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1. [ 1 point each ]

For each question, circle the letter of the one correct answer and enter the answer on the TEST
SCORING SHEET in pencil. The TEST SCORING SHEET will be considered final no matter
what you marked on the examination paper.

1. Given Zn(OH) 4 " (aq) - Zn(s) in basic solution.
The number of electrons in the balanced half-reaction is:

Ay 2 B) 6 c) 4 D) lygr E) 0
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- @ ; Y de”

MnO4 “(aq) BI (aq) + H20 O MnOz(s) + 12 (s) + OH (aq)
If the coefficient of MnOy4 in the balanced equation is 2, what are the coefficients of I
and OH respectively ?

A) 6and8 B) 3 and 12 C) 6 and 6 @6and 12
E) 3and4 )
3. For the cell diagram: Pt| Br (aq) | Bry (1)|| Cl, (), Cl “(aq) | Pt
The reaction which occurs at the cathode is
Ay By +2e—— = -
Cly(g) +2e e 2C1 (aq)
C) 2C1 (aq) =* Cly(g) +2¢
By ————2Br—fag) B} _+ 2¢
E) TTUClg) ¥ 2Br (ag) B+ 2Cl-(aq)
4. When the AgBr(s)| Ag(s) |Br (aq) electrode is the cathode, the half reaction is
A) AT fqte T Ag()
@ AgBr(s)+e . Ag(s) + Br (aq)
C) 2AgBr(s)+2¢” T 2Ag (ag)+Bry ()

\D)—Agfs)+Bray———  AgBr(®)Fe —

+ &
E) __ Ag(s) —  Ag (ag)te

3. Which species will reduce Ag+ (aq) but not Fe** (aq) ?

A Au(s) B)  Hjy(g) €) —Cx(s)
D) V(s E)  Pt(s)
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6. The standard potential of the cell - ot
Zn(s)|Zn~ (aq) [| Cu™ (ag) | Cu(s)

is +1.10 Vat 25 C. _
The value of the equilibrium constant K at 25 C for the cell reaction is:

A) 3.9x10;2 B) 67x10°°° © 15x10 D) 25x107 "
E) 1.6x 10
7. Consider the following cell: N ' N
Ag(s) | Ag (ag, 1.000 x10 " 'M) || Ag" (aq, 1.000 M) | Ag(s)
The voltage of this cell is .
A)+ 029V B) + 0.0118 V C) + 0.0592V @ -0.0592 Vv
E) - 0296V AN A N Lo
) /’\ f"‘ 1 S ) —— li \v,l ’ \
/‘*(;:.3‘“" + e ~— > Aqgl:
8. One cell diagram for a nickel-cadmium or nicad battery is written as:
Cd(s)|Cd (OH),(s)| KOH( aq)|Ni(OH)5(s) |Ni(OH),(s)|Ni(s)
When this nicad battery is recharged:
A)  Cd(s)is used up. B) K (aq)is consumed.
©) Ni(OH); (s) is produced. D)  Ni(OH);(s) is used up.
E) Cd(OH);, (s) is used up.
0. The products of the electrolysis of y,f (aq) with inert electrodes are
A) Hp(g)andF,(g) B) H; (g) and O,(g)
C) Fy(e).H,(g) and OH (aq) D) Na(s) and F, (g) E) Nas) and O, (g)
10. Molten magnesium chloride is electrolyzed using inert electrodes. The reactions involved are:
201 = Clg+ 2¢

Mg2+ +2e T Mg
Which of the following statements is true ?

A) Oxidation occurs-at the cathode.

B) Mg~ ions are reduced at the anode. )

C) Electrons pass through the circuit from Mg2+ ions to Cl ions.
@ CI 1ions are reducing agents.

E) The anions in the electrolyte undergo reduction.
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Consider the reaction

~==

20 (aq) + 310, (aq)+ 10 OH g 2 Cro42‘(aq) +3 105 (aq) +35 H,yO()

For a given set of conditions the rate of appearance of 103_ (aq)is 3.17x 10~ * molL's™.

The rate of disappearance of OH ~ (aq) is:

A 317 x10 4 moll's!  B) 317 x107> molLs?

