concentration, Ksp for the salt 1s:

A)  490%107
B) 522x107
C) 5.78x107
D) 4.39%x107
E) 846x10™

14, With respect to the mean ionic activity coefficient variation. y. , with the square root

of the 1on1c strength, ~/7 | for an electrolyte which of the following statements 15
CORRECT?
A) Athighionic strength 7, > 1, solubibity decreases o keep the sotubility product

constant, resulting in the salting out effect.
B) The y, increases as +// increases, atl all electrolvie concentrations

C) The y, decreases as V1 increases. at all electrolyle concentrations.

D) The y, decreases as JI mereases, and n wrn solubtlity must decrease

resulting in the salting out effect.
E) At high ionic strength y, > 1. solubility increases to keep the solubility product

constant, resulting in the salting n effect.
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1S, Which of the following statements is NOT CORRECT?

A)

B)

€)

D)

E)

Using the standard potentials E°,

At all electrolyte concenirations, the mean jonic activity coefficient p, 1s less
than 1.

The mean ionic activity coefficient of an electrolyte y, may be experimentally
measured.

Al very low electrolyle concentrations, the experinentally measured mean 1onic
activity coefficient, y, , 1s close 10 the y, value calculated using the Debyve-
Huckel limiting law (DHLL).

The activities ¥, and y_for the positive and negative 1ons of an electrolyte
cannot be measured experimentally.

At very high electrolyle concentrations, the mean 1onic activity coefficient

¥, may reach values greater than 1.

. Consider the folfowing cell at 25 °C.

Cofs)|Co™(ag, a = 0.832)|Cri"(aq. a = 0.342)|Cr(s)
“en=-0.280 Vand By o = -0.744 V., what

happens spontaneously in the cell?

A)
B)
C)
D)
£)

Chromium dissolves.

Chromtum 1s deposited.

Cobalt dissolves.

Electrons flow from Cobalt to Chromium
Cannot be determined

. Consider the following cell at 25 °C:

Ag(s)AgNOag)|Aglis)lagls)

Given the standard potentials' EPa, ", = 0.799V and B'ay 4, = 0.061V_ calculate pK,,

of Agl.

A) 125

By -12.5

C) 145

by -14.3

Ey 3.352x 10"
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18. For fluorine, F1, the standard potential is B4 = 2 87 V. Given that

19.

Bz =-0.761 V. E%, ae = 0.800. and B0 an = 168V

and assuming a fluorine electrode 15 made from fluenine bubbling over an inert metal
surface. what will happen 1 a cell made of this fluorine electrode and one of the
above mentioned metals in the standard state?

A)
B)
)
D)
E)

Fluorine oxidizes Zn, Ag, and Au.
Flourine oxidizes Zn and Ag, but not Au.
Fluorine oxidizes Zn. but not Ag and Au.
Fluorine oxidizes none of these metals.
Fluorine reduces all those metals.

In an electrochemical cell the oxidation of oxalic acid (HOOCCOOH) 10 carbon
dioxide and water by permanganate 1ons, MnQ4, 1n acidic solution has an
equilibrium for which ink =778, What can be concluded from that fact?

A)
B)
)
D)
E)

Almost complete conversion [rom reactants into products happens
No reaction happens.

Almost only reactants can be found in the cetl.

Permanganate cannot oxidize oxalic acid.

Carbon dioxide and water are reduced to oxalic acid.

Consider the cell

PUs)|Cla(@)|CIO2 (aq)ICraO77 (aq)|Cr(s).

In acidic medium, how many electrons are exchanged in this cell reaction (balanced
with the smallest possible set of intewer coefficients)?

A) 12
B) 9
C) 6
D) 3
By 13
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Answer Key

1A
2. A
3A
4. A
5. A
6. A
7. A
8 A
9. A
10, A
11. A
12. A
13, A
A
A
A
A
A
A
A
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Useful Physical con

stants and Formula

[ PHYSICAL CONSTANTS:
.

Useful Equations:

R=8314 Jmol! K

A=xlc, G=l/R=x(Al)

E= 0.08314 L bar K! mol" A=k, +2
ke = 1.381 x 103 J K o= A/A,
1T7=1kgm?s? K = co/(1 - o)

latm=1.101325x 10° Pa

Am = A/\Om - K (C/Co)“.z
1/Am = 1/Am+ cAm fﬁ[(Aom)z Ka ]

1 atm = 1.01325 x 10° Pa; | bar = 10° Pa;

—7 |z | BJT

DIILL: log7.

Davies Eq.; log ye= - Blzez [(N/{1 + (¥D)} -0.30 1)
in water at 25 °C; B=0.51 M

1 Torr= | mmHg = 133.322 Pa

1
f= EZ,*C"Z?

g=981ms~

A® = RT/zF In (ci/c2)
RT/F=0.0257 a1 298 K

[0°C=273.15K

E=E°— (RT/z F) In(Q)

g€ =78at 25°C

L =6.022 x 10% mol"' (Avogadro's number) | AG = - 2I'[
h~6.626x 107 Js AS =7 F QEOT),
F =96500 C mol"! AG= AH-TAS
=2.998 x 10® -t specd of light AL N AN 8
C 98 x ms (specd of light) 7)-(_: ) "7)+ ))_’
€0 = 8.854x102CN'm? pH = - Log [H"]

K= [OH] [ H"]

e=1.602x10"C

AG satvation :( e~ 1 )zzegN/\/(Sn:Eor)

E° = (RT/z F)In(&)

K = [2e*NA(1000 L m™)/(eoksT)]"? [psal I/&r]'?

aa’ = t+ Q/FcA {travelied distance)

AG=RT In (ci/cy)

Hydrogen Elcctrode: H (ag) + ¢ (g) = %2

H: Ec=0V

Silver-Silver Chloride: e + AgCl (s) — Ag (s) + Cl (aq)
Calomel Electrode: & + %2HgCla(s) — Cl (ag) + Hg (1)
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l.

For fluorine, F», the standard potential is £9%24 = 2.87 V. Given that
E¢7® 720 = -0.761 V, E®ay"iay = 0.800, and B’ au = 1.68 V
and assuming a fluorine clectrode is made trom fuorine bubbling over an inert metal
surface, what will happen in a cell made of this fluorine electrode and one of the
above mentioned metals in the standard state?
A) Fluonnc oxidizes Zn, Ag, and Au.
B) Flourinc oxidizes Zn and Ag, but not Au.
C) Fluernne oxidizes Zn, but not Ag and Au.
D} Fluoring oxidizes none of these metals.
E) Fluorine reduces all those metals.

o 50

. What is the pH of a buffer sotution that 1s 8238 min CH:COOH and 0.150 min

CHiCOONa, using the Davies cquation (ignorc the contributions from acetic acid

dissociation in the jonic strength) to calcutate Y7 [pK, of acctic acid = 4.76]
A) 421

B) 4.52
C) 481
D) 439
E) 4.63

Which of the following inert electrolytes produces the largest increasc in the degree
of dissociation of acctic acid (using DHLL)?

A) 0.001 m KBr

B) 0.10 m CuCly

C) 0.00] m NaCl

D) 0.10m CsCl

E) 0.01 m CaCl;

Version | Page 3




4. Assume that the following reaction has a zero voltage (by definition as new
standard}:
Fel'(ag) + 2 e — Fe(s)
What will be the voltage of the following reaction versus this new standard:
L{s)+ 2 ¢ — 2 IH{aq)
given: E%: e = -0.447 V and E®uq- = 0.536 V versus standard hydrogen clectrode?
A) 0447V

B) 0931V
C) 0.983V
D) 0259V
E) -0.536V

5. Which of the foliowing statements is NOT CORRECT?

A) At very high electrolyte concentrations, the mean ionic activity coefficient
v, may rcach values greater than |,

B) Atall elecirolyle concentrations, the mean ionic activity coefficient y, is less
than |.

C) The activities ¥ and y._ for the positive and negative 1ons of an ¢lectrolyte
cannot be mcasured cxperimentally.

D) The mean ionic activity coefficient of an electrolyie y, may be experimentally
measured.

E) Atvery low electrolyte concentrations, the experimentally measured mean ionic
activity coefficient, y, , is close to the y, value calculated using the Debye-

Huckel limiting law (DHLL}.

