
Exam 4A
C h e m 11 4 2
Spring 2017
N a m e :

MULTIPLE Choice. [3 pes ca.] Record the best response on the scancron sheet. [45 pts total.]

Assume all solutions are aqueous and at a temperature of25 "C, unless stated otherwise.

Ql. Which version of the exam do you have?
(3)4A
b) 4B

Q2. Which law of thermodynamics states that the entropy of the universe keeps increasing?
zi First law

(^Second law
c) Third law
d) Fourth law

Q3. Which of the following substances would be expected to have the highest entropy at a given temperature?
a) H20(s)
b) Au(s)
c) Hg(I)

@HcCg)
Q4. Which of the following chemical reactions would likely have a AS° ~ 0?

a)2Hz(g) + 0z(g)^2H20(l)
(b?CH4(g) + 202(g) ̂  C02(g) + 2H20(g)
c)C0(g} + H2(g)^CH20(g)
d) H20(g} H20(1)

Q5. A chemical reaction loses 25 kj of heat to its surroundings at a temperature of 25 °C. What \viil the entropy
c h a n g e o f t h e s u r r o u n d i n g b e ? +
a) -1 k]/°C
b ) + 1 0 0 0 J / = C ^
+̂8/j/K

Q6. An endothermic chemical reaction has A5'*'ra, < 0. What can you say about the spontaneity of this reaction?
a) The reaction is always spontaneous

b̂ĵ ê reaction is always non-spontaneousc) The reaction is spontaneous at low temperatures, but non-spontaneous at high temperatures
d) The reaction is non-spontaneous at low temperatures, but spontaneous at high temperatures
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Q7. Which of the following substances will have a Gibbs free energy of formation of zero?
a) Hz(l)
b) CH4(g)

0C(s. graphite)
d) COzCs)

Q8. A reaction with a large and negative value of AG° wll have an equilibrium constant, K, whereby which
statement best applies:

Q)K> 1
b)A:« 1
c)K= 1
d)K=^0

Q9. At equilibrium, what can you say about the value of AG?
a) AG = 1
b ) A G > 0

0AG=O
d) AG » 1

Q10. The oxidation number of chromium in CriO? "̂ is:
a)+8
b) +7

(2)+6
d)+5

Q11. Which of the following is not a redox reaction ?
a) 2H,(g) +02(g)->2HzO(I)
b) Zn(s) + 2HCl(aq) —> ZnCl2(aq) + H2(g)
C) PCi3(l) + Cl2(g)-^PCl5(l)
(g)KCl(aq) + AgN03(aq) AgCl(s) + KNOjCaq)

Q12. Oxidation takes place at which part of a galvanic cell?
a) Salt bridge
b) Voltmeter

A n o d ed ) C a t h o d e ^
QI3. Given the following two standard electrode potentials:

A g ^ ( a q ) + e " ^ A g ( s ) £ " = + 0 . 8 0 V - L
Mg^*{aq) + 2c-^ Mg(s) £-=-2.37 V

Which of the following species would be the best oxidizing agent ?

Q)Aĝ (aq)
b) Ag(s)
c) Mĝ (̂aq)
d) Mg(s)
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Ql4. A spontaneous redox reaction would best be described as having:
a) > 0, AG° > 0

(̂A'°„[i > 0. AC?'' < 0
c) E°„i] < 0, AC?° > 0
d) £°ccii < 0, A(?° < 0

Q15. The charge on 2 moles of electrons is equal to:
(̂193.000 CV)-2x6.022x 10"
c) 96.500 C
d ) 2 -

Short Response.
S h o w A L L w o r k t o r e c e i v e c r e d i t . '

(̂ 16. [ 10 pes.] Given the following chemical equations:

0 C(s, graphite) + Vz 02(g) -> CO(g)
co(g) + '/= 02(g) ^co2(g)

i)^2>

AC?° — - 137.3 kj/mol
AC?°=-257.1 kj/mol

Calculate the value of the equilibrium constant, K, at 25 for the reaction:

C(s. graphite) + OiCg) ^ C02(g)

Be sure to show all work and explain clearly your solution.

_ A ^

(

(

\ r e

i S l - I S -

0
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Q17. [15 pts.] (a) Show how CO, then calculate, A(j° at 45 ®C for the chemical reaction:

ICOzCg) + 3HzCg) ̂  C2H6(g) + 20z(g)

S u b s t a n c e COz(g) Hz{g) C2H.(g) 02(g)

A//i^(kJ/mol) - 3 9 3 . 5 0 - 8 4 . 7 0

.S" (J/mol-K) 213.6 1 3 1 . 0 2 2 9 . 5 2 0 5 . 0 3

A6.°--AK°-TAS 4 702-5

_3

/ \ . » _ J , 7 0 i - 5 1 S I - • < — f A A L = - 4 3
f - A O » t t o o 3 —

--751-1̂  *-3^ / ' i '-— (h) Cftrnmr-nr np rjhc value you ômoed from part (a), and its meaning.. ̂  ̂  ̂
IWJOIM NgV\ - S ̂CV̂  ŜMjggV/vO

U)eKJ'<5 K> pvbv>\t(i) 7to|c3 6-- €Maĵ  h, otca In )

(c) Explain what will happen to the reaction as the temperature is increased.

