CHM 1311C Midterm

November 26, 2013 Richeson


Chemistry CHM 1311C Test 2
November 26, 2013
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 data and a periodic table on the last two pages.

Feel free to remove these and use them.

	Question
	Mark

	1
	/ 5

	2
	/ 5

	3
	/ 5

	4
	/ 5

	5
	/ 5

	6
	/ 5

	
	

	Total
	/30


Good Luck.

1. Peroxyacetyl nitrate (PAN) is an air pollutant produced during photochemical smog events. PAN is unstable and dissociates into peroxyacetyl radicals and nitrogen dioxide. 
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	Trial 
	Initial [PAN] (M) 
	Initial Rate (M/min) 

	1 
	1.02 x 10-3 
	2.36 x  10-5

	2 
	2.04 x 10-3
	4.72 x  10-5

	3 
	4.09 x 10-3
	9.44 x  10-5


a) Using the data in the table, derive a rate law and a value for the rate constant (with units) for the decomposition of PAN at 298K.
The concentrations were doubled and the reaction rate doubled which is first order. 
Rate = k[PAN]
Taking any of the trials, k = rate/[PAN] = (for example k = 2.36 x 10-5/1.02 x 10-3 )  

k = 2.31x10-2 min-1 or 3.85 x 10-4 sec-1
b) The decomposition of PAN has a half-life of 35.0 hr at 273K. What is the rate constant for this reaction at this temperature? Use the same units as part (a). 
k = ln2/t1/2 = ln2/35.0hr = 1.98x 10-2 hr-1 x 1 hr/60min = 3.30x 10-4 min-1
c) What is the activation energy for this reaction? 

ln(k1/k2) = -(Ea/R)(1/T2-1/T1) = ln(3.30 x 10-4/2.31 x 10-2) = -(Ea/8.314)(1/273-1/298)
ln(1.43 x 10-2) = -4.25 = -(Ea/8.314)(3.07 x 10-4) 

Ea = 1.15 x 105 J/mol or 115kJ/mol
2. Nitrosyl chloride decomposes to form nitrogen monoxide gas and chlorine gas, according to the following equation:

2NOCl
(g)
 ⇄
2NO(g)  + Cl2(g)

At a 300 K, the equilibrium constant (Kp) is 1.60 x 10-6 . Calculate the equilibrium pressures of all gases if 2.0 moles of 
NOCl are placed in a 2.00L container and equilibiurm is established.
K = 1.60 x 10-6 =  PNO2 PCl2/PNOCl2
2 mole (0.0821L atm/(molK))300K/2.00L = 24.6 atm = initial PNOCl

2NOCl
(g)
 ⇄
2NO(g)  + Cl2(g)
I
24.6 atm

-

-

C
-2x


2x

x

E
24.6-2x

2x

x

K = 1.60 x 10-6 = (2x)2(x)/(24.6-2x)2
Assumption is that 2x<<24.6 so this simplifies to 

K = 1.60 x 10-6 = (2x) 2 (x)/24.62 = 4x3/(24.6)2
x = 6.23 x 10-2

PNO =2(6.23 x 10-2) =0.125atm
PCl2 = 6.23 x 10-2atm
PNOCl = 24.5 atm
3. A 1.82 g sample of a basic anion symbolized by B-, with a molar mass of  26.02 g/mol, was dissolved in water to produce 100.0 ml of solution with a pH = 11.53.  Write the equation for the reaction of B- in water and calculate the ionization constant (Kb) for this base. 
The equation is

B- + H2O ⇄
 HB +

 OH- 

1.82g x 1mole/26.02g  = 6.995 x 10-2 moles
Dissolved in 0.100L

M = 0.6995M
When pH = 11.53 pOH = 2.47 and [OH-] = 3.88x10-3M
B- + H2O ⇄
 HB +

 OH- 

I
0.6995


-
-
C
-3.88x10-3
3.88x10-3
3.88x10-3
E
0.696

3.88x10-3
3.88x10-3
Kb =[HB][OH-]/[B-] =  (3.88x10-3)2/0.696 = 2.16 x 10-5
(b) What is the numerical value of the equilibrium constant for the following reaction? 
BH + H2O ⇄ B- + H3O+ 
This corresponds to Ka of the conjugate acid of the base B-. So
Ka = Kw/Kb = 10-14/2.16 x 10-5 = 4.62 x 10-9
4. You are given 0.500L of a 0.660M solution of HOBr (Ka= 2.00x10-9)

(a) What is the pH of this solution?

Answer:

HOBr
 →
H+
 OBr-
0.660

-
-

0.660-x

x
x

x2/0.660-x = 2.00x 10-9 

Since 0.66>>2x10-9 we will use the “assumption” and 0.66-x = 0.66
x2 = 2.00x10-9 x 0.660 = 1.32x10-9

x = 3.63 x 10-5
This is the [H+] so pH = 4.44
(b) You now add 18.51g of KOH to this solution. 