6. Inthe relation ur, oo, = 4, +V RTln(ﬂ]-'rv RTIny, the value of V is:
) m
A) 3
By 5
C) 2
D) |
Ey 4
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7. Enough of the salt AB(s) is dissolved in a certain amount of water to bring it into
equilibrium with the ions A" (ag) and B> (ag). If the equilibrium concentration of
A is 7.6x107 mol kg™', and the Debye Hiickel Limiting Law (DHLL) is obeyed at
this concentration, Ksp for the salt 1s:

A) 5.78x107°
By 846x10™"
Cy 4.90x10"
D) 4.59x107

By 522x107

8. Which statement 1s TRUE?
A) The sign of the Gibbs ¢nergy change of an electrochemical reaction at
equilibrium can be changed by changing the tonic strength,
B) The Gibbs energy change of a spotancous electrechemical reaction at
equilibrium is ncgative.
C) The Gibbs cnergy change of an electrochemical reaction at equilibrium is equal
to zcro.
D) The sum of the stoichiometric coefficients multipticd by the charges of cach
reactant and product in an electrochemical reaction is always negative.
E) The Gibbs conergy change of an ¢lectrochemical reaction at equlibrium can be
changed by an applied elcctric potential.

9. Using activitics, calculate the solubility of AgaSOs (silver sulfate) in 0.025 M
aqueous KNO: solution at 25"C. You may ignore the contribution of Ag™ and SO4*
to the ionic strength. [ K of Ag:SOa= 1.5 x [07]

A) 0023 M
B} 0.0041 M
C) 0.0018M
D) 0.011 M
E) 0.052M
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10. Calculate the mean activity cocfficient for a 0.002 M aqueous K;50a solution
assuming compleie dissociation and that DHLL s valid,

12,

A)
B)
C)
D)
E)

0918
0.781
0.834
0.711
0.621

. With respect to the mean ionic activity coeflicient variation, y, , with the square root

of the ionic strength, JI, foran electrolyte which of the following statements 1s
CORRECT?

A)

B)
C)

D)
E)

At high ionic strength 7, > 1, solubility incrcases to keep the solubility product
constant, resulting in the salting in effect.

The y, decreases as JI increases, at all clectrolyic concentrations.

At high ionic strength y, > 1, solubility decreases to kecp the selubility product
constant, rcsulting in the salting out effect.

The y. increases as /[ increases, at all electrolyte concentrations.

The y, decreases as JJ increases, and in turn solubility must decrease
resulting in the salting out cffect.

In an electrochemical cell the oxidation of oxalic acid (HOOCCOOH}) to carbon
dioxide and water by permanganate ions, MnOy", in acidic selution has an
equilibrium for which InK = 778. What can be concluded from that fact?

A)
B)
C)
D)
E)

No reaction happens.

Permanganate cannot oxidize oxalic acid.

Almost complete conversion from reactants into products happens.
Carbon dioxide and waler are reduced to oxalic acid.

Almaost only reactants can be found in the ccll.
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13. Which of the following statements is NOT CORRECT?

A) The attractive and repulsive interactions between ions depend on their charge
and size.

B) The attractive and repulsive interactions between ions depend only on their
chemical identity.

C) In electrolyte solutions the main interaction is the long-range electrostatic
Coulomb interaction between ions.

D} Deviations from ideal behavior begin at lower concentrations for electrolyte
solutions than for nonelectrolyte solutions.

E) Henry's law is obeyed up to concentrations of unit molality according to its
hypothetical standard state.

14. An electrochemical cell is made by connecting an aluminum strip in 0.40 M
Al(SQa); solution to a copper strip in 1.00 M CuSO, solution at 25 °C. Given the
standard potenvals: E°c.**cu = 0.34 V and E°2/**a = -1.67 V, determine the cell
voltage, assuming that the copper strip is gaining mass and that the aluminum strip is
losing mass.

A 111V
By 0.00V
C) 220V
D) 1.02V
E) 201V

15. Determine the cell voltage for the following electrochemical reaction at 25 °C:
Sn(s) +2 Ag'(aq) — Sn**(aq) + 2 Ag(s) E°.n=094V
given that aqueous 0.10 M AgNQ; and aquecus 0.050 M Sn(NQs); solutions are
used to set up the cell.
A) 097V
B) 092V
Cy 097V
D) 086V
E)y 092V

Version |  Page 7




16. Consider the following cell at 25 °C:

17.

18.

19.

Ag(s)|AgNOs(aq)|Agl(s)Ag(s)
Given the standard potentials: E®agrag = 0.799V and E®agnag = 0.061V, caiculate pKsp
of Agl.
A) 125
By 3.352x 10"
C) -14.5
D) 145
E} -125

Consider the cell
Pt(s)|Cla(g)IC102 (aq)||Cr2077(aq)|Cr{(s).
In acidic medium, how many electrons are exchanged ip this cell reaction (balanced
with the smallest possible set of integer coefficients)?
A) 9
B} 6
C)y 15
D) 12
E} 3

Consider the following cell a1 25 °C.
Co(s)|Co?*(aq, a = 0.832)||Cr*"(aq, a = 0.342)|Cr(s)
Using the standard potentials: E°co?*ico = -0.280 V and E°**icr = -0.744 V, what
happens spontancously in the cell?
A) Chromium is deposited.
B} Chromium dissolves.
C) Electrons flow from Cobalt to Chromium
D) Cobait dissolves.
E) Cannot be determined.

The correct Nernst equation for the reaction
Al(s) + OH(aq) + 3 H20(1) — AI(OH)«(aq) + 3/2 Ha(g)
is (do not use activities in the reaction ratio Q):
Ay E=E°-(RT/3F) In Q with Q = (P(H2))*”? [AL][(OH)]/[Al(s)]
B) E=E°-(RT/4F) In Q with Q = (P(H2))** [Al(OH)«')/(OH']
C} E=E°-(RT/4F) In Q with Q = [AI(OH).]P(OH")/[OH']
D) E=E°-(RT/3F} In Q with Q = (P(H2))**[AI(OH)«)/[OH"]
E) E=E°-(RT/3F)In Q with Q = [H2]*? [AI(OH). J/{[Al{s)][OH]}
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20. Calculate the mean ionic molality and the mean ienic activity of a 0.115 m K3POx
solution for which the mean jonic activity coefficient is 0.125.
A) 0.295mand 0.041t
B) 0.155 mand 0.0819
C) 0.105mand 0.0215
D) 0.262 mand 0.0328
E) 0.053} mand 0.108

Version ] Page 9




Answer Key

1. A
2. B
3 B
4. C
5.B
6. B
7. C
8. C
8. A
10. C
1. C
12. C
13. B
14. E
15. B
16, A
17. D
18. B
19. D
20. D
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Useful Physical constants and Formula

PHYSICAL CONSTANTS:

Useful Equations:

R =834 Jmol' K

A=xc, G=UUR= x(A/)

R =10.08314 L bar K! mol” A=hs + A
ke =1381 x 103 JK! o= AlAe
11=1kgm?s? K =ca?(1 —q)

1 atm=1.101325 x 10° Pa

Am = Aom - K (C/Co)”z
l/Am = I/Aom + CAm /[(Aom)z Ka ]

Vatm=1.01325 x 10° Pa; 1 bar= 10°* Pa;

DHLL: Yog7 =-z |z | BJI

Davies Eq.: log v = - Blz.z.| [(NI/{1 + (¥I)} - 0.30 1]
in water at 25 °C: B=0.51 M™*

| Torr=1 mmHg = 133.322 Pa

l
I= Ezrqu

g=98] ms? AD = RT/zF In (cy/cy)
RT/F=0.0257 at 298 K

0°C=273.15 K E = E° - (RT/z F) In(Q)
L =6.022 x 10* mol" (Avogadro's number) | AG = - zFE
h=6.626x 10 Js AS =z F (dE/9T),
F = 96500 C mol"! AG= AH-TAS

— 8 N ;
¢=2998x10°ms {speed of light) }};&V_) =y+’+ -
£o = 8.854x10-2CN"'m™ pH = - Log [H']
£=78 at 25°C Kw=[OH] [ 1]
e=1602x10"°C AGsonvaiion =(1/8r — 1)22e*Na/(8meqr)
E° = (RT/z F)In(#) K = [2e2NA(1000 L m Y/ (eoknT)]'? [psor IVer] 2
aa' = t. Q/FcA (travelled distance) | AG=RT In (ci/c2)

Hydrogen Electrode:

H" (aq) + e (g) — “2H:

E°=0V

Silver-Sitver Chloride: e + AgCl (s) — Ag (5) + Cl (aq)
Calomel Electrode: e + ¥2HgaCla(s) — CI" (aq) + Hg (!}
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1. Consider the following cell at 25 °C:
Ag(s)|AgNOs{aq)|Agl(s)}Ag(s)
Given the standard potentials: E°g'ag = 0.799V and E°agiag = 0.061V, calculate pKp
of Agl.

