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You have 80 minutes to complete this exam.   

Please read the questions carefully. 

There some useful data and a periodic table on the last 2 pages of the exam. 

 

Please write legibly and show your work to receive credit for your answers. 
Partial marks may in some cases be awarded for partially correct work. 
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1.   (10 points)  Determine the point group for each of the following molecules/shapes.  

 

   A.     B.      C.     
 

 

 

 

 

 

 

 

Point Group: A.____D2h_____  B.___D3h_______  C.___C2v______ 

 

 

 

 

D.     E.   F.  SF5Cl 

 

 

 

 

 

 

 

 

 

Point Group: D.___D2h_____ E.___C2v_____         F. ___C4v____   

    

 

G.       H.    NO3
-
     I.    H3O

+
 

 

 

 

 

 

 

 

Point Group: G. ___C2v____ H. __D3h___      I. ____C3v_____ 

 

 

 

J.    PO4
3-
  

 

 

Point Group: J. ___Td____ 
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2. (6 points; ½ point per blank) Determine the irreducible representations (i.e. set of 

characters) corresponding to the py, the dxy, and the dz
2
 orbitals on the central atom of a 

molecule in the D2 point group.  Please write your answers in the character table below. 

(It is not necessary to show your derivations.  You may use the back of one of the exam 

pages for your scratch work.)  It is not necessary to determine the symmetry labels.   

D2 E C2(z) C2(y) C2(x)  

 1 1 1 1 z2 

 1 1 -1 -1 Xy 

 1 -1 1 -1 Y 

 

 

(1 points; no partial marks) Which of the irreducible representations above also 

corresponds to an s orbital on the central atom? 

D2 E C2(z) C2(y) C2(x)  

 1 1 1 1  

 

 

 

3. (3 points; ½ point per blank) In the left column of the character tables below, write the 

symmetry labels corresponding to each of the irreducible representations.   

 

D6h E 2C6 2C3 C2 3C2‘ 3C2” i 2S3 2S6 σh 3σd 3σv 

A1g 1  1  1  1  1  1  1  1  1  1  1  1 

A1u 1  1  1  1  1  1 -1 -1 -1 -1  -1 -1 

B1u 1 -1  1 -1  1 -1 -1  1 -1  1 -1  1 

 

 

 

C4v E 2C4 C2 2σv 2σd 

A1 1 1 1 1 1 

B2 1 -1 1 -1 1 

E 2 0 -2 0 0 
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4. (3 points) The molecule 1,2-di(o-tolyl)ethyne has C2h symmetry. List all of 

the symmetry operations for this molecule.  

  

 

 

Answer: E, C2, σσσσh,  i (1 for E, 1 for C2 and σh, 1 for i) 

 

5.  (4 points; no partial marks)  

(a) Which of the following diatomics has the highest bond order? Which has the lowest bond 

order? 

 

CN
-
, CO

-
, NO, O2, O2

2-
 

 

Answer:  

Molecule number of valence electrons 

CN
- 

10 

CO
- 

11 

NO 11 

O2 12 

O2-
2- 

14 

Regardless of the level of secondary orbital mixing, CN
-
 will have the highest bond order.  

Regardless of the level of secondary orbital mixing, O2
2-
 will have the lowest bond order.  

 

Highest bond order: ____________________ 

 

 

Lowest bond order:  ____________________ 

 

 

 

 

(b) Which of the species in part (a) should be diamagnetic.   

 

Answer 

CN
-
, O2

2- 



 5 

6. In some cases, compounds of Group 18 can be isolated or observed. The diatomic cation, 

KrO
+
 was reported in Chem. Phys. Lett. 1997, 278, 202.  We will examine the molecular 

orbitals of KrO
+
. 

(a) (9 points) Using only the valence s and p-orbitals and neglecting secondary orbital 

mixing, propose a molecular orbital energy diagram for KrO
+
. 

