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Part A. 60 marks. Answer each question (5 marks each).

1.
Name and briefly describe each of the four quantum numbers.

n – principal quantum number, describes the size and energies of the orbitals

l – angular momentum quantum number, describes the shape of the orbital


ml – magnetic quantum number – describes the orientation of the orbital


ms – spin, describes the spin of the electron
2.
Write the ground state electronic configuration for the copper (Cu) atom predicted by AUFBAU. It is actually different from what AUFBAU predicts. State what you think it may be and why.

AUFBAU predicts 1s22s22p63s23p64s23d9
It is actually 1s22s22p63s23p64s13d10, since in this configuration, the valence shell has one half filled (4s1) and one completely filled (3d10) subshell.
3. 
Write the two balanced half reactions in the REDOX reaction: Sn+2(aq) + 2 Fe+3(aq) ( Sn+4(aq) + 2 Fe+2(aq). 

Sn+2(aq) ( Sn+4(aq) + 2 e-

2 Fe+3(aq) + 2 e- ( 2 Fe+2(aq)
4.
Why do elements always have G°f = 0 ?


G°f is the free energy of formation of a compound from the elements. If the compound is an element, its free energy of formation must therefore be zero.
5. 
A reaction has a large and positive value of G°. What can you predict about the relative amounts of reactants and products at equilibrium?

A positive value of G° implies that the equilibrium lies towards the reactant side of the reaction, i.e. that there is mostly reactants and very little products at equilibrium.
6.
Why is the van der Waals’ equation more accurate than the ideal gas law at high pressure?


The van der Waals equation takes account of the size of the molecules and the fact that they interact with one another.
7.
Starting with NO(g), show the reactions that produce ozone in photochemical smog.


NO(g) + ½ O2(g) ( NO2(g)

NO2(g) + h( ( NO(g) + O(g)

O(g) + O2(g) ( O3(g)
8.
For the exothermic reaction 2 NO(g) + Cl2(g) (  2 NOCl(g), use le Chatelier’s principle to predict:

(a) which way the equilibrium shift (L or R) if the pressure is raised. 

Raising the pressure shifts the equilibrium towards the side with the fewere number of moles of gas, i.e. to the RIGHT.
(b) which way the equilibrium will shift (L or R) if the temperature is lowered.
Lowering the temperature shifts the equilibrium to the exothermic direction, i.e. to the RIGHT.
9.
Reaction A has a rate 100 times greater than reaction B. What can be said about H° for the two reactions?

NOTHING can be said about the values of H° for these two reactions. Since H° is a state function, its value does not depend on the rate of the reaction.
10.
Write the expression for the concentration equilibrium constant, Kc, for the reaction 

CaCO3(s) ( CaO(s) + CO2(g).
Kc = [CO2(g)]
11.
The triple bond between the carbon atoms in acetylene, C2H2, is actually one sigma bond and two pi bonds. Why can there not be three sigma bonds instead?

The three p-orbitals are orthogonal to one another (i.e. at right angles). Thus, when one sigma bond is made, the other p-orbitals end up parallel to one another, and thus can not interact end-on.
12.
Give an example of a spontaneous process, and an example of a non-spontaneous process. (They can not be the reverse of one another!)

Examples of spontaneous processes:

Ice melting at 25°C


Gases mixing with one another


Heat moving from a warmer body to a cooler one


Examples of non-spontaneous processes:


CO2(g) + 2 H2O(g) ( CH4(g) + 3 O2(g)

Water flowing up hill

H2O(g) (H2O(l) at 200°C
Part B. 120 marks. Attempt all 7 questions. The best 6 will be counted. (20 marks each)

1. A liquid consists of hexane (C6H14) and propane (C3H8). When 0.2759 g of this liquid is burned with excess oxygen, 0.8339 g of CO2(g) is produced. Calculate the composition (% by mass) of the original mixture of hexane and propane.

Let x = mass of hexane


Let y = mass of propane


Thus, x + y = 0.2759 g
(equation 1)
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Thus, the number of moles of C in the liquid sample must have been 0.01895 as well.

Moles C from the hexane = 
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Moles C from the propane = 
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Thus, 
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(equation 2)
From equation (1), y = 0.2759 – x

Thus, 
[image: image6.wmf]mol

01895

.

0

mol

g

44

g

)

x

2759

.

0

(

3

mol

g

86

g

x

6

1

1

=

-

+

-

-


Solving, x = 0.0874 g
Thus, y = 0.2759 – x = 0.1885

Thus, mass % hexane = 0.0874/0.2759 x 100 = 31.7% hexane

Thus, % propane = 100 - % hexane = 68.3% propane

2.
(a) Referring to the drawing of an aspirin molecule below, state the hybridization of each of the four indicated atoms.
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Atom 1: sp2 (3 charge clouds)

Atom 2: sp3 (4 charge clouds)

Atom 3: sp2 (3 charge clouds – note that the O atom must have two lone pairs.)