A) 145
B) -14.5
C) -12.5
D) 3.352x 10"
E) 12.5

2. Determine the cell voltage for the following electrochemical reaction at 25 °C:
Sn(s) +2 Ag'(aq) — Sn®"(aq) +2 Ag(s) E°a=094V
given that aqueous 0.10 M AgNOs and aqueous 0.050 M Sn{NOs)z solutions are
used to set up the cell.
A) 092V
B) -0.97V
C) 086V
D) 092V
E)y 097V

3. An electrochemical cell is made by connecting an aluminum strip in 0.40 M
Al2(SOs)s solution to a copper strip in 1.00 M CuSO, solution at 25 °C. Given the
standard potentials: E°c*"cu = 0.34 V and E°%’*iar = -1.67 V, determine the cell
voltage, assuming that the copper strip is gaining mass and that the aluminum strip is
losing mass.

Ay 000V
By 220V
C) 201V
Dy 111V
E) 102V
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4. For fluorine, F, the standard potential is E%2¢ = 2.87 V. Given that
E®2n?*izn = -0.761 V, E%,*sp = 0.800, and E®ay'iau = 1.68 V
and agsuming a fluorine electrode is made from fluorine bubbling over an inert metal
surface, what will happen in a cell made of this fluorine electrode and one of the
above mentioned metals in the standard state?
A) Flourine oxidizes Zn and Ag, but not Au.
B) Fluorine oxidizes Zn, but not Ag and Au.
C)} Fluorine oxidizes Zn, Ag, and Au.
D) TFluorine oxidizes none of these metals.
E) Fluerine reduces all those metals.

5. Consider the cell
Pt(s){Ch(g)Cl02 (aq){Cr207*(aq)|Cr(s).
In acidic medium, how many clectrons are exchanged in this cell reaction (balanced
with the smatlest possible set of integer coefficients)?

A) 3
B) 9
) 12
D) 6
E) 15

6. Consider the following cell at 25 °C.
Co(s)[Co**(aq, a = 0.832)||Cr’"(aq, a = 0.342)|Cr(s)
Using the standard potentials: E°co*"ico = -0.280 V and E°%*"icr = 0,744 V, what
happens spontanecusly in the cell?
A) Chromium dissolves.
B) Cobalt dissolves.
C) Cannot be determined.
D) Electrons flow from Cobalt o Chromium
E) Chromium is deposited.

7. Calculate the mean ionic molality and the mean ionic activity of a 0.115 m K;PQs
solution for which the mean ionic activity coefficient is 0.125.
A) 0.105mand0.0215
B) 0.295 mand 0.0411
C) 0.262 mand 0.0328
D) 0.0531 mand 0.108
E) 0.155mand 0.0819
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8.

10.

Assume that the following reaction has a zero voltage (by definition as new
standard):
Fe*(aq) + 2 e — Fe(s)
What will be the voltage of the following reaction versus this new standard:
Ixs) + 2 e — 2 I(aq)
given: E%.** m. = -0.447 V and E°ns- = 0.536 V versus standard hydrogen electrode?
A}y -0536V

B) 0.447V
C) 0259V
D) 0931V
E) 0983V

. With respect to the mean ionic activity coefficient variation, y, , with the square root

of the ionic strength, N , for an ¢lectrotyte which of the following statements is
CORRECT?

A) The y, decreases as \/7 increases, at all electrolyte concentrations.

B) The y, decreases as Ji increases, and in turn solubility must decrease
resulting in the salting out effect.

C) The y, increases as «// increases, at all electrolyte concentrations.

D) At high ionic strength y, > 1, solubility increases to keep the solubility product

constant, resulting in the salting in effect.
E) Athigh ionic strength y, > I, sclubility decreases to keep the solubility product

constant, resulting in the salting out effect.

Which of the following statements is NOT CORRECT?

A) The attractive and repulsive interactions between ions depend only on their
chemical identity.

B) Henry's law is obeyed up to concentrations of unit molality according to its
hypothetical standard state.

C) Deviations from ideal behavior begin at lower concentrations for electrolyte
solutions than for nonelectrolyte solutions.

D) The attractive and repulsive interactions between ions depend on their charge
and size.

E) In electrolyte solutions the main interaction is the long-range electrostatic
Coulomb interaction between ions.
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11. Which of the following inert electrolytes produces the largest increase in the degree
of dissociation of acetic acid {(using DHLL)?
A) 0.10 m CsCl
B) 0.01 m CaClz
C) 0.10 m CuCl;
D) 0.001 m NaCl
E) 0.001 m KBr

12. The correct Nernst equation for the reaction
Al(s) + OH(aq) + 3 H20(1) — AI{OH)(aq) + 3/2 Ha(g)
is (do not use activities in the reaction ratio Q):
A) E=E°-(RT/F)In Q with Q = (P(H2))*? [AI(OH)s})/[OH]
B) E=E°-(RT/3F) In Q with Q = [H2}*? [A{OH)"1/{[Al(s)][OH"]}
C) E=E°-(RT/3F) In Q with Q = (P(H2))*? [AII[{OH)V/[AL(s)]
D) E=E°®-(RT/F) In Q with Q = [AI{OH)41P(OH }{OH"]
E) E=E°-(RT/3F}In Q with Q = (P(H2))*’[A(OH)«J/[OH]

13. Enough of the salt AB(s) is dissolved in a certain amount of water to bring it into
equilibrium with the ions A’ (ag) and B*~(ag). If the equilibrium concentration of
A" is 7.6x107° mo/ kg', and the Debye Hiickel Limiting Law (DHLL} is obeyed at
this concentration, Ksp for the salt is:

Ay 490x107°
By 522x107
C) 8.46x10°
D) 578x107°
E) 4.59x107
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14. Which statement is TRUE?

15.

16.

A)
B)
C)
D)

E)

The sum of the stoichiometnic coefficients multiplied by the charges of each
reactant and product in an electrochemical reaction is always negative.

The Gibbs energy change of an electrochemical reaction at equilibrium is equal

to zero.

The sign of the Gibbs energy change of an electrochemical reaction at

equilibrium can be changed by changing the ionic strength.

The Gibbs energy change of an electrochemical reaction at equlibrium can be

changed by an applied electric potential.

The Gibbs energy change of a spotaneous electrochemical reaction at

equilibrium is negative.

Using activities, calculate the solubility of Ag:SO, (silver sulfate) in 0.025 M
aqueous KNQj; solution at 25°C. You may ignore the contribution of Ag™ and SO4*
to the ionic strength. [Ky of AgaSO.= 1.5 x 107]

A)
B)
C)
D)
E)

In the relation g, (5, = i +V R’T]n(

A)
B)
C)
D)
E)

0.052 M
0011 M
0.0041 M
0.023 M
0.0018 M

m

J+v RTIny, the value of V is:
m

4
)|
3
2
5

. Calculate the mean activity coefficient for a 0.002 M aqueous K2SO4 solution

assuming complete dissociation and that DHLL is valid.
Ay 0.711

B)
C)
D)
E)

0.62]
0.781
0.834
0918
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18.

19,

20.

In an electrochemicat cell the oxidation of oxalic acid (HOOCCOOH) to carbon
dioxide and water by permanganate ions, MnQa, in acidic solution has an
equilibrium for which InK = 778. What can be concluded from that fact?

A) Carbon dioxide and water are reduced to oxalic acid.

B} Almost complete conversion from reactants into products happens.

C) No reaction happens,

D) Almost only reactants can be found in the cell.

E) Permanganate cannot oxidize oxalic acid.

Which of the following statements is NOT CORRECT?

A) The activities y, and y_for the positive and negative ions of an electrolyte
cannot be measured experimentally.

B} The mean ionic activity coefficient of an electrolyte y, may be experimentally
measured.

C) At very low electrolyte concentrations, the experimentally measured mean ionic
activity coefficient, ¢, , is close to the y, value calculated using the Debye-
Huckel himiting law (DHLL).

D) At very high electrolyte concentrations, the mean ionic activity coefficient
¥, may reach values greater than 1.

E) Atall electrolyte concentrations, the mean ionic activity coefficient y, is less
than i,

0 I ‘6‘0
What is the pH of a buffer solution that 1s-8-238 m in CH;COOH and 0.150 n7in
CH,COONa, using the Davies equation (ignore the contributions from acetic acid

dissociation in the ionic strength) to calculate ¥+? [pK, of acetic acid = 4.76]
A) 4.63

B) 48]
C) 4.2
D) 4.52
E) 4.39
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Answer Key

1. E
2. D
3.C
4. C
5.C
6. A
7. C
8. E
9. E
10. A
11. C
12. E
13. A
i4. B
15. D
16. E
17. D
18. B
19. E
20. D
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Useful Physical constants and Formula

PHYSICAL CONSTANTS:

Useful Equations:

R =8.314 I mol! K!

