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CHM 1311 B
Midterm #2
Fall 2013

Please keep your work covered at all times and keep your eyes on your own paper!

Cheating or any appearance of cheating will result in an F in the course and possible
expulsion from the university.

There are 9 pages in this test. The last two pages include a periodic table, equations
covered in the course, and data that may be useful for some questions. You may rip
these pages off of the exam and use them to cover your work during the test.

You must show all work to receive partial credit.
Marks may be deducted if an unreasonable number of sig figs are shown in your

final answer.

You have 75 minutes to complete this test.
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#1. (12 points) Short Answer Questions (2 marks each)

a) Write the balanced chemical equation corresponding to the AH’ of NaH,POj, (s). Be sure to
include the phases.

Na(s) +Ha(g) +P(s)+20:(g) — NaH2POy4 (s)

b) What would be the value of K at 25°C for the reaction 4 A +2 B S 2 C, given the data below at
25°C:

2A+ BS X K=100
2C852X K=10
K= 1000

¢) The reaction 2A + B -> C has a rate constant that is equal to 45 s A plot of In[A] versus time is
linear. What is the rate law for this reaction?

rate =k x [A] =0.45 s'x [A]

d) Suppose 1 mol of NH3, HCIO4, Nal, or HF is added to 1 L of water.

i.  Which solution will have the lowest pH?
NH;

ii.  Which solution will have the highest pH?
HC104

e¢) What is the [OH'] concentration of a pH = 6.0 solution?

pH + pOH = pKw
pOH =pKw-pH=14.0-6.0=8.0
[OH-]=10P°" =10 M

f) Which gas would you expect to have the greater heat of reaction per mole of combustion;
methane (CHy) or ethane (C;Hs)? Explain your answer in ~one sentence.

C,H¢ has more C-H bonds per mole than CHy, therefore it will have a greater heat of reaction. A
relatively small amount of energy is required to break a C-H bond, while a relatively large amount of
energy is gained by the formation of C=0 bonds, as shown by the corresponding BE values (423 kJ
mol™ for C-H, 745 kJ mol™' for C=0). Therefore the compound with the larger number of C-H bonds
per mole will yield the greater heat of reaction per mole of combustion.
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#2. At 25°C HI breaks down according to: rate =k [HI]2 with a rate constant of 2.4 x10' L mol™ s™".
If 2.55 mol of HI is placed in a 10.0 L container, how many years will it take for 5.0% to react? (5
marks)

According to the rate equation given, this is a second order reaction, with the corresponding

1 1
integrated rate law: ———r——=kt

A 1A],
We have been given k, and have the information we need to calculate the initial concentration of
reactant HI: [HI] AT 0.255 mol L

To calculate the time it takes for 5% to react, we recognize that the concentration of HI at this time
is 99% of the initial concentration; 0.95[HIJo. This can be substituted into the rate equation:

S B
0.95[H1]0 [HI]
z=l[ ! _ 1! ]:8.60x1o”’s
k 0.95(0.255) 0.255

Convert into years: (8.60x 10" s) I min 1 hou.r I day Lyear |_5 410" years
60 s /{60 min )\ 24 hours /| 365 days

Answer: 2.7x10" years

#3. 2.55 g of a hydrocarbon was placed in the bomb of a calorimeter. The bomb was immersed in
5.220 L of water and the sample was burned. The water temperature rose from 25.2 °C to 26.6 °C.
If the calorimeter (excluding the water) had a heat capacity of 1065 J/K, what was the heat released
per gram of hydrocarbon? (5 marks)

qHC =~ (qcalorimeter + qHZO)

qHC =~ (cCalorimeter X ATCalorimeter + mHZO X CHZO X A]71-120)

+d. V. xc OxATHO)

== (cCalorimeter X A71Calorimeter H,0" H,0 H

= -(1065 J/K x(26.6-25.2)K +(1.00 g/rnL)(103 mL/L)(s.zzo L)x(4.184 J/g/K)x(26.6—25.2)K)
=-32.1kJ

