
Name                                                        Test 1 (10/4) 
CHEM 0211 (Adv Inorganic) Fall 2010 
 
1. (8 pts. ea.) Draw Lewis structures for the following molecules.  

a. PCl5  
 
 
 
 
 
 
 
 

b. Cl2SO2 

 
2. a. (8 pts. ea.) Draw resonance structures for the following Lewis structure. 

    b. (6 pts. ea.) Rank the structures from lower (1) to higher (2, 3, etc) energy. 

  
N N O

 

  

 
3. (8 pts. ea.) Determine the three-dimensional shapes of the following molecules and 

explain your choice (lone pairs not on the central atom have been omitted for clarity). 
a. 
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4. a. (6 pts.) An electron has the quantum numbers n = 5, l = 2, ml = 0, ms = –1/2. Is this an allowed 
state? If so, what is the orbital designation for this electron? If it is not, explain why it isn’t. 

 
 
 

b. (6 pts.) An electron has the quantum numbers n = 2, l = 3, ml = -1, ms = +1/2. Is this an 
allowed state? If so, what is the orbital designation for this electron? If it is not, explain why it 
isn’t. 

 
 
 

 
1. _______ 
 
 
2. _______ 
 
 
3. _______ 
 
 
4. _______ 
 
 
5. _______ 
 
 
6. _______ 
 
 
7. _______ 
 
 
8. _______ 
 
 
9. _______ 
 
 
10. ______ 
 



5. (10 pts.) Briefly describe how elements are formed from hydrogen and helium. You do not need 
to explain how all the elements are formed, highlights about how some of the elements are 
formed is sufficient; nevertheless, you’ll want to make certain that some of the elements are 
lighter elements and some are heavier elements. 

 
 
 
 
 
 
 
 
 
6. a. (10 pts.) Even though fluorine has more protons, neutrons and electrons than Li, it is smaller 

than Li. Explain this observation. 
 
 
 
 
 
 
 
 
 
  b. (10 pts.) In general, as one moves from left to right across a period, it becomes more difficult to 

remove and electron from an atom. However, it is easier to remove and electron from an oxygen 
atom than it is to remove an electron from a nitrogen atom. Explain this observation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
7. (10 pts.) Describe the traits that Mendeleev’s table and the current periodic table have in 

common. Describe how they differ. (Please don’t tell me that Mendeleev’s table had fewer 
elements on it, unless of course, you are describing how the appearance of the table has 
changed, thanks.) 

 
 
 
 
 
 
 
 
 



8. (8 pts.) For the C3v point group determine the irreducible representation for the following 
reducible representation (Γ). 

C3v E 2 C3 3 σv 
A1 1 1 1 
A2 1 1 -1 
E 2 -1 0 
Γ 5 2 -1 

 
9. a. (4 pts. ea.) Determine the point groups of the following molecules. 

b. (2 pts. ea.) Label the chiral molecules (character tables are attached to the back of this exam). 

i. 
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ii. 

 

C C C

Cl

HCl

H

 
two views of the same molecule 
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iii. Cl
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10. (10 pts.) Predict the number of Xe=O stretching bands if XeO4 has the following structure. 

O
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O

O

O

3DKekulé  

a. Point group? 
 
 
b. Reducible representation? 
 
 
c. Irreducible representation? 
 
 
d. Number of IR bands from 

Xe=O stretching? 
 



Mendeleev’s Table 

 
http://en.wikipedia.org/wiki/File:Mendelejevs_periodiska_system_1871.png 
 
 

Slater’s Rules for Determining Effective Nuclear Charge 

Zeff = Z - S 

Where Zeff = effective nuclear charge, Z = nuclear charge, and S = shielding constant 
 
1. list orbitals by n and l 
 (1s) (2s,2p) (3s,3p) (3d) (4s, 4p) (4d) (4f) (5s, 5p) (5d) (etc) 
2. electrons in groups to the right do not shield electrons to their left 
3. S can be determined for ns and np electrons 
 a. each electron in the same group contributes 0.35 to the value of S for other electrons in 

the same group 
  exception, 1s electron contributes 0.30 
 b. each electron in n - 1 groups contribute 0.85 to S 
 c. each electron in n - 2 groups contribute 1.00 to S 
4. for nd and nf  
 a. each electron in the same group contributes 0.35 to the value of S (same as 3a) 
 b. each electron in a group to the left contributes  1.00 to S 
 

 
C2 E C2   
A 1 1 Rx, Ry, Rz x2, y2, z2, xy 
B 1 -1 x, y, z xz, yz 

 
C2h E C2 i σh   
Ag 1 1 1 1 Rz x2, y2, z2, xy 
Bg 1 -1 1 -1 Rx, Ry xz, yz 
Au 1 1 -1 -1 z  
Bu 1 -1 -1 1 x, y  

 



 
C2v E C2 σv(xz) σv(yz)   
A1 1 1 1 1 z x2, y2, z2 
A2 1 1 -1 -1 Rz xy 
B1 1 -1 1 -1 x, Ry xz 
B2 1 -1 -1 1 y, Rx yz 

 
C3v E 2 C3 3 σv   
A1 1 1 1 z x2 + y2, z2  
A2 1 1 -1 Rz  
E 2 -1 0 (x, y), (Rx, Ry) (x2 – y2, xy), (xz, yz) 

 
C4v E 2 C4 C2 2 σv 2 σd   
A1 1 1 1 1 1 z x2 + y2, z2  
A2 1 1 1 -1 -1 Rz  
B1 1 -1 1 1 -1  x2 – y2  
B2 1 -1 1 -1 1  xy 
E 2 0 -2 0 0 (x, y), (Rx, Ry) (xz, yz) 

 
Td E 8 C3 3 C2 6 S4 6 σd   
A1 1 1 1 1 1  x2 + y2 + z2  
A2 1 1 1 -1 -1   
E 2 -1 2 0 0  2z2 – x2 – y2, x2 – y2  
T1 3 0 -1 1 -1 (Rx, Ry, Rz)  
T2 3 0 -1 -1 1 (x, y, z)  (xy, xz, yz) 

 
D2h E C2(z) C2(y) C2(x) i  σh(xy) σd(xz) σd(yz)   
Ag  1 1 1 1 1 1 1 1  x2, y2, z2  
B1g  1 1 -1 -1 1 1 -1 -1 Rz xy 
B2g  1 -1 1 -1 1 -1 1 -1 Ry  xz 
B3g  1 -1 -1 1 1 -1 -1 1 Rx  yz 
Au 1 1 1 1 -1 -1 -1 -1   
B1u 1 1 -1 -1 -1 -1 1 1 z  
B2u 1 -1 1 -1 -1 1 -1 1 y  
B3u 1 -1 -1 1 -1 1 1 -1 x  

 
S4 E C2 σv(xz) σv(yz)   
A 1 1 1 1 z x2, y2, z2 
B 1 1 -1 -1 Rz xy 

1 i -1 -i E 
1 - -1 i 

(x, y) (Rx, Ry) (xz, yz) 

 
number of irreducible representations of a given type needed = 1/order Σclasses[(# operations in class)(χ 
of the irreducible representation)(χ of the reducible representation)] 
 