A=xc, G=1/R=x(Al)

R =0.08314 L bar K-' mol” A=he+ A
ks =1.381 x 10® J K" o= AA;
1J=1kgm?s? K = co?/(1 - a)

latm=1.10t325%x 10° Pa

Am = A% — K (c/co)if?
I/Am = I/Aom + CAm /[(Aom)Z Ka ]

1 atm = 1.01325 x 10° Pa; ] bar = 10° Pa;

DHLL: log7. ==-z |z | BVI

Davies Eq.: Jog .= - Blzsz| [(VIV/{1 + (ND} - 0.30 []
in water at 25 °C: B=0.51 M

I Torr =1 mmHg = 133.322 Pa

1
I= Ezfcfzf

g=98lms? A® = RT/zF In (ci/cy)
RT/F=0.0257 at 298 K

0°C=273.15K E = E° - (RT/z F) In(Q)
L =6.022 x 10% mol” {Avogadro's number) | AG = - zFE
h=6.626x 10713 AS = z F QF9T),
F =96500 C mol! AG= AH-TAS

=2.998x 108 m s’ d of tight VL) _ oM a Y
c=2998x10°ms (speed of light} Jéw _7{%

£ = 8.854x102CN'm?

pH = - Log [H*]

£ =78 at 25°C Kw=[OHT [ H]

e=1602x107C AG sopvaiion =(1/8r — 1)2*€*Na/(87gor)

E° = (RT/z F)In(k°) x = [2e2NA(1000 L m~)/(goksT)]"? [psa /&:]'?
aa' = t+ Q/FcA (travelled distance) | AG=RT In (ci/c2)

Hydrogen Electrode:

H" (aq) + € (g) — %4Ha

E°=0V

Silver-Silver Chioride: ¢ + AgCl (s) — Ag (s) + Cl (aq)
Calomel Electrode: e + %2Hg:Cla(s) — CI' (ag) + Hg (1}
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1. The correct Nemnst equation for the reaction

Al(s) + OH(aq) + 3 H,0(l) — Al(OH)s(aq) + 3/2 Ha(g)

is {do not use activities in the reaction ratio Q):

A)
B)
C)
D)

E)

E = E° - (RT/4F) In Q with Q = [Al(OH)s JP(OH-)/[OH]

E = E° - (RT/4F) In Q with Q = (P(H2))*? [AI(OH)«)/[OH ]

E = E° - (RT/3F) In Q with Q = (P(H))**[Al(OH)s1/[OH]

E = E° - (RT/3F) In Q with Q = (P(H2))*2 [AIJ[(OHYVIAL(s)]

E = E° - (RT/3F) In Q with Q = [H2] ** {AOH)« )/ {[Al(s)][OH]}

. Which of the following statements is NOT CORRECT?

Deviations from ideal behavior begin at lower concentrations for electrolyte
sclutions than for nonelectrolyte solutions.

In electrolyte solutions the main interaction is the long-range electrostatic
Coulomb interaction between ions.

The attractive and repulsive interactions between ions depend on their charge
and size.

Henry's law is obeyed up to concentrations of unit molality according to its
hypothetical standard state.

The attractive and repulsive interactions between ions depend only on their
chemical identity,

. Consider the cell

Pi(s)|CLa(g)IClO2 {aq)l|Cr20-"(aq)|Cr(s).

In acidic medium, how many electrons are exchanged in this cell reaction (balanced
with the smallest possible set of integer coefficients)?

A)
B)
)
D)
E)

6
15
3
9
12
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0,150
4. What is the pH of a buffer solution that is €250 m in CH:COOH and 0.150 m in
CH;COONa, using the Davies equation (ignore the contributions from acetic acid

dissociation in the ionic strength) to calculate ¥£? [pK, of acetic acid = 4.76]
A) 4.39
B) 4.21
C) 452
D) 4.63
E) 481

S. Calculate the mean ionic molality and the mean ionic activity of a 0.115 m KsPO,
solution for which the mean ionic activity coefficient is 0.125.
A) 0.0531 mand0.108
B) 0.155m and 0.0819
CYy 0.105mand 0.0215
D) 0.295 mand 0.0411
E) 0.262 mand 0.0328

6. Using activities, calculate the solubility of Ag:SQO4 (silver sulfate) in 0.025 M
aqueous KNQ; solution at 25°C. You may ignore the contribution of Ag' and SO4*
to the ionic strength. [Kyp of AgaS04=1.5x 107]
A) 0.0018M
B) 0.0041 M
¢y 0.023M
D) 0.052M
E) 0.011M
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7. Which of the following statements is NOT CORRECT?

A} Atall electrolyte concentrations, the mean ionic activity coefficient y, is less
than 1.

B) At very low electrolyte concentrations, the experimentally measured mean ionic
activity coefficient, 7, , is close to the y, value calculated using the Debye-
Huckel limiting Jaw (DHLL).

C) At very high electrolyte concentrations, the mean ionic activity coefficient
¥, may reach values greater than 1.

D} The activities 7, and y_for the positive and negative ions of an electrolyte
cannot be measured experimentally.

E) The mean ionic activity coefficient of an elecirolyte ¥, may be experimentally
measured.

8. In the relation g, oo, =ty +V RT]n(%)H’ RTIn y, the value of V is:
A)
B)
)
D)
E)

oD —

9. Assume that the following reaction has a zero voltage (by definition as new
standard):
Fe**(aq) +2 e — Fe(s)
What will be the voltage of the following reaction versus this new standard:
Iis) +2 e — 2 I(aq)
given: E% pe = -0.447 V and E°na- = 0.536 V versus standard hydrogen electrode?
A) 0259V

B} 0.931V
C) 0983V
D) -0.536V
E) 0447V
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10.

Which of the following inert electrolytes produces the largest increase in the degree
of dissociation of acetic acid (using DHLL)?

A) 0.01 m CaCl;

B) 0.001 m NaCl

C) 0.001 m KBr

D) 0.10 m CuCl

E) 0.10 m CsCt

. Calculate the mean activity coefficient for a 0.002 M aqueous K;SQa solution

assuming complete dissociation and that DHLL is valid.

A) 0.621
B) 0.834
C) 0918
D) 0.78]
E) 0.711

. With respect to the mean ionic activity coefficient variation, y, , with the square root

of the ionic strength, JT | foran electrolyte which of the following statements is
CORRECT?
A) At high ionic strength y, > 1, solubility increases to keep the solubility product

constant, resulting in the salting in effect.

B) The ¥, increases as JT increases, ai all electrolyte concentrations.

C) The y, decreases as JI increases, at all electrolyte concentrations.

D) At high ionic strength 7, > 1, solubility decreases to keep the solubility product
constant, resulting in the salting out effect.

E) The y. decreases as JI increases, and in turn solubility must decrease
resuiting in the salting out effect.

Version 3 Page 6




13.

14.

15.

Consider the following cell at 25 °C.
Co(s)|Co?*(aq, a = 0.832)||Cr’*(aq, a = 0.342)[Cr(s)
Using the standard potentials: E°co®'ico = -0.280 V and E°c*rcr = -0.744 V, what
happens spontaneously in the cell?
A) Chromium is deposited.
B) Chromium dissolves.
C) Electrons flow from Cobalt to Chromium
D)  Cobalt dissolves.
E) Cannot be determined.

Determine the cell voltage for the following electrochemical reaction at 25 °C:
Sn(s) +2 Ag'(aq) — Sn’'(aq) + 2 Ag(s) E°can=094V

given that aqueous 0.10 M AgNGs and aqueous 0.050 M Sn(NO:s). solutions are

used 1o set up the cell.

A) 092V

By 097V

C) 097V

D) 086V

Ey 092V

In an electrochemical cell the oxidation of oxalic acid (HOOCCOOQH) to carbon
dioxide and water by permanganate ions, MnQOy, in acidic sclution has an
equilibrium for which InK'= 778. What can be concluded from that fact?

A) No reaction happens.

B) Permanganate cannot oxidize oxalic acid.

C) Almost only reactants can be found in the cell.

D) Almost complete conversion from reactants into products happens.

E} Carbon dioxide and water are reduced to oxalic acid.
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16. Enough of the salt AB(s) is dissolved in a certain amount of water to bring it into
equilibrium with the ions A**(aq) and B* (aq). If the equilibrium concentration of

A* is 7.6x107° mol kg™, and the Debye Hiickel Limiting Law (DHLL) is obeyed at
this concentration, Ksp for the salt is:

A) 8.46x107°
B) 578x107°
C) s5.22x107
D) 4.59x107?
E) 4.90x107

17. An electrochemical cell is made by connecting an aluminum strip in 0.40 M
Al(804); solution to a copper strip in 1.00 M CuSQaq solution at 25 °C. Given the
standard potentials: E°c,%'ico = 0.34 V and E°% /a1 = -1.67 V, determine the cell
voltage, assuming that the copper sinp is gaining mass and that the aluminum strip is
losing mass.