This is the total energy produced in the combustion reaction. To find the heat released per gram of
hydrocarbon, we just divide this heat by the mass of hydrocarbon burned.
Qe _ —32.07K]

=-12.6 kl/g
g 255¢g

Answer: 12.6 kJ per eram of hydrocarbon of heat is produced
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#4. The following reaction was started by the addition of a catalyst to a 1.000 L flask containing
0.7000 bar of nitric oxide gas at 298 K, where K = 4.35 x 10™" at this temperature:
N2 (g) + 02 (g) S 2NO (g)
a) What is the partial pressure of N, at equilibrium? (5 marks)

N, (0)) 2NO
Initial 0 0 0.700 bar
Change X X -2x
Equilibrium x X 0.700 — 2x
2 0.700-2x)’
K = Prxo  _ ( ) - 2x)
Py, Po, X
Jx (0.700 - 2x)
B X
X= 0.700 =0.350=p,
2+vK :
Answer: 0.350 bar

b) What is Kc for this reaction? (1 mark)
An(gas)
K=K (RT)
Since the number of moles of gas in the reactants is the same as the number of moles of gas in the

products, K = Kc.

¢) Given that A¢H’ for NO is 91.3 kJ/mol, at what temperature should the reaction be run to
increase the equilibrium constant by a factor of 1000 (i.e. increase the equilibrium constant

1000-fold)? (3 marks)
i_i)__M(L_L)

___ 8314)K/mol (100K,
2(91.3 kJ/mol)(lo3 J/kJ) K

s _0.003041 K"
o) 298K
T,=329K
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#5. For the oxidation of nitric oxide into nitrogen dioxide, the following mechanism has been

roposed:
prop K,

2NO (g) _>E N,0, (g) Rapid equilibrium

k-1
N2O; (g) + 01 (g) ﬁ> 2NO; (g)

With the following values for the rate constants: k; =4.8 x 10°, k; =3.6 x 10’ and k, = 1.3 x 10,

a) What is the molecularity of the slowest step in this mechanism? (1 mark)
The second step has the smallest rate constant — its molecularity is 2.

b) Derive the rate law for the overall reaction in terms of the concentration of reactants. (4
marks)
rate =k, [Nzoz][Oz]
Since the first step is in rapid equilibrium, rate of the forward reaction = rate of reverse
2
k[NOJ =k [N,0,]
reaction: k

Substitute this into first rate equation:

we- 55 o[ o, (1'”(130.62))((146?)* ) ol fo,]-0o17Nol o]

Rate Law: Rate = 0.017[NOJ*[0?%]

¢) Draw the reaction energy profile for this reaction (A H’ is 51.8 kJ/mol for the overall
reaction). Be sure to label your axes, and indicate where in the graph each species in the
reaction occurs. Also label the graph with A.H® and E,. (5 marks)

Energy

Reaction progress



CHM1311B Midterm #2 2013 Page 7 of 9

#6. a) Some species of ant will spray concentrated solutions of formic acid (HCOOH) from the
abdomen as a defense mechanism. What is the pH of a 17.8 mol/L solution of formic acid? Ka =
1.70 x 10™. (5 marks)

HCOOH (aq) + H,0 = HCOO- (aq) + H;0" (aq)

HCOOH HCOO- H30"
Initial 17.8 M 0 107=0
Change -X X X
Equilibrium 17.8 -x X X

[HCOO-HO']

X

[HCOOH] T 178-x

Ka =

[HCOOH| 173

Since = >400 17.8—x=174
Ka 1.7x10™
xZ
Ka= x=/17.8Ka =0.0550 M= [H,0"]
17.8

pH = -log[H30+] = 1.26
pH= 1.26

b) Write the net balanced chemical reaction that would be expected if NaCN is added to a solution
of formic acid. (2 marks)

CN- (aq) + HCOOH (aq) = HCN (aq) + HCOO- (aq)

¢) Given that the pKa of the conjugate acid of NaCN is 9.2, what will be the preferred direction for
the reaction in b)? Provide a brief explanation justifying your answer. (2 marks)