Atom 4: sp3 (4 charge clouds – note that the O atom must have two lone pairs.)
(b) Use VSEPR theory to predict the shape and the ideal bond angles of ClF3.
Valence electrons = 7 + (3 x 7) = 28
Arranging the three F atoms around the Cl atom, making single bonds, and completing the octets of the F atoms leaves two lone pairs to place on the Cl atom. The molecule is thus of the form AX3E2 and is therefore T-shaped. The ideal bond angles are 90° and 180°.
(c) Two forms of N2F2 are shown below. State which, if either, has a dipole moment and why.
(i)
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Form (i) has a dipole moment. Note that the two fluorines are not symmetrically placed about the N=N centre of the molecule. The dipole moment will point down.
Form (ii) has no dipole moment since the two polar N-F bonds point in opposite directions and their individual dipole cancel each other out.

3. For the reaction H2(g) + F2(g) ( 2 HF(g), the concentration equilibrium constant is 115 at a certain temperature. 

Calculate the equilibrium concentration of all three species (in mol L-1) if initially 3.00 mol of EACH OF THE THREE GASES are mixed in a 1.50 L flask at this temperature.
The concentrations are placed in a table as follows:

	
	H2(g)
	F2(g)
	HF(g)

	Initial (mol/L)
	2.00
	2.00
	2.00

	Change (mol/L)
	-x
	-x
	+2x

	Equilibrium (mol/L)
	2.00 - x
	2.00 - x
	2.00 + 2x


Thus at equilibrium, 
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Thus, 
[image: image11.wmf]115

)

x

00

.

2

)(

x

00

.

2

(

)

x

2

00

.

2

(

2

=

-

-

+


Taking the square root of both sides, 
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Or, (2.00 + 2x) = 10.72(2.00 – x)

2.00 + 2x = 21.44 – 10.72 x

12.72 x = 19.44

x = 1.53
Thus at equilibrium, [HF] = 2.00 + 2 x = 5.06 mol/L

[H2] = [F2] = 2.00 – x = 0.47
To check the answer: 
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4. Nitric oxide, NO(g), is produced in vehicle engines according to the reaction N2(g) + O2(g) ( 2 NO(g). Using the data in the table below,
	
	Hof, kJ mol-1
	So, J K-1 mol-1

	N2(g)
	0
	192

	O2(g)
	0
	205

	NO(g)
	+90.0
	211


(a) Calculate G° (in kJ/mol) at 500°C for the reaction. 
H° = 2 Hf°(NO(g)) - Hf°(N2(g)) - Hf°(O2(g))

= 180.0 – 0 – 0
= 180.0 kJ/mol
S° = 2 S°(NO(g)) - S°(N2(g)) - S°(O2(g))

= 2(211) – 192 – 205

= +25 J K-1 mol-1
Thus, G° = H° - TS°

= 180,000 J/mol – (500+273) K (25 J K-1 mol-1)

= +160675 J/mol

= +160.7 kJ/mol
(b) Calculate the value of Kp at 500°C.

Kp = 
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(c) If pO2 = 0.01 atm and pN2 = 0.7 atm, calculate pNO at equilibrium at 500°C.
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Thus, pNO = (Kp pN2 pO2)1/2 
= (1.39 x 10-11 (0.01 x 0.7))1/2 = 3.12 x 10-7 atm
(d) Use the ideal gas law and the value of pNO calculated in part (c) to calculate the equilibrium concentration of NO(g) in mol/L.

pV = nRT     Thus, 
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5. A person’s blood alcohol (C2H5OH) can be measured by reacting a sample of blood plasma with potassium dichromate in acid solution according to the unbalanced reaction:
Cr2O7-2(aq) + C2H5OH(aq) ( Cr+3(aq) + CO2(g)
(a) Balance the reaction in acidic solution

Oxidation half reaction:

C2H5OH(aq) ( CO2(g)
C2H5OH(aq) ( 2 CO2(g)
C2H5OH(aq) + 3 H2O(l) ( 2 CO2(g)
C2H5OH(aq) + 3 H2O(l) ( 2 CO2(g) + 12 H+(aq)
C2H5OH(aq) + 3 H2O(l) ( 2 CO2(g) + 12 H+(aq) + 12 e-
Reduction half reaction:
Cr2O7-2(aq) ( Cr+3(aq)
Cr2O7-2(aq) ( 2 Cr+3(aq)
Cr2O7-2(aq) ( 2 Cr+3(aq) + 7 H2O(l)
Cr2O7-2(aq) + 14 H+(aq) ( 2 Cr+3(aq) + 7 H2O(l)
Cr2O7-2(aq) + 14 H+(aq) + 6 e- ( 2 Cr+3(aq) + 7 H2O(l)
Cross multiply:

1 x (C2H5OH(aq) + 3 H2O(l) ( 2 CO2(g) + 12 H+(aq) + 12 e-)
2 x (Cr2O7-2(aq) + 14 H+(aq) + 8 e- ( 2 Cr+3(aq) + 7 H2O(l))

C2H5OH(aq) + 3 H2O(l) ( 2 CO2(g) + 12 H+(aq) + 12 e-
2 Cr2O7-2(aq) + 28 H+(aq) + 12 e- ( 4 Cr+3(aq) + 14 H2O(l)
Add together:

C2H5OH(aq) + 2 Cr2O7-2(aq) + 16 H+(aq) ( 2 CO2(g) + 4 Cr+3(aq) + 11 H2O(l)
(b) If 35.46 mL of 0.04961 M Cr2O7-2(aq) is required to react completely with 25.00 g blood plasma, what is the mass percent of alcohol in the blood plasma? 
0.03546 L x 0.04961 mol Cr2O7-2(aq) / L = 0.0017609 mol Cr2O7-2(aq)
From the balanced reaction, this will react with half as many moles of alcohol. Thus,

Moles alcohol = 0.0017609 / 2 = 0.0008796 moles alcohol

Thus, mass of alcohol in sample = = 0.0008796 moles x 46.0 g/mol = 0.0405 g alcohol

Thus, mass % alcohol = (0.0405 g alcohol / 25 g plasma) x 100 = 0.162%
6(a) Acetylene (C2H2(g)) can be prepared by the reaction
CaC2(s) + 2 H2O(l) ( C2H2(g) + Ca(OH)2(aq)
A sample of acetylene was collected over water at 23°C, its pressure was adjusted to 738 mm Hg, and its volume was measured as 523 mL. The vapour pressure of water at 23°C is 21 mm Hg. What mass of acetylene was collected?

pacet = ptotal - pwater
= 738 mm Hg – 21 mm Hg = 717 mm Hg

Thus, moles acetylene prepared = n = pV/RT = 
[image: image17.wmf]moles

0203

.

0

K

)

273

23

(

mol

K

atm

L

082

.

0

L

523

.

0

atm

)

760

/

717

(

1

1

=

+

´

-

-


And the mass of acetylene = 0.0203 moles x 26 g/mol = 0.53 g
(b) A 1.98 L vessel contains 215 g CO2(g) at 26°C. Calculate the pressure predicted by the ideal gas law.

nCO2 = 215 g / 44 g/mol = 4.89 mol
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(c) Calculate the pressure predicted by the van der Waals equation for the CO2(g) in part (b). For CO2(g), 

a = 3.59 atm L2 mol-2 and b = 0.0427 L mol-1. Why is this pressure lower than the one predicted by the ideal gas law?

[image: image19.wmf]atm

2

.

46

9

.

21

7

.

67

)

L

98

.

1

(

mol)

(4.89

mol

 

L

 

atm

 

3.59

)

mol

L

0427

.

0

mol

89

.

4

L

98

.

1

(

K

299

mol

K

atm

L

082

.

0

mol

89

.

4

V

n

a

nb

V

nRT

p

2

2

2

-

2

1

1

1

2

2

=

-

=

-

´

-

´

´

=

-

-

=

-

-

-


The calculated pressure is lower because the van der Waals equation takes into account the intermolecular interactions.

7. A chemist studying the properties of fuels placed 1.50 g of a hydrocarbon fuel in a bomb calorimeter and filled the bomb with oxygen gas. The bomb was immersed in 2.50 L of water. When the reaction was initiated, the temperature of the water (and the calorimeter) rose from 20.00 to 23.55°C. If the heat capacity of the calorimeter was 403 J °C-1 and the specific heat capacity of water is 4.18 J °C-1 mL-1, calculate the heat of combustion of the fuel in J g-1. 
The total heat released by the combustion is absorbed by the calorimeter plus the water in the calorimeter.
Thus, heat = q = CcalorimeterΔT + CwaterΔT

= CcalorimeterΔT + Cwater, specific mwater ΔT

= (403 J °C x 3.55°C) + (4.18 J °C-1 mL-1 x 2,500 mL x 3.55°C)

= 38,530 J

The heat of combustion is therefore 38,530 J / 1.50 g = 25,690 J g-1
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