A) 220V
B) 2.01V
) 1.02V
D) 0.00V
E) 111V

18. Which statement is TRUE?
A) The sign of the Gibbs energy change of an electrochemical reaction at
equilibrium can be changed by changing the ionic strength,
B) The Gibbs energy change of a spotaneous clectrochemical reaction at
equilibrium is negative.
C) The Gibbs energy change of an electrochemical reaction at equlibrium can be
changed by an applied electric potential.
D} The Gibbs energy change of an electrochemical reaction at equilibrium is equal
to zero.
E) The sum of the stoichiometric coefficients multiplied by the charges of each
reactant and product in an electrochemical reaction is always negative.
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19.

20.

For fluorine, F», the standard potential is E%2+ = 2,87 V. Given that
E°22zn = -0.761 V, E%,"ag = 0.800, and E°ay"/au = 1.68 V
and assuming a fluorine electrode is made from fluorine bubbling over an inert metal
surface, what will happen in a cell made of this fluorine electrode and one of the
above mentioned metals in the standard state?
A} Fluorine oxidizes Zn, but not Ag and Au.
B) Fluorine oxidizes Zn, Ag, and Au.
C) Flourine oxidizes Zn and Ag, bul not Au.
D) Fluorine oxidizes none of these metals.
E) Fluorine reduces all those metals.

Consider the following cell at 25 °C:
Ag(s)|AgNOs(aq)|AgI(s)|Az(s)
Given the standard potentials: E%g"/ag = 0.799V and E°apvag = 0.061V, calculate pKs;,

of Agl.

Ay -125

B) 3.352x 10"
C) -145

D) 125

E)y 145
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Answer Key

1. C
2. E
3.E
4. C
5. E
6. C
7. A
8. D
9. C
10. D
11. B
12. D
13. B
14. A
15. D

E

B

D

B

D
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Useful Physical constants and Formula

PHYSICAL CONSTANTS:

Useful Equations:

R=8314Jmol' K

A=xc, G=l/R=x(Al)

"R =0.08314 L bar K”' mol” A=ha ot A
ks=1381 x 108 JK" o= AAs,
17=1kgm?s? K =ca?/(1 - o)

1 atim =1.101325x 10° Pa

Arn = Aom — K (C/C(})”Z
UAm = VA% + cAm /[(A%)? Ka ]

latm=1.01325x 10° Pa; | bar=10° Pa;

¥

DHLL: 1087, ==z, |z | BJI

Davies Bq.: log == - Blz.z| [(VI/{1 + (N} - 0.301T]
in water at 25 °C: B=0.51 M

g =78 at 25°C

|

1 Torr=1 mmHg = 133.322 Pa 1 >

I = 5 Z ; c,z,
2=981 ms? A®D = RT/zF In (c,/c2)

RT/F=0.0257 at 298 K
0°C=273.15K E=E° - (RT/zF) I(Q)
L =6.022 x 10% mol' (Avogadro's number) | AG = - zFE
h=6.626x 10%%]s AS=zF (0£dT),

| F=96500C mol! AG= AH-TAS
=2998x 10*m s’ ight Y o

c=2998x10°ms (speed of hight) J}irvw}:y:y_/
€0 = 8.854x 10" 2C?N"'m"? pH = - Log [H"]

Kw=[OH] [ H']

e=1.602x10"°C

AGsomation =(1/8: — 1)2%*Na/(87eor)

E° = (RT/z F)in(&°)

K = [262NA(1000 L m~Y(eoksT)]"2 [peot Ver] 2

[aa' = t. Q/FcA (travelled distance) | AG=RT In (ci/c2)
Hydrogen Electrode: H* (aq) + e (g) — “2Ha E°=0V
Silver-Silver Chloride: & + AgCl (s) — Ag (s) + Cl (aq) E°=0.22233V

Calomel Electrode: e + ¥2Hg:Clx(s) — ClI (aq) + Hg (1} E°=0.13337V
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1. Assume that the following reaction has a zero voltage (by definition as new
standard):
Fel'(aq) +2 e — Fe(s)
What will be the voltage of the following reaction versus this new standard:
[2(s}+2 e — 2 I(aq)

given: E%* e = -0.447 V and E°ua- = 0.536 V versus standard hydrogen electrode?
A) 0983V
B) 0447V
C) -0536V
D) 0931V
E) 0259V

2. The correct Nernst equation for the reaction
Al(s) + OH(aq) + 3 H20(1) — AJ(OH)a(aq) + 3/2 Ha(g)
is (do not usc activities in the reaction ratio Q):
A) E=E°-(RT/4F) In Q with Q = (P(H:})*? [Al(OH)+)/[OH]
B) E=E°-(RT/3F) In Q with Q = [Hz] *? [AI{OH). ]/ {[A}(s)][OH]}
C) E=E°-(RT/4F) In Q with Q = [AI(OH)+]P(OH")/[OH]
D) E=E°-(RT/3F) In Q with Q = (P(H:}}**[AL{OH)+/[OH"]
E) E=E°-(RT/3F) In Q with Q = (P(H2))*? [AIJ[(OH)/[Al(s)]

3. Which of the following inert electrolytes produces the largest increase in the degree
of dissociation of acetic acid {using DHLL)?
A) 0.001 m NaCl
B) 0.001 m KBr
C) 0.10 m CuCh
D) 0.10 m CsCl
E) 0.01 m CaCl,

Version 4  Page 3




4. Consider the following cell at 25 °C:
Ag(s)|AgNOs(ag)Agl(s)Ag(s)
Given the standard potentials: E%g"rag = 0.799V and E%aguag = 0.061V, calculate pKgp

of Agl.

A) 145

B) -125

C) 125

D) 3.352x 10"
E) -14.5

5. Using activities, calculate the solubility of AgSOq (silver sulfate) in 0.025 M
aqueous KNO; solution at 25°C. You may ignore the contribution of Ag” and SO.*
to the ionic strength. (K, of Ag2S0s= 1.5 x 107]
A) 0.0041 M
B) 0.023 M
Cy 0.052M
Dy 0011 M
E) 0.0018M

6. For fluorine, F2, the standard potential is E%a = 2.87 V. Given that
E®20 120 = -0.761 V, E®ag*1ag = 0.800, and By s = 1.68 V
and assuming a fluorine electrode i1s made from {luorine bubbling over an inert metal
surface, what will happen in a cell made of this fluorine electrode and one of the
above mentioned metals in the standard state?
A} Flounine oxidizes Zn and Ag, but not Au.
B) Fluorine oxidizes Zn, buf not Ag and Au.
C) Fluorine oxidizes Zn, Ag, and Au.
D) Fluorine oxidizes none of these metals.
E) Fluorine reduces all those metals.

7. Calculate the mean ionic molality and the mean ionic activity of a 0. 115 m K3POa
solution for which the mean ionic activity coefficient is 0.125.
A} 0.262 mand 0.0328
B} 0.105 mand 00215
C) 0.295mand 0.0411
D) 0.0531 mand 0.108
E) 0.155mand 0.0819
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8.

10.

Consider the following cell at 25 °C.
Co(s)|Co**(aq, a = 0.832)||Cr**(aq, a = 0.342)|Cr(s)
Using the standard potentials: E®co**ico = -0.280 V and B icr = -0.744 V, what
happens spontaneously in the cell?
A) Chromium dissolves.
B} Electrons flow from Cobalt to Chromium
C) Cobalt dissolves.
D) Cannot be determined.
E) Chromium is deposited,

Enough of the salt AB(s) is dissolved in a certain amount of water to bring it into
equilibrium with the ions A% (aq) and B (ag). If the equilibrium concentration of
A* is 7.6x107° mol kg™', and the Debye Hiickel Limiting Law (DHLL) is obeyed at
this concentration, Kgp for the salt is:

A) 522x107°
B) 8.46x10"
C) 4.90x10™
D) 5.78x107°
E) 4.59x10”

LR

What 15 the pH of a buffer solution that is 8258 m in CH3;COOH and 0.150 min
CH3sCOONa, using the Davies equation (ignore the contributions from acetic acid

dissociation in the ionic strength) to calculate ¥£? [pK, of acetic acid = 4.76]
A) 4.52
B) 4.39
Cy 4.63
D) 4.3]
E) 4.21
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I'l. Inthe relation pp, o, =t +V RTln(g]+v RT1Iny, the value of V is:
A)
B)
C)
D)
E)

Lh — W N

12. Determine the cell voliage for the following eiectrochemical reaction at 25 °C:
Sn(s) +2 Ag*(aq) — Sn*'(aq) + 2 Ag(s) E%m =094V
given that aqueous 0.10 M AgNO; and aqueous 0.050 M Sn(NQOs): sclutions are
used to set up the cell,

A) —097V
B) 0.86V
C) 092V
D) 092V
E) 097V

13. Which of the following statements 1s NOT CORRECT?

A) The attractive and repulsive interactions between ions depend only on their
chemical identity.