Now, what is the pH of this solution?

Answer:

Moles of HOBr = 0.500L x 0.660M = 0.330 moles HOBr

18.5 g x (1 mole/56.11g) = 0.3297 = 0.330 moles 

Added 0.330 moles of KOH

The reaction is 1:1

KOH + HOBr → K+ + H2O + OBr-
This solution now contains 0.330 mole/0.5L or 0.660M OBr-
This species is a base

OBr- + H2O  → HOBr +OH-  and Kb = Kw/Ka = 10-14/2.00x10-9 = 0.500 x 10-5
= 5.00 x 10-6
OBr- + H2O  

 HOBr +
OH- 

0.660







0.660-x


x

x

x2/(0.660-x) = 5.00x10-6

Since 0.660>>5x10-6 we will use the “assumption” and 0.66-x = 0.66

x2 = 0.660 x 5x10-6 
x = [OH-] = 1.82 x 10-6 
pOH = 2.74 and pH = 11.26
5. Metal hydroxide salts are commonly listed among the insoluble ionic compounds. The Ksp values of two of these salts are listed below.  
Mg(OH)2
 Ksp = 6.3x10-10

Ca(OH)2
 Ksp = 6.5x10-6
You are given a solution that contains1.0M Ca2+ and 1.0M Mg2+. At what pH will the first precipitation begin?
[Mg2+][OH]2 =  Ksp = 6.3x10-10

Precipitation occurs at 
[OH-]  =  {(6.3x10-10)/1.0}1/2 = 2.51 x 10-5
 pOH = 4.60, pH = 9.40

This corresponds to the first precipitation

[Ca2+][OH]2
= Ksp = 6.5x10-6
Precipitation occurs at 
[OH-] =  {(6.5x10-6)/1.0}1/2= 2.49 x 10-3 pOH = 2.60, pH = 11.40

What will be the concentrations of Ca2+ and Mg2+ when the pH is 11?
When pH = 11, pOH = 3, [OH-] = 10-3M

To calculate the maximum amount of cation in solution, use the concentration of hydroxide and the Ksp. 

[Mg2+][10-3]2 =  Ksp = 6.3x10-10

[Mg2+] =  6.3x10-10/10-6  = 6.3x10-4
[Ca2+][10-3]2
= Ksp = 6.5x10-6
[Ca2+] = 6.5x10-6/10-6 = 6.5 this is higher than the initial concentration so none is ppt. and the concentration is 1.0M
(actually don’t need to calculate this if the student already learned in part a that the ppt begins at pH = 11.4. Will not ppt at pH = 11)
6. Short answers:
Using the following information:
SO2(g) + ½ O2(g) ( 2SO3(g)
 
K= 2.30 x 104 
SO2Cl2(g) ( SO2(g) + Cl2(g) 

K= 2.9 x 10-2 
What is the equilibrium constant for the following reaction?

SO2Cl2(g) + ½ O2(g) ⇌  SO3(g) + Cl2(g)
K =
6.67x102

Work not necessary

(2.3x104) x (2.9 x 10-2) = 6.67x102
For the reaction 
SO2 + ½ O2   ⇄
SO3 
Kp = 3.4 at 1000K
What is the value of Kp for the following reaction (also at 1000K)?

½ SO3
     ⇄
½ SO2 + 1/4 O2

Kp =
0.54

Work not necessary

 (1/3.4)1/2 = 0.542
Given that Ka of lactic acid, CH3CH(OH) CO2H, is 1.38x10-4 what is the Kb for the anion CH3CH(OH) CO2-?






Kb =
Kw/Ka  = 7.25x10-11

If the rate law for the decomposition of hydrogen peroxide (H2O2) if given by 
rate = 7.3x10-4sec-1[H2O2]. What is the half-life for the decomposition?
t1/2 =
950 sec


Work not necessary

ln2/k = 0.693/7.3x10-4 sec
For the following reaction, 

C(s) + H2O(g) ⇄ CO(g) + H2(g) H = 131 kJ/mole

Will the amount of product increase, decrease, or remain the same if the volume is decreased while all other factors remain constant?
V decrease corresponds to P increase and reaction favors side with least moles of gas. Reactants favored so Decrease product
	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


[image: image6.wmf]RT

E

a

Ae

k

/

-

=


ln(k2/k1) = -(Ea/R)(1/T2-1/T1)
k = ln2/t1/2

	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)


[image: image7.wmf]T

H

T

q

S

sys

gs

surroundin

gs

surroundin

D

-

=

=

D

0


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
General


[image: image8.wmf]a

ac

b

b

x

2

4

2

-

±

-

=


f.c. = valence-1/2 bonding pairs-lone pairs




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-
Constants

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
8.314
J·K-1·mol-1


R
8.314
kPa·L/(mol·K)



R
0.08206
atm·L·K-1·mol-1

Planck’s constant
h
6.62608x10-34
J·s


Speed of Light
c
2.99792458x108
m·s-1
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