<Y 1.06 x10'3molL‘1s" D) 1.06 x10 " molL's"
E) 951 x10 ° molL's’!

The rate of a reaction increases by a factor of approximately 1.75 when the concentration of a
reactant is tripled. The order of the reaction with respect to this reactant is approximately:

A) 1.5 B) 1.0 @ 0.5 D) 20 E) 3.0

Consider the reaction: 2A + B 7 products A

The following initial rate data were measured:

[A], mol L-1 [B], mol L—1 Initial Rate , mol L-1 s_1

0.102 55 0.101 0.020 y o Y= 40
0.203 0.101 0.080

0.305 0.101 /§ ) 0.18

0.203 0203 /. 0.080

The overall order for this reaction is

A) 1 2 C) 3

D) 15 ) 05

A reaction that has a very low activation energy:

A) must be first-order. B) must be second order.
O) has a rate that changes greatly with temperature.
has a rate that is not very sensitive to temperature.. i
E) must be zeroth order. ! L) A / \\
; : . 2 ) r'NO
Consider the reaction: 2A T A, with: rate = k[A] A g

When the initial concentration of A is 2.0 M, it requires 1.0 hours for 60 % of A to react.
The rate constant is:

1 1 1

A)1.6 x 10 M- B)56x 10 M ¢ C)93x10° M -¢

1 1

21x10°M s E)25 x10° M -5
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The rate of decay of a sample containing I-131 1s 2.15 x 10 disintegrations per minute initially
and 6.43 x 10" disintegrations per minute after 2 weeks. The half life of I-131 i1s:

@ 8.04 days B)9.70 days C) 18.5 days D) 14.0 days E) 4.02 days

10\ 6

A reaction has a rate constant k =2.80 L mol™ s™' . The initial reactant concentration is 1.00
mol L ".The time required for 90 % reaction is:

A)0.036s B)0.040s C)3.6s D)040s  (E)32s

The activation energy of a reaction is given by: ’ \ <

A) - R =+ ('slope of a plot of In k vs. 1/T)

B) + (slope of a plot of In k vs. 1/T) + R 0
€C) - (slopeofaplotofinkvs. I/T)xR
D) - (slope ofaplotoflnkvs. 1/T) +R

E) + ('slope of a plot of Ink vs. 1/T) x R

An elementary process has an activation energy of 32 kJ/mol. The activation energy of the reverse
process is 38 kJ/mol. The enthalpy change for the reverse reaction is:

A) - 6kJ/mol B) 32 kJ/mol C) -32kJ/mol D) - 38 kJ/mol

(9) 6 kJ/mol 7N

Consider the reaction: ~7 Vv |

\ N A

l'; :
2NO,(g)+Fy(g) 2 NO,F(g) rate = k [NO,][F,] WV N
Which of the following must be true ?:
A)——_The overall order of the reaction is 1.
B) The reaction occurs in one step as indicated by the equation.

©)———TFhe-orderof the-reaction-with-respect. to NO, is 2.
M@GV@H&H order-of the reastion-is-3-
) The reaction occurs in more than one elementary step.
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The standard molar enthalpies of formation of C( s, diamond) and CO, (g) are +1.895 and
- 393.51 kJ./mol respectively. Calculate the standard molar enthalpy of combustion of diamond.

A) -393.51 kI/mol B) - 395.41 kJ/mol C) - 391.61 kJ/mol D) -397.1 kJ/mol

E) -1.895 kJ/mol

The enthalpy of fusion of water at its normal melting point is 6.00 kJ/mol.

AS’ for melting 1 mole of water at this temperature is:

A) - 220 JK! } 56\ —7 1ot

B) + 6.00x 107, JeK

€  +220 1K} 1

D)  -600x10° JK

E) +23.0 JeK

For the exothermic reaction 2 CuO (s) + C(s) — 2 Cu(s) + CO, (g) A°

Under standard conditions, this reaction is: ,,X) |
spontaneous at all temperatures.

B) spontaneous only at high temperatures.

©) not spontaneous at high temperature.

D) disfavored by the enthalpy change..

E) not spontaneous at low temperature.