B) Henry's law is obeyed up to concentrations of unit molality according to its
hypothetical standard state.

C) In electrolyte solutions the main interaction is the long-range electrostatic
Coulomb interaction between ions,

D) Deviations from ideal behavior begin at lower concentrations for electrolyte
solutions than for nonelectrolyte solutions.

E) The attractive and repulsive interactions between ions depend on their charge
and size.
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14. Which statement is TRUE?

A)
B)
C)
D)

E)

A)
B)

C)

D)

E)

The Gibbs energy change of an electrochemical reaction at equilibrium is equal

to zero.

The Gibbs energy change of an electrochemical reaction at equlibrium can be

changed by an applied electric potential.

The sum of the stoichiometric coefficients multiplied by the charges of each
reactant and product in an electrochemical reaction is always negative,

The Gibbs energy change of a spotaneous electrochemical reaction at

equilibrium is negative.

The sign of the Gibbs energy change of an elecirochemical reaction at

equilibrium can be changed by changing the ionic strength.

. Which of the following statements is NOT CORRECT?

At very high electrolyte concentrations, the mean ionic activity coefficient

7, may reach values greater than 1.

The activities y, and y_for the positive and negative ions of an ¢lectrolyte
cannot be measured experimentally,

At very low electrolyte concentrations, the experimentally measured mean ionic
activity coefficient, y, , 1s close 10 the y, value calculated using the Debye-
Huckel limiting law (DHLL).

The mean ionic activity coefficient of an electrolyte ¥, may be experimentally
measured.

At all electrolyte concentrations, the mean ionic activity coefficient 7, is less
than 1.

. With respect 1o the mean ionic activity coefficient variation, y, , with the square root

of the ionic strength, J7 , for an electrolyte which of the following statements is

CORRECT?

A) The y, decreases as V1 increases, and in tum solubility must decrease
resulting in the salting out effect.

B) The y, decreases as \ﬁ increases, at all electrolyte concentrations.

C) At high ionic strength y, > 1, solubility decreases to keep the solubility product
constant, resulting in the salting out effect.

D) At high ionic strength y, > 1, solubility increases to keep the solubility product
constant, resulting in the salting in effect.

E) The y, increases as v/ increases, at all electrolyle concentrations.
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17.

240.

In an electrochemical cell the oxidation of oxalic acid (HOOCCOOH) 1o carbon
dioxide and water by permanganate ions, MnOxg', in acidic solulion has an
equilibrium for which [nK'= 778. What can be concluded from that fact?

A) Almost compleie conversion from reactants into products happens.

B) Carbon dioxide and water are reduced to oxalic acid.

()} No reaction happens.

D) Permanganate cannot oxidize oxalic acid.

E} Almost only reactants can be found in the cell.

. Consider the cell

Pi(s)|ClA{g)IC102 (aq) (| Cr2077(aq)(Cr(s).
In acidic medium, how many electrons are exchanged in this cell reaction (balanced
with the smallest possible set of integer coefficients)?

A) 15
B) 12
C) 6
D) 3
E) 9

. Calculate the mean activity coefficient for a 0.002 M aqueous K»SQOa4 solution

assuming complete dissociation and that DHLL is valid.

A) 0918
B) 0.78]
C) 0834
D) 0.711
E) 0.621

An electrochemical cell is made by connecting an aluminum strip in 0.40 M
Al2(SO4}s solution to a copper strip in 1.00 M CuSO; solution at 25 °C. Given the
standard potentials: E°cy® ¢y = 0.34 V and E°ar*" a1 = -1.67 V, determine the cell
voltage, assuming that the copper strip is gaining mass and that the aluminum sirip is

losing mass.
Ay 111V
By 220V
¢ 201V
Dy L02V
E)y 0.00V
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Answer Key

1. A
2. D
3. C
4. C
5.B
6. C
7. A
g A
9. C
10. A
11. E
12. D
13. A
14. A
15. E
6. C
17. A
18. B
18. C
20, C
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Useful Physical constants and Formula

PHYSICAL CONSTANTS:

Useful Equations: - |

R=5314 I'mol! K& )

A=xc. GolR=x(N)

R =0.08314 L bar K" mol" A=Atk
ks = 1381 x 105 J K 0= AA, T
11=1kgm?s? K=co?(l —o)

I atm=1.101323 x 10° Pa

An= Aom -K (Cfcﬂ)m
ViAn= UA%+ cAm ff[(/\om)z K]

i atm = 101325 x 107 Pa; § bar = 1{* Pa;

-

DHLL: logy, =-z,1z2. le‘q

Davies £q.7 log ve=- B |z-z| [(VI}{1 + (V1)) - 0 30 II]
in water at 25 °C: B = 858920, 51 3 1+

1 Tore = | mmHg = 133 322 Pa

| 2
I = Ez’:fc}zf

£=7T8 at 25°C

=981 ms? AQ = RT/zF In {ci/c)
RT/F= 00257 at 295 K
0°C=273.15K E=E° ~(RT/z F) In(Q) ]
L=6.022 x 10* mol"' (Avogadro's number) | AG = - 2FE
h=6.626x 10%1s AS =z F(3E/dT),
F=26500 C mol* AG= AH-TAS
€=2998x 108 m g {speed of light) ly{v;—v 3 :yﬂ ‘Vv
€, = 8.854x 1 2CN'm? pH =- Log [H]

K= [OH] [ H7)

e=1.602x10""C

AGsatvnon :( lfrsr -1 )ZzezN Al'f(gi"EEn[)

E® = (RT/z F)ln{4™

K = [2eZNA(1000 £ m ) {gksT)]"? [psol Vgr)?

aa' = t. Q/FcA (travelled distance)

AG=RT [n {ci/cs)

Hydrogen Electrode:

H" (aq) + & (g) — ¥iH;
Silver-Silver Chlonde: ¢ + AgClis) — Ag(s)+Ch {aq)
Calomel Electrode: e + WHpaClals) — Cl {ag) + He (1)

EP=0V
E*=0.22233 V
Ee=013337 V




L.=f cipesmli o™+ . c‘-—i)‘z) SO oz

lo i =g . She e =2) ]/0.(,‘4':_':“ s e G2 TG
/go = 7
+ L=
A‘p;e r&‘q

= - "é 12~?£ .

Solee L ,jf ')Cy £ 5 1. Using acteviues, caleulate the solubiliuy of Ag:SOs (silver sulfate} n 0,025 M
agueous KNQOs solution at 25%C. You may ignore the contribution of Ag™ and SO.*

%;aﬂ ) L ic SlTEﬂEth [K}‘ of Ag SO«— £.5 % 107
; “ /4: i IO J/
N By 0.052 M . [ :;
7'5“} A % 2

C) 0.011
D) oom%M = (25)% e y = 'fg yf
(Jc)ﬁ PRy E) 0.0041 M K Z

j:[ﬂijQ,) _S-'-"_ 2 _—4_{ 3 y =
Iz }/ ;( 8.6428¢ )/g'/\ uo“‘“M»fd 022547

2. Which of the following inert electrolytes produces the largest increase in the dcg; ce VS g
of dissociation of acetic acid (using DHLL)? R =2 P s P "‘fﬂ

2y 0lomCuCli ¥ 1= L .o, Con (442) = 2
B) 0.00TmNaCl — | %, edo laspetl M"f“ﬁx
C) 0.001 m KBr ‘“;boorm{f-u)ﬁy,oo(m
Dy 010mCsCl T~ ¢ . oy PR
E) 00(mCaCl ' T3 ¢ 00cm cGes

h=4 O (1) =80 n

/=‘_;0,D?'Jm/e+2~) = &0 3 #

w 3 JZ) 3. Calculate the mean activity coefficsent for a 0.002 M agueous K50 solution
N ¥ assuming complete dissociation and that DHLL 1s vahd.

