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LAST NAME: __________________________________________________________ 
 
FIRST NAME:  _________________________________________________________ 
 
Student Number: ______________________________________________________ 
 
 
 
 

CHM 1311 A 
Midterm #2 A 

Fall 2014 
 
 

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 10 pages in this test.  A periodic table, data tables, and a formula 
sheet are provided at the end.  You may gently remove these pages off and 
use them to cover your work.  Any scratch work should be done on the back 
of these pages. 

 
Please show all work to receive partial credit. 

 
 

You have 80 minutes to complete the test. 
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Question Points Possible Points Earned TA Initial 

1 20   

2 10   

3 10   

4 10   

5 10   

TOTAL 50   
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1. (10 pts) Short Answer Questions 

a. For the majority of reactions, reaction rate is fastest when:      Using k = Ae–Ea/RT 

Ea high, T low           Ea high, T high           Ea low, T low             Ea low, T high 

b. Benzoic acid is titrated with sodium hydroxide. At the equivalence point, the pH will be:  

ACIDIC                   NEUTRAL                       BASIC                      IMPOSSIBLE TO PREDICT 

c. The steady-state assumption states that intermediates are consumed at a constant rate. 

TRUE  FALSE 

d. For the reaction     2 A   B + 3 C     the value of K is 44.5 at 25ºC.  The value of K for the 

reaction     2 B + 6 C   4 A     would be   ____K’ = 1/K2 = 5.05x10–4_________________. 

 
e. Predict the products of the following acid-base reaction. Is K > or < 1?                                 

N3–  +  HF   __HN3     +      F–______________               K > 1       K < 1 

 
f. For a second order reaction, the plot of _____1/concentration___________ versus time will 

yield a straight line, with a slope equal to ____k______; its unit is  ____M–1s–1_______. 

 
g. A chemical equilibrium can be considered to be “going to completion” when the value of 

K is at least 10–10  10–5  10  105   or greater. 

 
h. The conjugate acid and conjugate base of HPO42– are ______ H2PO4– ___________  and 

_______ PO43– ________  respectively. 

 

 

BONUS: 

Draw representative concentration lines/curves 
for both A and B as a function of time in the 
following first-order decomposition: 
 

A →  2 B 
 

Don’t forget to label your lines/curves! 
  

At the EQ PT: benzoate ion hydrolyzes:   C6H5COO–  + H2O    C6H5COOH  +  OH– 

It states that intermediates are PRODUCED and CONSUMED at EQUAL RATES. 

Ka = 6.6 x 10–4      Ka = 1.9 x 10–5 

C
on
ce
nt
ra
tio
n

Time

[A]

[B]

Note: 2 moles of B formed for 
every mol of A consumed!
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2. Peroxyacetyl nitrate (PAN) is an air pollutant produced during photochemical smog events. 
PAN is unstable and dissociates into peroxyacetyl radicals and nitrogen dioxide. 

 
 
 

NOTE: THIS IS TAKEN FROM MIDTERM 2 2012 
a) (3 pts) Using the data in the table below, derive a rate law for the decomposition of PAN at 

25.0ºC, as well as the value of the rate constant (with appropriate units). 
 

Trial 
Initial [PAN] 

(M) 
Initial Rate 
(M/min) 

1 8.30x10–10 1.92x10–11 

2 1.66x10–9 3.84x10–11 

3 2.49x10–9 5.78x10–11 

 
 

k = rate
[PAN]

=
1.92!10–11M "min–1

8.30!10–10M
= 2.31!10–2 min–1  

 
Rate law is:   ___rate = k[PAN]___________        

Rate constant is: ___k = 0.0231 min–1_________ 
 
b) (2 pts) The decomposition of PAN has a half-life of 35.0 hr at 0.00ºC. What is the rate 

constant for this reaction at this temperature? Use the same units as part (a). 
 

It’s first order, so:   t12 =
ln2
k

!k =
ln2
t12

=
ln2

35.0 hr
•
1hr
60min

= 3.30"10–4 min–1  

 
c) (3 pts) What is the activation energy, in kJ/mol, for this reaction? 
 
k1 = 2.31x10–2 min–1 @ T1 = 298 K 
k2 = 3.30x10–4 min–1 @ T2 = 273 K 
 

ln k2
k1

!

"
#

$

%
&= '

Ea
R

1
T2
'
1
T1

!

"
#

$

%
& ( ln 3.30)10–4min–1

2.31)10–2min–1
!

"
#

$

%
&= '

Ea
8.3145J *mol–1K–1

1
273K

'
1

298K
!

"
#

$

%
&

 
 
Solve for Ea: 
Ea = 1.15x105 J/mol = 115 kJ/mol 
 
d) (2 pts) The enthalpy for the decomposition 

of PAN is about 88 kJ/mol. On the axes 
provided, draw a representative reaction 
profile for this reaction, with labels.  