Atomic Orbital Energies  

 2s (eV) 2p(eV)   4s (eV) 4p (eV) 

O -32.4 -15.9  Kr -27.5 -14.3 

Include the following in your diagram: 

(i) Energy axis  

(ii) Atomic orbitals at the appropriate energies (include a sketch of each orbital) (2) 

(iii) Molecular orbitals at the appropriate energies (include a sketch of each orbital) (4) 

(iv) Labels for all atomic orbitals (e.g. 2s, 3p, etc...) (1) 

(v) Labels for all molecular orbitals (e.g. σ
*
, σg, πu, etc...) (1) 

(vi) Electrons in appropriate orbitals (1) 

 

 

 

 

 

O

Kr
-32.4 eV

-27.5 eV

-15.9 eV

-14.3 eV

4s

4p

2p

2s

σσσσ∗∗∗∗

ππππ∗∗∗∗

σσσσ∗∗∗∗

σσσσ

σσσσ

ππππ

E
n

e
rg

y

6+8-1 = 13 electrons
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(b) (1 point) Predict the bond order in KrO
+
 

 

Bond order =   1.5   

 

 

 

(c) (1 points) Identify the Highest Occupied Molecular Orbital (HOMO).  Toward which atom 

would the HOMO be polarized and why?  

 

 

Answer 

The highest occupied MO are the π
* 
pair that are occupied by 3 electrons.  

These MO’s should be polarized toward the Kr center.  

 

 

 

 

7. (2 points) For the molecule BeF2, the following is a valid group orbital (SALC). Following 

the procedures from lecture and with the orientation shown in figure, assign the symmetry labels 

for these orbitals. 

 

 

 

Label:   B3u  

 

 

 

 

Label:   B2g  

 

 

 

Be

Be

x
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7. (10 points) In this problem you will prepare and analyze the MO diagram of a proposed linear 

HFH
+ 
cation. NOTE: Please use the back of the page for your rough work. Neatness of the 

diagram will be important for receiving full marks. 

(a) Sketch the group orbitals that you will use in this diagram. (1) 

(b) Sketch the MO energy diagram and put in the appropriate number of electrons.  

Make sure to include sketches of each molecular orbital and label them. (4+1+3) 

(c) How does the bond order change on going from linear HFH
+
 to linear HFH

-
? Explain 

your answer. (1) 

 

Orbital energies 

H 1s -13.6 eV 

F 2s -46.4 eV 

F 2p -18.7 eV 

 

Adding 2 electrons will add to the non-bonding orbital and not change the bond order.  

 

 

Ha Hb

Ha Hb

-46.4 eV

-13.6 eV

Ha Hb

Ha Hb

Ha Hb

F
HFH+

H H

-18.7 eV

ag

ag

b1u

b1u

b2u

b3u

n.b.

n.b.

n.b.

σ

σ
∗
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Oh E 8C3 6C2 6C4 3C4
2
 i 6S4 8S6 3σh 6σd  

A1g 1  1  1  1  1  1  1  1  1  1 x2+y2+z2 

A2g 1  1 -1 -1  1  1 -1  1  1 -1  

Eg 2 -1  0  0  2  2  0 -1  2  0 (2z2-x2-y2, x2-y2) 

T1g 3  0 -1  1 -1  3  1  0 -1 -1 (Rx, Ry, Rz) 

T2g 3  0  1 -1 -1  3 -1  0 -1  1 (xz, yz, xy) 

A1u 1  1  1  1  1 -1 -1 -1 -1 -1  

A2u 1  1 -1 -1  1 -1  1 -1  -1  1  

Eu 2 -1  0  0  2 -2 0  1 -2  0  

T1u 3  0 -1  1 -1 -3 -1  0 1  1 (x, y, z) 

T2u 3  0  1 -1 -1 -3  1  0 1 -1  

 

 

D2h E C2(z) C2(y) C2(x) i σ(xy) σ(xz) σ(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 
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