Chemistry CHM 1311C Test 2
Novermber 27, 2012 A 
Darrin Richeson
Name:


Student Number:



Laboratory Day (circle one): 
	Tuesday 2:30
	Tuesday 6:30

	Wednesday 10:00
	Thursday 2:30

	Thursday 6:30 
	Friday 2:30


Laboratory TA: 


DO NOT TURN THE PAGE OR START THE EXAM UNTIL YOU ARE NOTIFIED.

You will have 80 minutes for the exam. 

There are 9 pages for the exam. 

Data and a periodic table are on the last three pages.

Feel free to remove these and use them.

	Question
	Mark

	1
	/ 6

	2
	/ 6

	3
	/ 6

	4
	/ 6

	5
	/6

	
	

	Total
	/30


Good Luck.

1. Cyclopropane (“cp”) decomposes to propene as follows:
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When this reaction is carried out at 727°C, increasing the concentration of cyclopropane by a factor of three leads to an increase in the reaction rate by a factor of 3. The following data also applies:
 
[cp] M

time (min)
 1 

0

0.45
 
2

(a) Propose a form for the rate law?

(b) What is the value of the rate constant, k? 

(c) What is the half-life of the reaction? 

(d) How long will it take for the concentration of “cp” to drop to 0.25M?

Answer:

The tripling of the reaction rate with triple concentration indicates that the rate law is first order in [cp]
Rate of reaction  = k[cp]
Using the integrated first order rate law provided:

ln[B]t – ln[B]0 = -kt = -k(2min) = ln 0.45 – ln 1 = -0.799

k = 0.399 min-1 

The half-life, t1/2 is the time when half of the original [cp] has been consumed. 

Either use 

ln[B]t – ln[B]0 = -kt = -0.399min -1(t1/2) = ln 0.500 – ln 1 = -0.693
 (t1/2) = -0.693/-0.399 min -1  = 1.73 min

or t1/2 = ln2/k = 0.693/0.399 = 1.73min
(these are the same!)

Can either use the integrated rate law or realize that ¾ is 2 x t1/2

ln[B]t – ln[B]0 = -kt = -0.399 min -1(t) = ln 0.25 – ln 1 = -1.386

t = 3.47 min. 
2. The equilibrium reaction 2NO(g) ( N2(g) + O2(g) has an equilibrium constant (Kp) of 20 at 2200°C. 

(a) If you begin with 0.25 mol of O2 and 0.25 mol of N2 in a 5.0L container, what is the partial pressure of NO at equilibrium? 
(b) At equilibrium, what are the partial pressures of N2 and of O2?
Answer

T = 2200C + 273 = 2473K

P(N2) = nRT/V = 0.25(0.0821)(2473)/5 = 10.15 atm

P(O2) = nRT/V = 0.25(0.0821)(2473)/5 = 10.15 atm

2NO(g)
 ( 
N2(g) + 
O2(g)
I
-


10.15

10.15


C
2x


-x

-x

E
2x


10.15-x
10.15-x

(10.15-x)2/(2x)2 = 20
10.15-x/2x = 4.47

( 2x)(4.47) = 10.15-x

10.15 = 2x(4.47) + x = (8.94+1)x
x = 10.15/(9.94) = 1.02
P(NO) = 2x = 2.04 atm
P(N2) = 10.15 -1.02 = 9.13 atm

P(O2) = 10.15 -1.02 = 9.13 atm
3. A 500 mL solution is 0.050M in both PO43- and OH-. To this solution, 0.55M Mg(NO3)2 is slowly added. 
Ksp (Mg3(PO4)2) = 1.0 x 10-25

Ksp (Mg(OH)2) = 1.8 x 10-11
(a)Which anion will precipitate first from solution?
(b) What is [Mg2+] at the point at which the second anion begins to precipitate?

(c) What is the concentration of the first precipitating anion when the second anion begins to precipate?