CH3COONO2 CH3COO +       NO2

O O

PAN

             Trials 1 & 2:     [PAN] x 2      rate x 2 
Or:       Trials 1 & 3:     [PAN] x 3      rate x 3 

 
∴  rate = k[PAN]     (it’s first order) 

 

reaction coordinate

En
er

gy

Ea = 115 kJ/mol

∆H = 88 kJ/mol

PAN (rxt)

products
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3. Rick Grimes and his group of survivors are dealing with a major lack of resources in the 
zombie apocalypse. Their current water source is contaminated and needs to be treated with 
chlorine to be disinfected. Eugene suggests they produce the needed chlorine via the gas-
phase electrolysis of salt: 

2 NaCl (g)       2 Na(g)   +  Cl2(g) 

a) (6 pts) The above reaction is carried out at 750 K using 1.25 kg of salt in a 35.0 L reaction 
vessel.  If only 0.120 kg of chlorine gas is obtained at equilibrium, what is the value of KC 
at this temperature? 

THIS IS JUST A TYPE 1 EQUILIBRIUM PROBLEM 

? initial mol NaCl
L

=1.25 kg!1000 g
1 kg

!
mol NaCl

58.44 g NaCl
!

1
35.0 L

= 0.6111 mol/L NaCl initial

? EQM mol Cl2

L
= 0.120 kg!1000 g

1 kg
!

mol Cl2

70.90 g Cl2

!
1

35.0 L
= 0.0484 mol/L Cl2  @ EQM

 

 
 2 NaCl (g)        2 Na(g)   +      Cl2(g) 
I 0.6111 0 0 

C -2x +2x +x 

-2(0.0484) +2(0.0484) +0.0484 

E 0.5143 0.0968 0.0484 

 

KC =
[Na]2[Cl2 ]
[NaCl]2

=
(0.0968)2(0.0484)

(0.5143)2
=1.71x10–3  

 
Answer = ______________________ 

b) (2 pts) What is the value of KP at 750 K? 
 
KP =KC(RT)

!ngas = (1.71x10–3 )(0.083145!750)3–2 = 0.107  
 

Answer = _____0.107_____ 

c) (2 pts)The equilibrium mixture from part (a) is transferred to a 20.0 L container. What is 
the qualitative effect on the value of KC? Explain, in one or two sentences. 

 
The volume of the new container is SMALLER than the volume of the original container. This 
means that the equilibrium will shift to the side that contains FEWER gas particles (to 
accommodate the decrease in available space). In this case, the equilibrium will shift to the 
LEFT and so K will DECREASE. 
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4. You wish to determine the pH of a 0.0200 M solution of NH4NO2. 

THIS QUESTION WAS COVERED IN DGD#9 

a) (2 pts) The Kb of ammonia is 1.8x10–5. What is the Ka value of its conjugate acid? 
 

Ka =
KW

Kb
=
1.0x10–14
1.8x10–5

=5.56x10–10  

 
Answer = ______________________ 

b) (6 pts) Determine the [H3O+] and [OH–] produced by the hydrolysis (if any) of 0.0200 M 
NH4NO2. 

 
Both ions will hydrolyze, so two ICE tables are necessary: 
 
     NH4+  +  H2O     H3O+   +   NH3 

I 0.0200 - 0 0 
C -x - +x +x 
E 0.0200 - x - x x 
 
 
 
 
 
 
       NO2–  +  H2O     OH–   +   HNO2 

I 0.0200 - 0 0 
C -x - +x +x 
E 0.0200 - x - x x 
 
 
 
 
 
 
 

[H3O+] = ____3.33x10–6 M_______ [OH–] = ___5.27x10–7 M______ 

c) (2 pts) Calculate the expected pH of the solution. 
 

[H3O+] > [OH–], therefore, the excess H3O+ will determine the pH of the solution: 
 

leftover [H3O+] = 3.33x10–6 – 5.27x10–7 = 2.80x10–6 M 
 

pH = –log(2.80x10–6) = 5.55 
 

Answer = _____5.55_________  
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5. Your lab TA asks you to prepare a buffer solution with a pH of 7.40. The following reagents 
are all available to you: 550 mL of 0.200 M formic acid, 450 mL of 0.200 M hypochlorous 
acid, solid sodium formate and solid sodium hypochlorite. 

THIS IS A SLIGHTLY MODIFIED VERSION OF THE EXAMPLES IN THE COURSE NOTES 
 

a) (2 pts) Which 2 ingredients will you use to prepare the desired buffer? 
 

