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CHEM 1000 A, V Midterm Test #1

October 23, 2009

Part A. Answer each of the six questions with a few sentences or equations where necessary. 
(5 Marks each)

1.
The valence electrons in a Vanadium (V) atom are 4s23d3. What are the four quantum numbers for each of these five electrons?


One of the 4s electrons: 
n = 4  
       l = 0         ml = 0      ms =  ½ 

The other 4s electron: 

n = 4  
       l = 0         ml = 0      ms =  - ½ (4s spins must be opposites)

One of the 3d electrons:
n = 3  
       l = 2         ml = -2     ms =  ½ 


The second 3d electron:
n = 3  
       l = 2         ml = -1      ms =  ½ (spins of all three 3d electrons 











must be the same)

The third 3d electron:

n = 3  
       l = 2         ml = 0       ms =  ½ 








        (or 1 or 2)
2.
A d-orbital is shown below. An electron in this orbital occupies all lobes. How can the electron get from one lobe to another if the node is a place where the electron cannot exist?

[image: image1.png]




Electrons can behave as waves. Waves have zero amplitude at the nodes.

3.
Name three physical properties of molecules that can be explained using molecular orbital theory.


Any three of bond order, bond length, bond energy, paramagnetism diamagnetism.
4.
Why is the H-C-H bond angle in CH3Cl greater than the ideal tetrahedral angle?

The Cl atom is quite electronegative. Electrons are drawn towards it from the C atom. This increases the distance and decreases the repulsion between them and those in the C-H bond, allowing those in the C-H bonds to move apart slightly.
5. 
Which of CaBr2(s) or CuBr2(s) would you expect to be more soluble in water? Why?

CaBr2(s) is more ionic, hence more soluble in water than CuBr2(s).
6.
In the emission spectrum of hydrogen, why was the Balmer series of lines (those ending at m = 2) discovered first?

The lines are in the visible portion of the spectrum. Balmer could see them without special equipment.

Part B. Answer any two of the following three questions (B1, B2, B3). 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. Only the name of the shape will be marked. Wrong name of shape = zero marks! (5 marks each)
(a) SF4

Electrons = 6 + (4 x 7) = 34. Placing the less electronegative S atom at the centre, and making single bonds to the F atoms uses 8 electrons. Completing the octets on the F atoms uses another 24, leaving a lone pair on the S atom. The shorthand notation is therefore AX4E, which is seesaw.
(b) XeF4
Electrons = 8 + (4 x 7) = 36. Placing the less electronegative Xe atom at the centre, and making single bonds to the F atoms uses 8 electrons. Completing the octets on the F atoms uses another 24, leaving four electrons to be placed as two lone pairs on the Xe atom. The shorthand notation is therefore AX4E2 , which is square planar.

(c) SF5Cl
Electrons = 6 + (5 x 7) + 7 = 48. Placing the less electronegative S atom at the centre, and making single bonds to the F atoms and the Cl atom uses 12 electrons. Completing the octets on the F and Cl atoms uses the other 36. The shorthand notation is therefore AX6 , which is octahedral.


(d) ClBr2¯
Electrons = 7 + (2 x 7) + 1 = 22. Placing the less electronegative Br atom at the centre, and making single bonds to the Cl and the other Br atom uses 4 electrons. Completing the octets on the terminal Br and Cl atoms uses another 12, leaving six electrons to be placed as three lone pairs on the central Br atom. The shorthand notation is therefore AX2E3, which is linear.

B2.
(a) An electron in a hydrogen atom falls from the n = 6 level to the m = 1 level. Calculate the energy of the photons that results (in kJ/mol). (8 marks)
The Balmer Rydberg equation is 1/ = R [1/m2 - 1/n2], where n is the upper level and m is the lower level,  is the wavelength of the light emitted in nm, and R is the Rydberg constant (0.01097 nm-1). The transition starts at n = 6and ends at m=1. Thus, 

1/ = 0.01097 nm-1 [1/12 - 1/62] 
= 0.010665 nm-1
Thus,  = 1/0.010665 nm-1 = 93.8 nm 

E = h= hc/ = 6.63 x 10-34 Js (3.00 x 108 m/s)/(93.8 x 10-9 m) = 2.12 x 10-18 J (per photon) 

x 6.02 x 1023 mol-1  = 1.277 x 106 J/mol = 1277 kJ/mol 


(b) What part of the electromagnetic spectrum are these photons in (UV, Vis, or IR) (4 marks)?

93.8 nm is in the UV portion of the spectrum.
(c) The bond energy of O2 molecules is 498 kJ mol-1. Calculate and state whether or not UV radiation having a wavelength of 275 nm is able to break these bonds. (8 marks)
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This minimum energy (the bond energy) corresponds to a maximum wavelength:
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= 240 nm

Therefore, 275 nm radiation could not break the bond in O2.
B3.  The molecular orbital (MO) diagram for the fluorine (F2) molecule is shown below. Use it to answer the following questions.
(a) (2 marks) Calculate the bond order of F2.
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(b) (5 marks) Calculate and state whether or not each of F2- and F2-2 would exist.

For F2-, the extra electron must occupy the 
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 MO, so the bond order is 
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. Since the bond order is greater than zero, F2- could exist.
For F2-2, the extra two electrons must occupy the 
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. Since the bond order is zero, F2-2 could not exist.


(c) (2 marks) The bond length in F2+ would be (circle one):   LONGER      SHORTER     than in F2.

(d) (2 marks) The bond energy in F2+ would be (circle one):   LARGER      SMALLER     than in F2.


(e) (2 marks) F2 is (circle one)  DIAMAGNETIC        PARAMAGNETIC


(f) (2 marks) F2+ is (circle one)  DIAMAGNETIC        PARAMAGNETIC

(g) (5 marks) In the MO diagram of F2, why is there only one σ2p MO, but two π2p MOs?

The 2p orbitals must overlap to make the and π2p. Once a 2p orbital from each F-atom has overlapped to make the σ2p MO, this leaves the other 2p orbitals parallel to one another. These can only overlap sideways, thus forming the two π2p MOs.
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