Answer:

Precipation begins with the solubility product constant is reached
For Mg3(PO4)2
Ksp = 1.0x 10-25 = [Mg2+]3[PO43-]2

Precipitation begins with [Mg2+] = {1.0x 10-25 / [PO43-]2}1/3 = {1.0x 10-25 / [0.05]2}1/3
 = 3.42 x 10-8

For (Mg(OH)2
Ksp  = 1.8 x 10-11 = [Mg2+][OH-]2

Precipitation begins with [Mg2+] = 1.8 x 10-11/[OH-]2  = 1.8 x 10-11/[0.050]2

 = 7.20 x 10-9

The first to ppt is Mg(OH)2  at [Mg2+] = 7.20 x 10-9(lower value than for Mg3(PO4)2) 

Mg3(PO4)2 begins to ppt at Mg2+ = 3.42 x 10-8M
The “first precipitating anion”is OH-. When Mg2+ = 3.42 x 10-8M  the concentration of OH- can be calculated from 

1.8 x 10-11 = [Mg2+][OH-]2 = [3.42 x 10-8][OH-]2

[OH-] = {1.8 x 10-11 /3.42 x 10-8}1/2  = 2.29 x 10-2
4.  Phosphoric acid has the formula H3PO4 and is a triprotic acid (i.e. donates up to 3 protons). 

What is the concentration of dihydrogen phosphate anion, [H2PO4-], of a solution labeled "0.100 M Phosphoric Acid"? [Ka1 = 7.1 × 10-3; Ka2 = 6.3 × 10-8; Ka3 = 4.2 × 10-13]. What is the pH of this solution?
Answer: 

H3PO4
 ⇌
H2PO4
 
+
 H+  
	i
	0.100
	-
	-

	c
	-x
	x
	x

	e
	0.100-x
	x
	x


Ka1 = 7.1 x 10-3 = [H2PO4-][H+]/ [H3PO4] = x2/0.100-x 

With assumption: x2 = 7.1x10-3 x 0.100 
x = 0.0266 – assumption is not valid! 

Quadratic 

x2+ (7.1x10-3) x - (7.1x10-3 )(0.100) = 0
Quadratic x = 0.0233 M  = [H2PO4-]
The student might neglect the second dissociation but must mention that this is the case or loss of 1 mark. 

To be rigorous we should consider second dissociation 

H2PO4-
 ⇌
HPO42-
 
+
 H+  
	i
	0.023
	-
	0.023

	c
	-x
	x
	x

	e
	0.023-x
	x
	0.023+ x


Ka2 = 6.3 × 10-8 = [HPO42-][H+]/ [H2PO4-] = (0.023+ x)x/(0.023-x)

With assumption x = 6.3x10-8 (VALID!)
This does not significantly affect either the [H2PO4-] or the [H+] that was generated by the first dissociation. 

So pH = -log[H+] = -log(0.0233) = 1.63
5.  Glycine is an amino acid with formula NH2CH2COOH that exists as a zwitterion+NH3CH2COO- in solution. Glycine behaves as a monoprotic acid with a Ka of 1.58 x 10-10.  
In order to prepare a buffer solution you are given 500 mL of a 0.40M glycine solution and told to add 3.6 g of NaOH to the solution. The solution volume does not change. What is the pH of this buffer? 

Glycine has a molecular weight of 75 g/mol.

Answer:

The reaction:


+NH3CH2COO-  ⇌  NH2CH2COO-  +  H+    Ka 1.58 x 10-10

conj. acid (HA)
conj. base (A-)

“The stoichiometry part” – this is needed to get the initial concentrations
Begin with 0.200 mol glycine = 0.500L x 0.40M of glycine (HA) 

When NaOH added, some of this is converted to to the conj. base. 

3.6g x 1mole/40g = 0.09 moles added NaOH converts 0.09 moles HA into A-

This leaves 0.200-0.090 = 0.11 moles of HA
“The equilibrium part” – this is where you calculate the pH

+NH3CH2COO-  ⇌  NH2CH2COO-  +  H+    Ka = 1.58 x 10-10
	I
	0.11/0.5
	0.090/0.5
	-

	C
	
	
	

	E
	0.11/0.5-x
	0.090/0.5+x
	x


Notice that since everything is in the same volume, this cancels but the student might use the initial concentrations in the ICE table.
Glycine = HA = 0.11/0.5 = 0.22M  and A- = 0.09/0.5 = 0.18M

 x(0.09+x)/(0.11-x) = Ka = 1.58 x 10-10
alternatively

x(0.18+x)/(0.22-x) = Ka = 1.58 x 10-10
“assumption” gives x = 1.93x10-10 = [H+]
pH = 9.71
 using the Henderson- Hasselbalch equation.


