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Cellular phones, unauthorized electronic devices or course notes (unless an open-book exam) are
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a 0 (zero) for the exam.
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complying with the above statement.
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1. ( 4 points) A piece of rhodium metal whose mass is 4.35 g is heated to 100.0 °C and then
dropped into an ice calorimeter. As the Rh metal cools to 0.0 °C, 0.316 g of ice melts (it takes
6.01 kJ of heat to melt exactly 1 mole of ice). What is the molar heat capacity of rhodium? AHsys
(ice) = 6.01 kJ/mol

To work a problem involving heat transfers, it is useful to set up a block diagram illustrating the
process. In this problem, a rhodium block transfers energy to ice:

Rh block m=4.35¢g Rh block m=4.35¢g
T'=100.0°C T=0.0°7C
q
ice water
0.316 g melts
Thus’ qice = _th th = nRhCAT’ and qice = niceAHfus

Substituting gives n AH =—ny CAT
Solve for C, the heat capacity of thodium:

C — _niceAHfus
N, AT
Here are the data needed for the calculation:
4. 31
py =438 0407 mol n == 93198 01771 mol
M 10291 g/mol M 18.01 g/mol

AT =0.0 °C —100.0 °C =-100.0 °C
AH. =6.01 kJ/mol =6.01x10° J/mol

fus

Substitute and evaluate C:

_ _ 3
= A, ~(0.01771 mol)(6.01x10° Jmol) _ oo i o
N, AT (0.04227 mol )(—100.0 °C )




pag. 3

2. (1 point) Phosgene (Cl.C=0) is a highly toxic gas that was used for chemical warfare during
World War |. Use the bond energies below to estimate the energy change that occurs when
carbon monoxide and chlorine combine to make phosgene.

C=0 + CI-Cl — CILC=0

Bond No. Energy (kJ/mol) Bond No. Energy (kJ/mol)
C=0 1 1070 C-Cl 2 330
CI-Cl1 1 240 C=0 1 750

To estimate the energy change in a reaction, determine Lewis structures to obtain types of bonds,
list the number of bonds of each type in reactants and products, and subtract the sum of
average bond energies for products from the sum of average bond energies for reactants,
using values below.

AEreaction = [1 mol(1070 kJ/mol) + 1 mol(240 kJ/mol)] — [2 mol(330 kJ/mol) + 1 mol(750
kJ/mol)] = 1310 kJ — 1410 kJ = —100 kJ

3. (1 point) A flask containing argon gas is connected to an open-ended mercury manometer.
The open end is exposed to the atmosphere, where the prevailing pressure is 720 torr. The
mercury level in the open arm is 50 mm/Hg below that in the arm connected to the flask of
argon. What is the argon pressure, in torr?

Pint = Pext = Patm = Par + PHg

Patm — Pag = Par 720 - 50 = 670 torr

4. (2 points) Aluminum metal shavings (10.0 g) are placed in 100 mL of 6.00 M hydrochloric
acid. What is the maximum volume of hydrogen, measured at STP (273K, 101.325 kPa), which
can be produced?
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2Al(s) + 6HCl(ag) — 2AlICls(aq) + 3Hx(g)
Find the limiting reagent:
Based on Al: 10.0/26.98 x 3/2 = 0.557 moles of H

Based on HCI: 0.1 x 6.00 x 3/6 = 0.3 moles of H»

Maximum moles of H; are 0.3 which at STP converts to 6.81 L

5. (1 point) For the following reaction, K = 0.262 at 1000°C:

C(s) + 2Ha(g) == CHy(g)

At equilibrium, PHa is 1.22 bar. What is the equilibrium partial pressure of CHa(g)?

C(s) + 2Hy(g) — CH.(g)
k=2 — 0262
Pn,

Peu, = K - p&, =(0.262)(1.22)* = 0.38996 bar = 0.390 bar

6. (3 points) Compound A decomposes according to the following equation:
A(g) == 2B(g) + C(g)

A sealed 1.00-L container initially contains 1.75 x 1073 mol of A(g), 1.25 x 10~ mol of B(g), and
6.50 x 104 mol of C(g) at 100°C. At equilibrium, [A] is 2.15 x 103 mol/L. Find [B] and [C].
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Initial concentrations:
[A]=(1.75x107 mol)/(1.00 L) = 1.75x10~ mol/L
[B] =(1.25x10~ mol)/(1.00 L) = 1.25x10™ mol/L
[C]=(6.50x107* mol)/(1.00 L) = 6.50x10™* mol/L

Concentration (mol/L) Ag) = 2B(g) + C(g)
Initial 1.75x10 1.25x107 6.50x107*
Change —X +2x +X
Equilibrium 1.75x107 —x 1.25x10° +2x  6.50x107* +x
[Al,,=2.15x107 = 1.75x10" - x

x =—0.00040
[Bley 5x107 +2x = 4.5x10~* mol/L

1.2
[Cle = 6.50x107* + x = 2.5x10"" mol/L

7. (3 points) In the following pairs, which has the strongest bond according to MO theory?
Use orbital configurations to justify your selections: (a) O, or O,";
(b) COor CO7;and (c) For K.