HCOOH/HCOO– pKa = –log(1.8x10–4) = 3.74 
HOCl/OCl–   pKa = –log(2.9x10–8) = 7.54 
Therefore, hypochlorous acid/sodium hypochlorite is the appropriate choice. 

 
b)  (2 pts) What is the base/acid ratio in the desired buffer? 
 

pH = pKa + log
[OCl– ]
[HOCl]
!

"
#

$

%
&

'
[OCl– ]
[HOCl]

=10pH–pKa =107.40-7.54 = 0.724
 

Answer: _____0.724________ 

c) (3 pts) What mass (in g) of solid base must you dissolve in the corresponding acid solution 
to achieve the desired buffer pH? 

 
[OCl– ]
[HOCl]

= 0.724

![OCl– ]= 0.724"[HOCl]= 0.724"0.200 M = 0.145 M

? g NaOCl = 0.450 L" 0.145 mol OCl–

L
"

1 mol NaOCl
1 mol OCl– "

74.44 g NaOCl
mol NaOCl

= 4.86 g

 

Answer: _____4.86 g_______ 

d) (3 pts) If 1.00 mL of 1.00 M NaOH is added to the buffer solution, what will be the new pH? 
 

? mol OH– added = 0.00100 L!1.00 mol OH–

L
= 0.00100 mol

? mol OCl– initial = 0.450 L! 0.145 mol OCl–

L
= 0.06525 mol

? mol HOCl initial = 0.450 L! 0.200 mol HOCl
L

= 0.0900 mol

 

pH = pKa + log
[OCl– ]
[HOCl]
!

"
#

$

%
&=7.54+ log 0.066250.0890

!

"
#

$

%
&=7.41  

 
Answer: __________7.41_______  

   HOCl  +  OH–     OCl–  +  H2O 
B 0.0900  0.06525 - 
A  0.001  - 
M -0.001 -0.001 +0.001 - 
A 0.0890 0 0.06625 - 
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Gas Laws 

PV  =  nRT 

 

PT  =  P1 + P2 + P3 + …  
PA = χAPT 

 

 

 

 

 

Equilibrium 

KP = KC(RT)∆n 

ln K2

K1

!

"
##

$

%
&&= '

!Hº
R

1
T2
'
1
T1

!

"
##

$

%
&&  

Acid/Base 

pOH = –log[OH–]  
pH = –log[H+] 
pH + pOH = 14  
Ka x Kb = KW 
pH = pKa + log [A–]/[HA] 

 

 

Thermochemistry 

∆U = q + W 
Wsystem  =  –P∆V = –∆nRT 
∆H  =  ∆U + P∆V  
qP  =  ∆U + P∆V 
q = mc∆T 
q = n∆H 
∆Hrxn° = ∑n∆Hf°(pdts) – ∑n∆Hf°(rxts) 

The atom 

E = hν 
c = νλ 
E = –B/n2 

Kinetics 

[A]t = [A]o – kt 
ln[A]t = ln[A]o – kt 
1/[A]t = 1/[A]o + kt 
k = Ae(-Ea/RT) 

 

 

 

Other 

n = m/MM 
C = n/V 

 

 

 

 

P1V1
T1

=
P2V2
T2

d =m
V
=
P !MM
RT

EK =
1
2
mu2

urms =
3RT
MM

Rate A
RateB

=
MMB

MMA

P + n2a
V2

!

"
#

$

%
&  V – nb( ) =nRT

pH =
pKa1 + pKa2

2

ln k2
k1

!

"
##

$

%
&&= '

Ea
R

1
T2
'
1
T1

!

"
##

$

%
&&

%yield = actual yield
theoretical yield

!100%

!A =
nA
nT
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Data For Water 
  
c = 2.13 J g-1 K-1 (solid)  Density  = 1.00 g/mL (at 25°C) 
c = 4.184 J g-1 K-1 (liquid) ∆H°fus = 6.02 kJ mol-1 
c = 2.01 J g-1 K-1 (gas) ∆H°vap = 40.7 kJ mol-1 

Constants and Conversion Factors 
 

1 mmHg = 1 torr 1 cm3 = 1 mL 
760 mmHg = 1 atm 1000 mL = 1 L 
1 atm = 101.325 kPa 1000 L = 1 m3 
1 atm = 1.013125 bar 1 mol = 22.7 L at STP 
 
Avogadro’s Number NA 6.022x1023  mol-1 

Boltzmann’s constant kB 1.38065x10-23  J•K-1 

Gas constant R 8.31451  J•mol-1•K-1 

 R 0.08206  L•atm•mol-1•K-1 

 R 8.31451  m3 •Pa•mol-1•K-1 

 R 8.31451  L•kPa•mol-1•K-1 

 R 0.0831451  bar•L•mol-1•K-1 

Planck’s constant h 6.62608x10-34 J•s  

Speed of Light c 2.99792458x108 m•s-1 
 

 
Table of Ionization Constants at 25.0ºC 
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