        

pH = pKa +log [A]/[HA]= 9.80 + log(0.09/0.11) = 9.71
not necessary –pH of the initial solution before addition of NaOH

 pH = -log {[Ka x 0.4]1/2} = 5.10
Thermodynamic data for temperature = 298.15 K

Ho​(kJ/mol) 

Go(kJ/mol K)
So(J/mol K)

PCl3(g)
-287


-267.8


311.8

PCl5(g)
-374.9


-305.0


364.6
POCl3(g)






222.4

SO2Cl2(g)
-364.0


-320.0


311.9

COCl2(g)
-218.8


-204.6


283.5




Cl2(g)

0


0


223.1

O2(g)

0


0


205.11

SO2(g)

-296.8


-300.2


248.2

CO(g)

-110.5


-137.2


197.7

SO3(g)

-395.7


-371.1


256.8

I(g) 

106.8 


70.25 


180.8 

I2(g)

62.44


19.33


260.7

I2(s)

0


0


116.1



CH​4(g)

-75.0





186.3



CH3OH(l)
-237





126.8



O2(g)

0


0


205.1



N2H4(g)
95.4





238.5

N2O4(g)
11.1





304.4

H2O(g)

-241.8





188.8

N2(g)

0.0





191.6

N2H4(l)
50.6





121.2

N2O4(l)
-19.5





209.2

SnO2(s)
-580.7





52.3
C(s) 

0





5.74
Sn(s) 







51.2
2CO2(g) 
-393.5





213.8

H2







130.7

Br2(g)

30.91





245.5
HBr

-36.4





198.7
Data For Water

Density  = 1.00 g/mL (25°C)


C = 2.13 J g- K- (solid)
C = 4.18 J g- K- (liquid)
H°fus = 6.02 kJ mol-
Cp = 2.01 J g- K- (gas)
H°vap = 40.7 kJ mol-
	Work = mass x acceleration x height
Gas Law
PV  =  nRT

PTotal  =  P1 + P2 + P3 + . . . 
d = m /V = P(MW) / RT

KE  = (1/2)mvav2
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Acid/Base

pOH = -log [OH-] 

pH = -log[H + ]
pH + pOH = 14 
Ka x Kb = Kw
pH = pKa +log [A]/[HA]
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Kinetics

ln[B]t = -kt + ln[B]o
[B]t = -kt + [B]o
1/[B]t = kt + 1/[B]o
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f.c. = valence-1/2 bonding pairs-lone pairs


	Thermodynamics

U = q + w
wsystem  =  PV
H  =  U + PV 
qP  =  U + PV

Cp = Cv + R 
Hrxn°=npHf(products) 

               nrHf(reactants)

S°=npS(products) 

               nrS(reactants)

Grxn°=npG(products) 

               nrG(reactants)

qrev = -wmax = nRT ln (V2/V1)

S = qrev / T
ST1-T2 = nCp ln(T2/T1)

S T1-T2 = nCv ln(T2/T1)
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Go  =  Ho  -  TSo

G = Go + RT ln(Q)
Go = - RT ln(K)
ln(K2/K1) =  -Ho/R (1/T2 - 1/T1)

Electrochemistry

G = -nFEcell

Ecell = Eocell – (RT/nF)logQ 
Ecell = Eocell – (0.0592/n)logQ


Constants

Acceleration of gravity
g
9.8
m/s2
Avogadro’s Number
N
6.022x1023
mol-1

Boltzmann’s constant
k
1.30866x10-23
J·K-1

Faraday’s constant
F
96,485
C·mol-1

Gas constant
R
8.31451
J·K-1·mol-1



R
0.08206
atm·L·K-1·mol-1

Planck’s constant
h
6.62608x10-34
J·s
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Speed of Light
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2.99792458x108
m·s-1
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