The stability of a diatomic molecule is determined by the number of bonding and antibonding
electrons. To compare species, determine how many valence electrons each species
possesses, and then place the electrons in the available orbitals, following the Pauli and
aufbau principles. Here are the configurations for the three neutral species:

() O, 12 'S B CO 140 s (Y F, (14 &%)

__%__.._. —_— — e _H__'l__._.
#+ 4 + o+

+ - + + -

(a) To make O,", an antibonding electron is removed from O», so O, has a stronger bond.
(b) An electron added to CO to produce CO™ occupies an antibonding orbital, so CO has a
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stronger bond. (¢) An antibonding electron is removed from F» to produce F>", so F>" has a
stronger bond.

8. (3 points) At least three possible mechanisms exist for the
reaction of hydrogen with halogens, H, + X, —— 2 HX. Deter-

mine the rate law predicted by each of them:

(a) H; + X;—2 HX (bimolecular, direct)
(b) X, —> X+X (slow)
X+H, — HX+H (fast)
H+X — HX (fast)
(c) X, = X+X (fast reversible)
X+H, — HX+H (slow)
H+X — HX (fast)

(a) The rate law is that for an elementary bimolecular reaction: Rate = A[H2][X>].
(b) When a first step is rate-determining, it determines the rate law: Rate = k[ X>].
(c) The rate law is determined by the rate-determining step: Rate = k»[ X][H2].

Set the rates equal for the forward and reverse first step: ki[Xz] = k[ X]?

1/2
Solve this equality for [X]: [X]= (llz—lj [Xz]”z
1

1/2
Substitute into the rate expression: Rate = &, (}f—lj [H,1[X,1"

—

9. (5 points) Acetaldehyde decomposes to methane and carbon monoxide



0)

~
HC

C

N

H

——> CH, + CO

Kinetic data for the decomposition of acetaldehyde follow:

t(10%s)
[CH3;CHO] (mol/L) 0.250 0.118 0.0770 0.0572 0.0455

0

1.000 2.000 3.000 4.000

(a) Determine the rate law for the decomposition of acetaldehyde.
(b) What is the value of the rate constant? (c) How long does it take

for 75% of the acetaldehyde to decompose?

(a) Prepare first-order and second-order plots and look for linear behaviour:

time, (seconds)

The second-order plot is linear, so rate = {{CH3CHO]?

(b) Determine the rate constant from the slope of the second-order plot:

k =slope =

18.0 M —0.00M™ _

4000s-0s

45 x10° M ' ¢!

time, (seconds)

t s 0 1000 2000 3000 4000
c M 0.250 0.118 0.0770 0.0572 0.0455
[[A]oj 0.000 0.751 1.18 1.47 1.70
n _
[A]
1 1 M1 0.00 4.47 8.99 13.5 18.0
[A] [Al],
18
1841 1storder plot e 161 2nd order plot
:
g g
g 081 L g
= 6
044 4
2
00 0 - , :
0 1000 2000 3000 4000 0 1000 2000 3000 4000
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(c) Use Equation 13-5, suitably rearranged:
1 1

TSN

100% —75%

[A], = 0.250 M and [A] = 0.250 M(
100%

J =0.0625 M

_160M™ —4.00M™ _

—————=27x10"s
45 % 10° M's
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Data For Water

Density =1.00 F/mL (at 25°C)
s=2.13Tg" K7 (solid)
s=4.184 T g’ K (liquid)
$s=2.01Jg' K" (gas)

AHCg = 6.02 kJ mol™
AH®,p = 40.7 kJ mol™

Constants and Conversion Factors

I mmHg=1torr 760 mmHg=1 atm 1 atm = 101.325 kPa 1 atm = 1.013125 bar
lem’=1mL 1000mL =1L 1000L=1m’
6.022x10% mol™!

Avogadro’s Number
Boltzmann’s constant
Faraday’s constant
Gas constant

1.30866x102 K™
96,485 C'mol!

8.31451 J K mol!
0.08206 atm'L-K  -mol!
8.31451 m*Pa-K ™ 'mol™
0.0831451 bar LK *mol™
6.62608x10°* Is

2.99792458x10%°  m-s?

Planck’s constant
Speed of Light

I

Qativity

Electrone
P N
=)

FIGURE 8.24
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Gas Laws

PV = nRT

RY _ BV,
L T

PT = P1+P2+P3+

P-MM

d:

lmv2
2

f 3R
ul'mS
MM

Ey

iﬂ

m
V. RT

Rate A _ |MM,

Rate B '\ MM ,

2
(P+I;/—f) (V-nb)=nRT

Equilibrium
Kp = Kc(RT™

Acid/Base
pOH = -log[OH!
pH= -log[H+]

pH +pOH =

14

KaX Kb:Kw

pH =pK.+ log [A)/[HA]
+ pKaZ

pH = pKal

2

Thermochemistry

AU=q+W

Wystem = -PAV =- AnRT

AH = AU +PAV

qer = AU +PAV

q=msAT

AHp® = Y nAH¢(pdts) - > nAH¢(rxts)

The atom
E=hv
c=vVA

E=-B/n’

Kinetics
[Ali=[A],—kt
In[A]; = In[A],—kt

1/[A]:= 1/[A]o + kt
k= AetERD

In(ko/ki) = (-Ea/R)(1/T - 1/Ty)
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