( 2. |y,
- < <, 3 = . > - s -
Co2™ Cruo, “B) 0918 Yo It @ st 2 7
) 0.711 o L 2N ool 9= —0.0FT 00 J
J.ﬁlfmﬁg”' 2% ) o6 = -l ook ’
Ey 0.781 —- O.0FEF 00§
I _ -
‘svf;) Yo = -~ O~ 833 66
(hu oodtY s dmzm) = . 83"{
WM =000l M
=4 (2{. L{) L0 o0 4. What is the pH of a buffer sofution that is @250 a2 in CH3COOH and 0.130 e in
- CH;COONa, using the Davies equation (ignore the contributions from acetic acid

dissociation 1n the ionic strength) to calculate ¥=? [pK. of acetic acid = 4.76}
A) 2 L"‘h‘ffl see /‘)&71'-(_ R7[7£C-!"1 'nd#%
C) 4, 2I

D) 43I P

Ey 4.39




2.

= L= M A< S (4T 2
/{’ = (:o,-fr.f? : _ : Cj 2/
A a = “ ~1'7(Q
3/( <) =1 Ao = Acet

S I
déf"'c e 0/: oA sro Iy el LF
2z

z

£

K, =

c? - x
o0 Iaed L,_ﬁ’f 04,’,~f_rM(L=J‘»am
oZrJfoc:r.;e{r(,(; .
1’(1 Smwd‘f = P —x = C

X’“ z
Ko~ =
= = g
\/;_E L
” 5“:J)*(a6: ’y-_r_l Smau.(,.{{'
=7 /M/{a};’— }J/I, —= Lacrj’ﬂj X
2.1 VT
[(}:f d/ = - G-J'f'f Z,
ffo _+_ (@m yﬁ
)/+ = fe

(0‘;1_5/:: ‘nc’jcxié?’f/?)
=) [dszjavz" r i J'Maé/laj & [%ﬁ

rrroetlert—x ‘—/‘*’"”}f‘""tx

e )

lb’:\“ﬂ)/i 51 e y:’?c7




‘7/ /(q = P e 2

5
mHﬁc z
yOn) wf | o, 2%
2 )(('mo -?'K) = - 47 s
[( = ¥ A Ka = 0 = [[FRFE& 2
&L T ., )
(m® , —x) )
L) R oy e P ks o i
= = - L T = T
§ e T e f) I e ——ad r*
= = X Py L4 = _—
- food o LT PN 2N x
X Very Smecdd = _‘2__ 7[;«:;);1 Al A cr.-,/o:n&'/
/
f:;«o&s»ﬂ [!'/+L?+ fi-nT) = o5 m
VT ]
= - L fiee-1)l — - 2,37
¥ log g, o.siol //;1JI
- Va8
=g, X —_— —-.0.3>~o,t:}
[+ Jo.uc
= —o.11 943
- .13
Jy, = ¢ = J,3595*F
-5
t SO e
Z. 52
X = I v oy T = 5__‘}:_&./,//?-—} .

(0. 35752)°

J.orzeg
pH= —log  (5o3es,07)

I

YroTETE Y I2

G = .32




’)'r]t 7’11*_?-‘ M_‘* 13 1-)+TL)_.: 3’")-'-1‘21
’)’n" = 3&};/}0 { Tl = mc'
u ¥ 223 1 g3
')-y]_t = (3\0‘,{;5‘)\0‘”5 = lf|? - ijﬁ,/.
<31

5. Calculate the mean ionic molality and the mean 1onic activity of a 0.115 m K:POu
solution for which the mean wme activity coeflicient 15 0.125.

[ 0262 m and 0.0328 ] <
B} 0.155 m and 0.0819 My = ]/‘-'119213-;0“
Cy 0.0531 m and 0.108

Dy 0295 mand 0041] = p2edlm = O, 262 ,4

E}y 0.105 m and 0.0215 5 « Y
Xy = =Y J),,: Sy = e a,;_
L4 - : . =
*r = O, 262§ - 01285 = 570_3&.?-é__ o_g.g_&/

W et 50 yé“‘ / 6. An electrochemical cell is made by connecting an aluminum stnp in 0 a4’ M
& Al(804); solution to a copper strip m 1.00 M Cu80, solution at 25 *C. Given the

' Cea : standard potentials. E%c.2* i, = 0.34 V and E® /" = -1.67 V. determine the cell
(‘(!": Ye™— Cen } |3 vo]ltage, agsuming that the copprg strip 15 gaiming mass and that the aluninum stop s
losing nass. EC = (0 M+ L ER)V = 2. ot V
werss /os_r of AL i LALP 2
B) 220V 5,—._50—— /1 _—ﬂ =2 r__ZT.:}MV’ [pfc?}
Al 940> +3¢ N 2. (rAY v.+J 23" — helaall
¢ 2AcC DJ LUN o 2 oyv— 42832 16730 fq 264 (o )
3 s4CT E) 000V ) ‘ =N 4 L21) = 203V =2 ’
) 3&41“ 3y 22..0.“\f"’fa2333’»"0 vc—o(‘f - v = L e
- ¢ ¢ J 08 M
N= o[ﬁ o o o P
U= BEL v Efed 1 Foc™ ~Bl v EP=E o, Tal
7. De[ermmL the cell voltage for the following electrochemical reaction at 25 °C.
Snis) +2 Ag'{aq) — Sn¥(aq) + 2 Ag(s) Elen =094V _91__%*
given that aqueous 0.10 M AgNOs and aqueocus 0050 M Sn{NC;): solutions ure
uy the celt, 0 zE8&F mV &Y _}
A) 092V £E=E" - —
B) 097V J
C) 086V = 0,94V = (2835 mV _g,, 2:°F
Dy 052V (©. v*
£ 09ty =0V - &SV L, 3T = p 919V
=2,92L/
A+ _ [
8. The correct Nernst equation for the reaction Al 2 AL + 3¢ = 3

Al(s) + OHaq) + 3 H:O(1) — Al(OH ) (aq) + 3/2 Ha(g)

15 (do not use activities in the reaction ratio Q).
’@E = E°- (RT/3F) In Q with Q = (P{H2})**[Al{OH 4" [/[O] Cow’e_c?L ]
B) E=E°-(RT/3F) In Qwith Q = [Hy] ¥ [AUOH ) I [ANS)[OW]} w Ferag PlHL )
C) E=E°-(RT/A4F}In Q with Q = [AOM]IPIOH¥OH] Wy s =3
D) E=E°- (RTAF) ln Qwith Q = (P(H )™ [AJOHY VAN wvéuy [A(Com), ) min,
E}y E=E"-(RT/M4F)In Q with Q (PCH21 [AKOHWY[OHT] (oi} n= o3

A{‘HAL *35,“

- - { —
H & — EH‘Z-Ju 3 ’?Z_____}
Ace3n™ — a0’ Iy
+ - 3~

T T oAy 5 .. PR




2, Assume that the following reacton has a zero voltage (by definition as new
standard}):
Fel*(aq)+ 2 ¢ — Fels)
What will be the voltage of the following reaction versus this new standard
Las)y+ 2 e — 2 I{aq} .
given: E% e = -0.447 V and E"y4- = 0 536 V versus standard hydrogen electrode? (f/‘r’E/
Ay 0983V

B) -0536V
C) 047V v
2V e o . 5uE
D} 0259V —o il ‘ 5 e
E) 0931V ~ - —2 &
e fre SHE AT

'-'___'__,_.———_—._,—f
(OMUF T 0, 5¥E ) V= 0,983V

10. Which statement 1s TRUE?
}{ The Gibbs energy change of an electrochemical reaction at equihibriam 1s equat

0 zero.  CoyYreé ol

B} The Gibbs encrgy change of 2 spotaneous clectrochermical reaction at
equilibriom is negative. wﬂ:u-fi

) The sign of the Gibbs energy change of an electrochemical reacnon at
equilibrium can be changed by changing the iome strength, Wrosa

D) The Gibbs energy change of an electrochemical reaction at equlibrium can be
changed by an applied electne potenual.  w vong

E} The sum of the stoichiometric coefficients imultiphed by the charges of each

reactant and praduct imn an electrochemical reaction 15 always nepative.

wre ry

1. Which of the following statements 1s NOT CORRECT?

lA) iThe attractive and repulsive mieractions between jons depend only on their
chemical wdentity mot covreek (alsc i of/ 1t /)

B) Deviations from ideal behavior begin at lower concentrations for electrolyte
solutions than for nonelectrolyte solutions. Cevre cf

C}  In electrolyte solutions the main interaction 1s the long-range electrosiatic
Coulomb interaction between wons. Corve ¢

D) The attractive and repulsive interactions between 1ons depend on their charge
and side. eV E ot ( np on 17 ’

Ej  Henry's law 1s obeyed up to concentrations of unit motaly according 1o 11y
hypothetical siandard stale. ey pie C,,L 3

‘7{’%}/;;-{-;0;7 cf Menyy ‘5 lea v
“S-f\f"” '?(q/x/ =g J\')éaﬂ%




Y
12, [0 the relavon e o0 = g, +p-R;r[n[,’i iy RT In p, the value of Vg
; - wo )

