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CHM 1311 A
Midterm #2 A
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 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.




	Question
	Points Possible
	Points Earned
	TA Initial

	1
	20
	
	

	2
	10
	
	

	3
	10
	
	

	4
	10
	
	

	5
	10
	
	

	TOTAL
	50
	
	





1. 
(10 points) Short Answer Questions
a. [image: ]On the axes provided at right, draw the expected line (or curve) of a van’t Hoff plot for an exothermic reaction.

b. Exactly 2.00 mol of A, 2.00 mol of B, and 2.00 mol of C are placed in a sealed 1.00 L flask at 600K.				2A (g)  +  B(g)     C(g)          KC = 645 at 600 K
The reaction will proceed towards (circle one) 	REACTANTS	PRODUCTS
because ____________________________________________________________________.
c. The equivalence point of a titration is the point at which the indicator changes colour.
TRUE		FALSE
d. If the equilibrium constant for the reaction   HA  +  H2O    H3O+  +  A-     is Ka, then the equilibrium constant for the reaction  H3O+  +  A-   HA  +  H2O  would be
Ka	KW/Ka		1/Ka		Kb
e. For the majority of reactions, reaction rate is fastest when:
Ea high, T low           Ea high, T high           Ea low, T low             Ea low, T high
f. From the given mechanism, what is the overall reaction and its expected rate law?
Mechanism Step 1:	CH4 + O2  CO + 2H2O		k1 = 1.1x104 M–1 s–1
Mechanism Step 2:	CO + O2  CO2			k2 = 6.3x107 M–1 s–1
Overall Reaction:	_____________________________	rate = ____________________

g. A buffer solution is prepared from 0.450 M HCN and 0.450 M NaCN. The pH of this solution is _______________________.

BONUS:
Classify the following as either Brønsted or Arrhenius bases.
	NH3
NaOH
PO43-
	Brønsted
	Arrhenius


2. The progress of the reaction below is followed for 50 seconds at 298 K.
A    B  +  C
[image: ][image: ][image: ]
a). (1 point) What is the order of the reaction?   ____________________________

b). (3 points) What is the rate constant for this reaction at this temperature?






Answer: _________________________
c). (3 points) What is the half-life of this reaction?








Answer: _________________________
d). (3 points) What will [A] be after 30 seconds if its initial concentration is 0.755 M?











Answer: _________________________

3. In an analysis of interhalogen reactivity, 0.500 mol of ICl was placed in a 5.00 L flask, where it decomposed at 800K:
2 ICl(g)		I2(g)	+	Cl2(g)
a) (5 points) What are the equilibrium concentrations of each species? KC = 0.110 at 800K

















[ICl] = __________________          [I2] = ___________________        [Cl2] = ___________________

b) (5 points) Using the data above and below, find the value of KP for the indicated reaction.

	Reaction
	KP

	HCl(g)      ½ H2(g)   +   ½ Cl2(g)
	2.54

	2 ICl(g) +   H2(g)   I2(g)	+   2HCl(g)
	?

















Answer: ____________________________

4. A certain New Mexico chemistry teacher (let’s call him “Heisenberg”) decides to supplement his income by synthesizing and selling methamphetamine, C10H15N (MM = 149.2 g/mol). To ship it undetected, he disguises it by creating aqueous solutions (meth has an aqueous solubility of 0.011 g/100 mL).

a) (6 points) A saturated solution of this compound has a pH = 10.08. What is the value of Kb?























b) (4 points) Ammonia, NH3, has a Kb of 1.8x10-5. On the equilibrium below, label the acid, base, conjugate acid and conjugate base, and predict the preferred direction of the reaction (i.e. towards reactants or products?). To obtain full marks, show your reasoning.

C10H15N     +       NH4+			C10H15NH+      +       NH3
5. 

6. Your TA informs you that you will be performing a titration of 25.00 mL of 0.100 M acetic acid with 0.100 M NaOH.
a) (3 points) What is the initial pH (before any NaOH is added)?











Answer: ____________________________
b) (3 points) What is the pH at the half-equivalence point?











Answer: __________________________
c) [bookmark: _GoBack](4 points) Which of the following indicators is an appropriate choice for this titration? Show your calculations or explain your reasoning to obtain full marks.

	Indicator
	pH Range

	Thymol Blue
	8 to 10

	Bromocresol Green
	4 to 6

	Methyl Violet
	0 to 2











Answer: ___________________________

	Gas Laws
PV  =  nRT
[image: ]
PT  =  P1 + P2 + P3 + … 
PA = APT
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Equilibrium
KP = KC(RT)∆n


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

		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 = h
c = 
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)
[image: ]

	


Other
n = m/MM
C = n/V
[image: ]
[image: ]



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
[image: 16_07-01UN]

[image: ]
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Tonization

Ionization Equilibrium Constant K pK
Acid K, = pK, =
Todic acid HIO; + H,0 H,0" +10;~ 1.6 X 107! 0.80
Chlorous acid HCIO, + H,0 H;0" + ClO, ™~ 1.1 X 1072 1.96
Chloroacetic acid HC,H,ClO, + H,0 H,0" + C,H,ClO,~ 1.4 %1073 2.85
Nitrous acid HNO, + H,0 H;0" + NO,~ 72 %1074 3.14
Hydrofluoric acid HF + H,0 H,0" + F~ 6.6 X 107% 3.18
Formic acid HCHO, + H,0 H,0" + CHO,™ 1.8 X 1074 3.74
Benzoic acid HC;H50, + H,0 H;0% + C;Hs0, ™ 6.3 X 1073 4.20
Hydrazoic acid HN, + H,0 H,0" + N3~ 19X 1073 4.72
Acetic acid HC,H;0, + H,0 H,0" + C,H;0,~ 1.8 X 1073 4.74
Hypochlorous acid HOCI + H,0 H3O+ + OCI™ 29x 1078 7.54
Hydrocyanic acid HCN + H,0 H,0" + CN™ 6.2x 10710 921
Phenol HOCGH; + H,0 H;0" + C¢H;0™ 10X 10710 10.00
Hydrogen peroxide H,0, + H,0 H,0" + HO,~ 1.8 x 10712 11.74
Base K, = pk;, =
Diethylamine (C,H5),NH + H,0 (C,Hs5),NH," + OH™ 6.9 x 1074 3.16
Ethylamine C,HsNH, + H,0 C,HsNH;* + OH™ 43 x 1074 3.37
Ammonia NH; + H,0 NH,* + OH™ 1.8 X 1073 4.74
Hydroxylamine HONH, + H,0 HONH; " + OH™ 9.1 X 107? 8.04
Pyridine CsHsN + H,0 CsHsNHT + OH™ 1.5 %1079 8.82
Aniline CHsNH, + H,0 CeHsNH;™ + OH™ 74x10710 913

Copyright © 2007 Pearson Prentice Hall, Inc.
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