■A.H om^ A^S
Vi -v/<

Uxv/̂  •fxt-AOa'

^ u)t(l oLaIĉ p
cJijJ l^)Uc2 - "P i\ ^ 3
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Q18. [15 pts.] Balance the following two redox equations using the half-reaction method. Be sure to clearly
ident i fy al l oxidat ion numbers in the or iginal skeleton equation. -v

( o ) - < - 2 _ ( - o - S f z - w i )
a) SiOs^" + I2 ^ I" + S406^" (acidic solution)

nA'-

o n

I 2 .
1 - -> S^0^ '̂+ 2.̂

A t -

- - k t _ 0 . S « / r o O

l i ' 2.1"-^ s.,q 2 . -

• b

o > :

b)CO + I2O5 —> CO2 + I2 (basic solution)

KiO^CO —^Co^-klH
l o t ' t - l o K ^ - + S H j . O + i ,

SCO ^ |oX<lQa<<v
/

-V X->

^ r o A r ^ o B c o ^ 4 - 1 -2_ /
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Q19. [15 pts.] Calculate £ccii for the following cell diagram:

Mg(s) |Mĝ '̂ (aq, 0.050M) 11 Ag"̂ (aq, 1.5 M) | Ag(s)

As part of your answer you should calculate and also write the overall balanced chemical
equation. Assume the cell temperature is 25 °C.

- -vO-Sov/CS^-Z-W

J Z A * L

e^-\ _> V 2-

Z<i

'

■ f - 2 ^

Vje/v\ŝ :

r̂j?QA '
-v3

q .06O
f-6^

i^F

- J e

r : .̂\7V/ - -0 .OM-e°̂ yc-

-^- 2_

0-Ot i I

(IV̂  1-̂ /ĉ
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V . Info rma t i on

Per iod ic Tab le o f the E lements

1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5

K C a S c T i V O r M n F e C o N i C u Z n G a G e A s S e B r
3 9 . 1 0 4 0 . 0 8 4 4 . 9 6 4 7 6 7 5 0 . 9 4 5 2 . 0 0 5 4 . 9 4 5 5 6 5 5 6 6 3 5 6 . 6 9 6 3 . 5 5 6 5 6 9 6 9 . 7 2 7 2 . 6 1 7 4 . 9 2 1 6 0 7 8 . 9 6 7 9 . 9 0

3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 SO 5 1 5 2 5 3

R b S r Y Z r N b M o T c R u R h P d A g C d I n S n S b T e 1
8 5 4 7 8 7 . 8 2 6 8 9 1 9 1 2 2 9 2 6 1 9 5 . 9 4 198] 1 0 1 . 1 1 0 2 . 9 1 0 6 4 1 0 7 6 1 1 2 4 1 1 4 6 1 1 8 . 7 1 2 1 6 1 2 7 . 6 0 1 2 6 . 9

5 5 5 6 7 1 7 2 7 3 7 4 7 5 7 6 7 7 7 8 7 9 8 0 8 1 8 2 8 3 8 4 6 5

C s B a * L u H f T a w R e O s l r F t A u Hg T I P b B i P o A t
1 3 2 . 9 1 3 7 . 3 1 7 5 . 0 1 7 8 . 5 1 8 0 . 9 1 8 3 . 6 1 8 6 . 2 1 0 0 . 2 1 9 2 . 2 1 9 5 . 1 1 9 7 . 0 2 0 0 . 6 2 0 4 4 2 0 7 . 2 2 0 9 . 0 1210) 12101

8 7 8 8 1 0 3 1 0 4 1 0 5 1 0 6 1 0 7 1 0 8 1 0 9 1 1 0 1 1 1 1 1 2 11 3 11 4 1 1 5 1 1 6 11 7

F r R a " L r R f D b s g B h H s M t
t2231 (225) I282I 12811 1262) I2B61 12641 12651 12681 12691 12721 12771 12651 12891

iVA = 6.022x10" moH

AG = -nFEccw

R T

A ŝurr ~ RsatJT

R = 8.3145 J/mol-K = 0.08206 L-atm/moi-K

A G ^ = - n F E ^ ^ M A G = A H - T A S

£®ccU - ^''cathoclc - ^'"anode F = 96,500 C/mol C'

AG = ACj" + i?71n^ ACT" = —RT\nIC

Partial list of standard electrode potentials:
Au^"^ + 3e" -» Au

Ag^ + c- ^ Ag
+ 2c~ —> Cu

P b " + 2 c - - > P b

Mĝ "̂  + 2e" —> Mg
Li"^ + e~ ^ Li

£'«' = +1.50V
^ < ' = + 0 . 8 0 V

£'° = +0.34V
£« =-0.13 V
£« =-2 .37 V

= - 3 . 0 5 V

1 V = 1 J / C
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