@ = 2 "))__ =

B) 2 Ve 3
OV | PN 2 o= 2. -
o 22 t3 =
By 3

. z_
e 7 Y PRy A . IS c
Ja¥)=0BY) Ky =(aT)BT) T = caT]
13. Enough of the salt A8(s) 15 dissolved 1n a certain amount of waler to bring 1t into
equilibrium with the ions 4" (ag) and 87" (ag) 1fthe equilibrium coneentration of
A g 7 6x10” mof kg™, and the Debye Huickel Luniting Law (IXHLL) 15 obeyed at N
. . e e N 2
this concentration, Ky, forthesaltss T = 2.6 40 3‘,'1 (1\ £2) Ly -2 ) Sy

-9 —_ —_ .
A) _490x10 F=h R o, o 3o 07,

B) 522107 g, e st 2~ T+
Cy 578%10” RS [2¢ "’/’”

D) 4.59x10° = ce Tt V3,0, 05T = 0. 033SEF
E) 846x1i0™ Y. = £.92.i38

=.

i

-9 .
;,(SP = (3L f/o"*r)&‘ (0:?213()1_-_4‘?’03-105?; 4.9 &

14, With respect to the mean ionie activity coeffictent vanation, ¥, . with the square root

of the tonic strength, \/? for an electrolyte which of the following statements 15

CORRECT?

A) T Athigh ionic strength », > |, solubility decreases to keep the solubtlity product
constant, resuiting in the salting out effect. {93’ ve C:{p-

B) The y, increases as '/ ncreases, at all electrolyte concentrations. %/ Voﬁf/’

C) The y, decreases as JI increases, at all glectrolyle concentralions  ta/f fox-r.f

D) The y, decreases as Ji increases, and 1 turn selubdity must decrease

resuliing 1n the salting out effect.
E)  Athigh ionic strength y, > [, solubility increases to keep the solubility product

constant, resulting in the salting 1n effect
(A 14!51’1 T 2y, (hcreaser = soly ol
i ‘ ’ y
/T e i JVF Ace reee i< te kc.?;{/‘o Ks/? S e s

RS |
I)\\_/ JAL{'-ll-tj @ W o ag € Jc'c.ﬁ'?(f”ﬁ ' IA/Z:"-"‘( ‘;/I C‘/((cy‘cﬁ;,‘,&?

W‘;—(Lz‘ fk”‘;""f(kJ/"”j E
Ef\ @ Oppc—; S‘;’}-F O‘* @ -::? Wlfﬁlfty’




15 Which of the following statemenss is NOT CORRECT?

AY { At all electrolyte concentrations, the mean 1onic activity coetficlent y, is less
than |, w7y

B) The mean wonic activity coefficient of an etectrolyte y, may be experimentally
measured ¢ sl c.‘IC

C) Al very low clectrolyte concentrations, the expenimentally measured mean ionic
activity coefficient, y, | s close to the y, value calculated using the Debye-
Huckel limiting law (DHLL). & @ v ces

DY The activities 7, and ¥ for the positive and negative ions of an electroiyte
cannot be measured experimentally. ¢ @ ¥¥< ot

E) Atvery high electrolyte concentrations, the mean womie activity coeflicient
¥, may reach values greater than | corre. T

o o
o ¢ _ o e = s - .
N fo: f‘r(t"{ ‘rfl‘/f - ECV%‘#/C‘}’ df_fC’o('C’a&”c E‘C'/ /C'-V fC‘(‘Jz:r/(jo

Yigh€yce ¢ — :

{CfIL s o se ( { 16. Consider (he {ollowing cell a1 25 °C, = (0.7 +0, 280 IV = —o. LY v
’ 14 ‘ Co(s)Co*(ag.a = 0.832)|Cri*ag. a = 0342)|Cris)

2(/ + 3¢ Using the standard potentials. E°™ i = -0.280 V and B9 = -0.744 V, what

’ vy

- happens spontaneously in the cell? E=g°- TS v d‘l_p P2
—= Iy + 36 / A)  Chromum dlSSOl\r't‘S.E & £in z

B} Chromium is deposited. e oM 3
m=6& C) Cobalt dissolves. - (45‘%,
D) Electrons flow from Cobalt to Chromum = ~o. 46 ¥ V - 42333 wl f, =

L
. -3 (0,372
- . fe L BT TV
RS S AN BV

— FEVCy SC/TEQL?(!IQ)’? — (v o/(.}'Jc-(,y:ﬁ ¢ Co of(/){.) J/'?[C‘ﬁ/
e flow Cft £ 57 T Er0 T hore & -7
17, Consider the following cell a(r725 °C: f{: ‘ * ~ 7 o e /:/-’“at/

Ag{sHARNCa{aq)lAgl(s)|Agls)
Given the standard potentials: T, 7wy = 0.799V and E%apin, = 0061V, calculate pKe

OfAil. I /@‘lé{_ QX(.IO{QLGPPM . /47 - /&‘{‘ + & =

§3 1;35-5 'yr(ffrz{ yechee Filved s /‘ﬁ / **1; e — Ast /"~

o4 -

D) -14.5 overvell i Agl & Ay T .

E) 3352x 10" o _ £®_ 283 v fun (QM a.-)=£E -ZJ\%MV,%//
J/

E} Cannot be determined.

C?ib(}(f‘é}‘fid gt T R = A/,/,/ £ =
£° o L0 ‘TEO
**gn /(.sf = -2—3:—;_::} £ o= fr‘dff O
& - -
_ = ¢ 5° S —ESa :52.34{*5((#*(”*"5‘ a,w)y
= Fagtlay )EA/"{‘“";L Ayllay A5 lhy = —p, sV

"0;1}\31?1/ 73

L Koy = 5m 3 w28, 2IEAS Kip = 33793 00




Zn+ ¥, 7

c T"ﬁb, "
SiR™ Zﬁf/gh

Ca

7 ~ o ©
2 1~1 zF £ - Erzc,( tEo

!
h

s — € .
=EL s TEe 2, = (2870 30}V S 3063 v 5 0l
|

+ ~ o o o
Ag + F, 24 & F = - - .
_,2- L‘—'? VY F f;—z_é,:-.. fﬂq"“/A ‘[Zxcg‘l—@,éz)lf
1. For fluorine, Fa. the standard potennal 15 E¥rup = 287V Givén that

Eop i = -0.761 V. B4 one = 0 800, and E%” au=1.68 V =203V >0

and assunung @ fluorine electrode 13 made trom fluorne bubbling over an inert metal
surface, what will happen in a cell made of this fluonne electrode and one of the

A

B)
C)
D)
E}

above mentioned metals i the standard staie? P + FL — 2./4:4+ + 2F -

Fluorine oxidizes Zn, Ag, and Au.
Flourine oxtdizes Zn and Ag, but not Au, o
Fluorine oxidizes Zn, but not Ag and Au, £~ = £
Filuorine oxidizes none of these metals
Fluorne reduces all those metals

& &
.~ E
Fo (F AM4/AL1

= 72,83 -1 68 )V =140 d0]
{

9. In an electrochemical cell the oxidation of oxalic acid (HOOCCOOH) to carbon IR
dioxide and water by permanganate ions, MnO«, 1n acidic solution has an ,< =€ ->> /
equilibrium for which InK = 778, What can be concluded from that fact? b

A)
B)
C)
D)
E)

Almost complete conversion from reactants info products happens ¢ @yv U‘IL

No reaction happens W/ vy @+ g . )

Alinost only reactants can be found in the cell. w/ \"OV‘L/*’J [(’( {7 /)Yo C’écf ¢ 7/4/
Permanganale cannot oxidize oxalic acid. w/ve s

Carbon dioxide and water are reduced to oxalic acid. Loy e »1,7

20. Consider the cefl

PUSICLICIO (ag)fCrO- (ag)iCris).

In acidic medium, how many ¢lectrons are exchanged in this cell ceaction (balanced
with the smallest possible set of integer coefficents)?

O
D)
E)

[ o4 oxtclat o s 'Z(’L——-? {gg’p_;
¢ e +3
s WY AH 0  2een” T emT vEe™ [2

’Y;ffﬂé ‘7’((/&((4{.0;4 5 CTVLO:._ - C’/&J\
+4 _ + o
Cr,0, 2 /YH *(2e7 -3 2Cr+ 2W0

2, * EH 0 Croy HlymT i’
5 Oy IR D Gl e I H 4 o,

20, + Hy 0 ¥ (5O

, + 24, 0

2 C/[ZFOZ:H- 24T D¢,

=) -
2 |22 (“iﬁdp(yu% =) =72

~ a




Answer Key
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