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1. Consider the illustration below showing the overlap of two s orbitals resulting in a 
molecular orbital. Which of the following statements below are true? 
 

 
 

 
 
 

 
A. The orbital is a s molecular orbital 
B. The orbital is a s* molecular orbital 
C. The orbital is a p molecular orbital 
D. The orbital is a p* molecular orbital 
E. None of the above are true 
 
 
2. Consider the illustration below showing the overlap of two p orbitals resulting in a 
molecular orbital. Which of the following statements below are true? 
 

 
 

 
 
 

 
A. The orbital is a s molecular orbital 
B. The orbital is a s* molecular orbital 
C. The orbital is a p molecular orbital 
D. The orbital is a p* molecular orbital 
E. None of the above are true  
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Draw MO diagrams for the ions C22−, F22+, F22− and answer questions 3-8 starting on the 
next page. The area below has been left blank to draw your diagrams if needed. 
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3. What is the bond order for each of these ions? Answer with an integer or a decimal to
two decimal places (e.g. 2, 0.75).

I. C22−

II. F22+  

III. F22−  

4. Which of the following ions is unstable?

A. C22−

B. F22+

C. F22−

D. All of the above are stable

5. Which of the following ions would become less stable if an electron is added? Select
any that apply and answer using capital letters with no spaces (e.g. ABCDE).

A. C22−

B. F22+

C. F22−

D. None of the above
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6. Which of the following ions is/are predicted to be diamagnetic?

A. C22−

B. F22+

C. F22−

D. More than one of the above
E. None of the above

7. What is the highest occupied molecular orbital (HOMO) in the C22− ion?

A. σ2s
B. σ*2s
C. σ2p
D. σ*2p
E. π2p
F. π*2p

8. What is the lowest unoccupied molecular orbital (LUMO) in the C22− ion?

A. σ2s
B. σ*2s
C. σ2p
D. σ*2p
E. π2p
F. π*2p
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Draw the Lewis structure for CO. Afterwards, fill in the MO diagram provided below as 
your model for CO, and then answer questions 9-11. 

9. What is the bond order for CO based on its Lewis structure? Answer with an integer
or a decimal to two decimal places (e.g. 2, 0.75).

10. What is the bond order for CO based on its MO diagram? Answer with an integer or
a decimal to two decimal places (e.g. 2, 0.75).
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11. Based on your answers, do the Lewis model and the MO model agree with each
other regarding the bond order for CO?

A. Yes
B. No
C. A conclusion cannot be drawn

A



Answer questions 12-14 using the molecular orbital diagram of an unknown molecule 
given below.  

12. What is the molecule’s bond order? Answer with an integer or fractional number (e.g. 
7 or 4.5).

13. Is this molecule paramagnetic or diamagnetic?

A. Paramagnetic
B. Diamagnetic
C. There is not enough information to determine this

14. Will removing an electron make the molecule more or less stable?

A. More stable
B. Less stable
C. There is not enough information to determine this
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Periodic Table of the Elem
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Formula Sheet 

Length 
1 kilometer = 0.62137 mile 
1 inch = 2.54 centimeters (exactly) 
1 Ångstrom = 1 × 10−10 meter 

Energy 
1 joule = 1 kg·m2/s2 
1 calorie = 4.184 joules 
1 Calorie = 1 kilocalorie = 1000 calories 
1 L·atm = 101.325 joules 

Pressure 
1 pascal = 1 N/m3 = 1 kg/m·s2 
1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 lb/in2  
1 bar = 1 × 105 Pa (exactly) 

Temperature 
0 K = −273.15°C 
K = °C + 273.15 
°C = (5/9)(°F − 32) 

Mass 
1 kg = 2.205 lbs 

Volume 
1 mL = 1 cm3 = 1 cc 

Constants 
c = 2.998 × 108 m/sec 
h = 6.626 × 10−34 J·sec 
R = 0.08206 L·atm/mol·K = 8.314 J/mol·K 
Specific heat of water = 4.184 J/g∙K 
Mass of an electron: 9.109 x 10−31 kg 
Mass of a proton: 1.673 x 10-27 kg 
RH = 2.18 x 10−18 J 
Specific heat of water = 4.184 J/g∙K 
Avogadro's number: 6.022 × 1023 

F = 96485 J/(V∙mol e−) 
Kw = 1.0 × 10−14 at 25 °C 
kb = 1.381 × 10−23 J/K 
 
Equations 
(P + a(n2/V2))·(V − nb) = nRT 
molar mass (M) = mRT/PV 
density (d) = MP/RT 

𝐾𝐾𝐾𝐾 =  
3
2
𝑅𝑅𝑅𝑅 

𝜇𝜇𝑟𝑟𝑟𝑟𝑟𝑟 = �3𝑅𝑅𝑅𝑅
𝑀𝑀

 



𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑅𝑅𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜𝑒𝑒 𝐴𝐴
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∆𝐾𝐾 =  −2.18 × 10−18𝐽𝐽(
1
𝑒𝑒𝑓𝑓2
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Cg = kPg 

Psolution=Psolvent Xsolvent 
Psolution=∑Pj=∑PjXj 
π = MRTi 

Thermodynamic and Electrochemistry 
S = kb × ln(W) 
ΔS = qrev/T  
∆G = ∆G° + RT∙lnQ  
R=8.314 J/mol.K 
∆G° = −RT∙lnK 
∆G= −nFEcell  
E°cell = RT/nF lnK  
E°cell = (0.0257/n) lnK = (0.0592/n) logK  
Ecell = E°cell − (RT/nF) lnQ  
Ecell =E°cell − (0.0257/n) lnQ  
Electrolysis: Q (total charge) = I × t = n × F 

Integrated Rate Laws & half-life 

 

Equilibrium and Acid / Base 
KP = Kc × (RT)Δn  
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