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2011 UNENE CHEMISTRY PRIMER – EXERCISES
Name:  _____________________________________
Lecture 1:  Atoms, Mols, Ions

1. Write down the names and formulae of the common anions of the chalcogens and the halogens (include the common oxyanions).

2. The materials (metals) used in the construction of process systems of nuclear reactors are based on a few elements in the First Transition Series of the Periodic Table. Write down the elements (and symbols) of the First Transition Series and for each indicate the number of protons in the atom.  For uranium, in the actinide series, write down the number of neutrons for the atom of the fissile isotope.

Lecture 2:  Stoichiometry

1.
What is the mass of one molecule of H2O (a) in amu?  (b)  in g?

2.
The atomic weight (mass) of iron is listed as 55.847 while its atomic number is 26.  What do these numbers indicate for the structure of elemental iron?

3.
Iron corrodes in high-temperature de-aerated water to produce gaseous hydrogen and ferrous hydroxide.  Write down the chemical formula for the reaction, and calculate the amounts of the products when 1.3 g of iron corrode completely in 100 g water.

Lecture 3:  Solutions

1.
Slide 38
What are the Oxidation Numbers of . . .

C and O in CO32- . . . .

N and O in NO3- . . . .
Te and Cl in Te Cl3 . . . .
S and F in SF6 . . . .
H and S in H2S . . . .

Fe and O in FeOOH . . . .



Mn and O in MnO4- . . . .


Fe and O in Fe3O4 . . . .
2. 
A solution of LiOH contains 4.6 ppm of Li+.  What is the molar concentration at 25°C?  (atomic weight of Li = 6.9 amu, O  =  16 amu, H  =  1 amu).

3.
Write down the equations for the reaction of phosphoric acid (H3PO4) with sodium hydroxide (NaOH).

Lecture 4:  Thermochemistry:

1.
Calculate the heat of combustion (kJ/mol) of ethyl alcohol using the data below:  

heat of formation (kJ/mole):  



C2H5OH(l)  =  -27.7



CO2(g)  =  -393.5



H2O(l)
=  -285.8

2.
A piece of copper weighing 36 g is heated in a furnace to 150°C then quickly transferred to an insulated copper calorimeter weighting 170 g containing 150 mL of water at 25°C. What is the final temperature attained by the calorimeter and contents as measured with a thermocouple weighing 0.5 g?


(specific heat of Cu  =  386 J/kg-K;


 specific heat of thermocouple  =  270 J/kg-K).

Lecture 5:  Electronic Structure

1.
Write down the electronic structures of the first transition series (e.g.:  O ( 1s2 2s2 2p4):

Lecture 6:  Periodic Properties

1.
From their positions in the Periodic Table, predict what sort of compound (ionic, covalent) is formed between the elements below. Write down the compound formulas.

Cs and F




H and C


Sc and Cl




H and O


Zn and Cl




H and H

Ca and C




Cl and Cl


C and C




K and O

2.
The common elemental gases (except H) tend to be confined to the top right of the Periodic Table.  Why, then, are all of Group 8 (from the top to the bottom) gases (called the noble gases)?

Lecture 7:  Bonding

1.
Write down the Lewis structure for:

H2O 
C2H5OH

C2H2
HCOOH 
HPO42-

2.
How much energy is required to vaporize to a plasma 1 kg of NaCl?

Lecture 8:  Gases

1.
What is the pressure inside a 1-L vessel containing 10 g of hydrogen at 300°C?  

2.
What is the pressure inside a 1-L vessel containing 0.5 g of air at 25°C?  (Assume air  =  20% O2 and 80% N2)

Lecture 9:  Intermolecular Forces

1.
Which has the greater ratio of free volume to volume occupied by atoms - an elemental metal with bcc crystal structure or one with fcc structure?  (Tip:  consider the geometry in the unit-cell pictures).

Lecture 10: Thermodynamics

1. 
Ammonia is commonly produced through the Haber process where nitrogen and hydrogen are reacted over a suitable catalyst.  Given the Hfo and So at 298K calculate the free energy change and the equilibrium constant for this reaction.  If we assume these properties don’t change with temperature, estimate the free energy of reaction and the equilibrium constant at 500oC. Which temperature is more fabourable for the production of ammonia?

[image: image1.jpg]Na(g) + 3 Hy(g) == 2 NHs(g)




	Species
	Hfo298K (kJ/mol)
	So298K (J/mol K)

	N2
	0
	191.5

	H2
	0
	130.6

	NH3
	-92.38
	192.5


Lecture 11:  Solution Properties

1. 
What are the amounts of O2 and N2 dissolved in water in equilibrium with air at atmospheric pressure at 20°C?  (Note:  vapour pressure of water at 20°C  =  0.05 atm.)

Lecture 12: Chemical Kinetics

1.  
The rate of the chemical reaction A + B  (  products may be expressed as:


[image: image2.emf]A
rate of disappearance of A = % =—Kk A|[B]









  

rate of disappearance of A = 

d[A]

dt

=-

k[A][B]


If A and B start with equimolar concentrations of 0.5 mol/L and k = 0.1 L/mol.min, calculate the time required for their concentration to be 0.01 mol/L.

Lecture 13:  Equilibrium

1.
Acetic acid (CH3COOH) and ethanol (C2H5OH) are reacted in a closed 1-L vessel at 25°C to produce ethyl acetate (CH3COOC2H5):  



CH3COOH + C2H5OH ( CH3COOC2H5 + H2O


for which the equilibrium constant is 4.00.  What will be the mass of ethyl acetate in the final mixture if the starting masses of acid and alcohol are 50 g each?

Lecture 14:  Acids and Bases

1.
The ionic product of water, Kw, increases with temperature thus:


T°C  

0
18
25
50
75
100
128
136
218

Kwx 10
14
0.09
0.61
1.0
4.5
16.9
48
114
220
461


Calculate the pH of pure water at each temperature.

2.
The heats of neutralisation of the strong acids by sodium hydroxide are all about the same (~ - 5.73 x 104 J/mole).


Writing the neutralisation reactions for the 7 acids, explain this.

Lecture 15:  Electrochemistry

1. 
Complete and balance this equation by the method of half-reactions:

[image: image3.jpg]CrZO72_(aq) + Cl (aq) — Cr3+(uq) + Cly(9) (acidic solution)




2.  
The silver/silver-chloride electrode is commonly used as a reference electrode in electrochemical measurements.  Write out the redox reaction that occurs on the electrode and calculate the equilibrium potential of a silver rod that has been coated with silver chloride and is immersed in a saturated KCl solution (the saturated concentration of KCl is 2.66 mol/L and the standard potential of the redox reaction is 0.2221 V) 
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