Consider the equilibrium: NHj(aq) + HyO() T NH4 (aq) + OH (aq)

K is 1.75x 10™ at 25 C.
oG for this reaction at 25 C is:
A)-27.1 k] B) -227 K] O) 227 kI D) 647 kI @ 27.1kJ

Which of the following statements regarding free energy is true ?

A) 2G 1s never equal to aG°.

B) 2G always equals aG° at equilibrium.

C) 2G does not depend on the temperature.

D) aG changes as a reaction proceeds.

E) 2@ 1s always greater than zero if the equilibrium constant K 1s less than one.
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2. [7 points]

(a)A 1 M CuSO , (aq) neutral solution was electrolyzed using inert electrodes.
Write the anode reaction. Write the cathode reaction.

2 ¥ N
4330 ﬁ\EOw)“’SO%pﬂﬂ””mew Culeg) Ve fN77Cu(9
+ 2e

Assuming no overpotential effects, what is the minimum potential that must be supplied to the
cell for the onset of electrolysis ?

w= nFE [

(b) 15.0 milligrams of titanium was deposited when a titanium chloride solution was electrolyzed
for 500.0 seconds with a 120.0 milliAmp current. What is the oxidation number of titanium in

the titanium chloride compound ? s \ C ,\o«c)e = Culievy Y x4 {m€
iy \ / - -
o [ \S.01000 \ = o= K“J (S {_)Q) elme)F = T x4
.“ / 6‘6 / \OOO / | ¥

J.e = d
=7 +ha oxfokad‘m; Num Rovr gF ditanium
‘V\ +|/\\L C Oy \)C\/,y‘h(\] ( (,: . (

3. [6 points]
(a) Determine the value of the equilibrium constant at 298 K and standard conditions for the

reaction: 2 Hg2+(aq) +Hy(g) — Hg22+(aq) +2H' (aq)
ci 3D L “ o |
Ho (ag) + d Oy 2, 13 == 0.92V
Y B N z S 0 _ 7\
\/\‘) L& — - [ Y+ A€ e — )

>
D
o
("
|
J
ﬂ"\
.(.7
lv]
"

- 1
X

TonK
E

}‘r\

-|\\< -
k= F!37 X!Og\

(b) What is the value of the potential E for the above reaction at 298 K if the pH = 6.00 and
all other species are present at standard concentrations or pressures ?

7\')
R

—

9

O

)
N’

- 4
E~ﬂ_ e » \L\ - \OS \L\—\ B
- ~ F SRR “-,\j;y}\_ p - —
097 - REABK) » (\x16®)) 2T
1 PR = Kl SRR - \.\4\06

|, A7\ 3
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4. [5 points] A proposed mechanism for a reaction is:

Kk,
Br,(g) =  2Bi(g) K  Fast
k . equilibrium

Br(g) + CHBr,(g) - -€Brj(g) + HBr(g) k, Slow
CBrg) +Brig —  CBr() ky  Fast

Write the chemical equation for the overall reaction.

' . 2 2 e
(,r(g(cﬁ) . i (\’\P}(S(g> — 7 C qu ( c§> \ \/( \%( (S)
Derive an expression for the rate law for the proposed mechanism. '

cate= K [Brgl[cWBrs |/ bud Brlg) ©
K: EG((C))]Q an wWwWeomed i

| E% > (9 p’\ / S

L8rig)] - \fETEEéf?* - K" [Bo g\ A
- rate = Kk, [, t,sﬂ\/pz = e

5. [7 points]
(a) Circle the correct response in the following statements.

(i) The rate of all chemical reactions change with time. Circle r false \A

(11.)A catalyst decreases the rate of the reverse reaction. Circle true o \/ /9\

(i11)A catalyst changes the reaction path followed. Circle @or false. \/

(b) The rate constant of a reaction increases by a factor of 2.50 when the temperature is
increased from 35 °C to 55 °C. What is the activation energy in kJ mol =~ for this reaction ?
\

in(2.50)= (B )7

= .
- (a2 )(233K-200k X A
& J\T %k .-z08¢ )

Ea = /2n(3.50)(1010 24U i) o
= 245 KT/me| 72
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