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Student Number:_______________

CHEM 1000 A, V Midterm Test #1

October 15, 2004
Part A. Answer each question with a few sentences or equations where necessary. (5 Marks each)

1.
Why does an atomic light source produce only certain colors of light?

The energy levels of the electrons in an atom are quantized. Thus, so are the differences in energy levels. When an electron falls in energy from one level to another, the difference in energy is converted to a photon. Thus, these photons have quantized energy, ie they have only certain colors.
2.
Write the complete ground state electronic configuration (ie 1s22s2 etc.) for a Molybdenum (Mo) atom as predicted by AUFBAU. The actual electronic configuration is different. What do you think it might be and why?

AUFBAU predicts 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d3.


However, note that the outer most electrons are 5s2 4d3. The 4d subshell is therefore 3/10ths filled. The atom can release energy by moving an electron from the 5s to the 4d subshell, resulting in the configuration …..5s1 4d4, ie the 5s orbital is now half-filled, which is more stable.
3.
What is wrong with the Lewis structure shown below for the chlorate ion, ClO3( ?
            
[image: image1]
This ion should have 7 + (3 x 6) + 1 = 26 electrons. The structure shown has only 24 valence electrons.
4.
Which of CO2 or Na2O is more covalent? How do you know?

C is closer to O on the periodic table than Na is to O. The difference in electronegativity between Ca nd O is therefore smaller, and so CO2 is more covalent.
5. 
Explain how the ionization potential changes going from top to bottom of a group, and why.


The ionization potential decreases going from top to bottom in a group, since the valence electrons (the ones leaving the atom during ionization) are farther from the nucleus and have more electrons screening them from the nucleus. They therefore have a smaller interaction potential with the nucleus, and less energy is therefore needed to remove them.
6.
Why is the H-O-H bond angle in H2O less than the H-N-H angle in NH3?
There are two lone pairs on the O atom in the water molecule, but only one on the N atom in NH3. Two lone pairs repel the bonding pairs more than one lone pair does, resulting in a smaller bond angle.

 Part B. Answer any two questions. If you answer all three, the best two answers will count. 

(20 marks each)

B1.
Use VSEPR theory to predict the shapes of the following four species. Wrong name of shape = zero marks!

(a) AsCl5

Valence electrons = 5 + (5 x 7) = 40

Using single bonds to connect the central As to the terminal Cl atoms uses 10 electrons. Completing the octets around the five Cl atoms uses another 30, for a total of 40. The molecule is therefore of the form AX5, and must be trigonal bipyramidal
(b) KrF4
Valence electrons = 8 + (4 x 7) = 36


Using single bonds to connect the central Kr to the terminal F atoms uses 8 electrons. Completing the octets around the four F Cl atoms uses another 24, for a total of 32. There are therefore another two lone pairs on the Kr atom. The molecule is therefore of the form AX4E2, and must be square planar.
(c) SO4-2
Valence electrons = 6 + (4 x 6) +2 = 32


Using single bonds to connect the central S to the terminal O atoms uses 8 electrons. Completing the octets around the four O atoms uses another 24, for a total of 24. The molecule is therefore of the form AX4, and must be tetrahedral

(d) BrCl2¯

Valence electrons = 7 + (2 x 7) + 1 = 22


Using single bonds to connect the central Br to the terminal Cl atoms uses 4 electrons. Completing the octets around the two Cl atoms uses another 12, for a total of 16. There are therefore another three lone pairs on the Br atom. The molecule is therefore of the form AX2E3, and must be linear.
B2.
(a) An electron in a hydrogen atom is in its ground state (m = 1). Use the Balmer-Rydberg equation to calculate the wavelength of light (in nm) required to remove this electron from the atom. The Balmer Rydberg constant is 0.01097 nm-1
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Here, m = 1. Since the electron is being removed from the atom, n = (. Thus,
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(b) The bond energy of Cl2 molecules is 330 kJ mol-1. Calculate the maximum wavelength of light able to dissociate a Cl2 molecule.

330 kJ mol-1 = 330,000 J mol-1
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B3.  Given the unbalanced reaction Ba(s) + H2O(l) → Ba+2(aq) + OH¯(aq) + H2(g),
[5]
(a) Balance the reaction


Ba(s) + 2 H2O(l) → Ba+2(aq) + 2 OH¯(aq) + H2(g)
[8]
(b) Calculate the mass (in g) of hydrogen gas produced by reacting 10.0 g of Ba(s) with and excess of water.


[image: image5.wmf]22

2(g)

2

1molH2.02gH

1molBa

10.0gBa0.147gH

137.3gBa1molBa1molH

´´´=


[7]
(c) Calculate the mass of water required to react with an excess of Ba(s) to produce 20.0 g OH¯(aq)
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