Ka (HCOOH)=1.7x 10" Ka (HCN)=10"%*=6.3x10"
Since HCOOH is the stronger acid the preferred direction will be forward.
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Constants and Conversion Factors

I mmHg =1 torr 760 mmHg =1 atm 1 atm = 101.325 kPa 1 atm = 1.013125 bar
lcm’=1mL 1dm’= 1000mL=1L 1 m’=1000L
lcal=4.1841]
Avogadro’s Number N 6.022x10% mol™
Atomic mass unit u 1.66054x107%" kg
Gas constant R 8.31451 J-K " mol
R 0.08206 atm-L-K™'-mol’’
R 8.31451 m’ Pa-K™"-mol!
R 0.0831451 bar L-K™'-mol™
Data For Water
Density = 1.00 g/mL (at 25°C) AH®,q, =40.7 kJ mol!
c=4.184T g' K (liquid) AHC; = 6.02 kJ mol™
Average Bond Energies
O—H 467 kJ mol’ C—H 413 kJ mol” C—-C 347kJ mol’
C—-0 358 kJmol” C=0 745kJImol’ 0 =0 498 kJ mol
MAIN-GROUP g s MAIN-GROUP
ELEMENTS The Modern Periodic Table ELEMENTS
r ‘ { o '
1 18
1 aumb I Metals (main-group) 2
1o - ' [ Metals (transition) 14 | 15 | 16 | 17 4%39
Atomic symbol [ Metals (inner transition) :
Atomic mass (u) E Mmmnmlb:‘; f: ; ; : :‘:
D81 | 12.01 | 1401 | 16.00 | 19,00 | 20.18

TRANSITION ELEMENTS

(210) | (222)
17 | 118

Uus | Uuo
(294)

’ INNER TRANSITION ELEMENTS " "= ==o__ pending verfication by IUPAC.
57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 [ 66 | 67 | 68 ( 69 | 7O | T
6| Lanthanides | La | Ce | Pr | Nd [ Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
1389 | 140.1 | 140.9 | 144.2 | (145) | 150.4 | 152.0 | 157.3 | 1589 | 162.5 | 164.9 | 1673 | 168.9 | 173.0 | 175.0
89 90 | 9N 92 93 | 94 | 95 9% | 97 98 99 | 100 | 101 | 102 | 103
7| Actinides Ac | Th | Pa | U | Np| Pu |Am |Cm | Bk | Cf | Es | Fm [ Md | No | Lr
(227) | 232.0 | (231) | 238.0 | (237) | (242) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260)

2, eloments 114 and
oMclally recognized.
Elements 113, 115, 117, and 118 are
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Equations Covered Since Midterm 1

A H’ = E mA H* (products) - E nA H* (reactants)

g=cxmxAT Rate=i%)f] Rate=k[A]m [B]n...
[A] 1
Al -[A] ==kt Int—2 =kt =k
[A]-[A], [A] [A] [A]
K=KC(RT)M(gaS) In £)=—A’—H i—l) ax> +bx+c=0
K, RAT, T,
pH = —1og[H30*] pOH = —log[OH'] pH + pOH = 14
pK, =-logkK, pK, =-logKk,
Midterm 1 Equations
T(inK)= T(in °C)+273.15 K n=2" % Yield =
M
c(mol/L)=§ m(mol/kg)=M oV, =cV,
solvent
p}jﬁ:p]{/z pr = pitp2tpst+...
d=ﬂ=p'MM E =lmv2
V. RT K
Rate A M n‘a
RateB= Mj p+7 (V—nb)=nRT
AU=U, ~U, . =q+w AH = AU + pAV

Page 9 of 9

A H = EmBE(reactants) - EnBE(products)

E

a

k=Ae R

‘o —b+~\b* -4ac
2a

K xK, =K,

actual yield

theoretical yield

pV =nRT

P, =XAxpT

f3RT
u =,/—
rms M

w=-pAV



