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Part F. Transition States and Activation Energies 
 

1. Vinyl Alcohol to Acetaldehyde. Even though vinyl alcohol (H2C=C(H)OH) is less 

stable than its isomer acetaldehyde (CH3C(H)=O), it can be stored almost indefinitely. 

This suggests that the isomerization reaction is likely to have a sizable activation barrier..  

Use the B3LYP/6-31G* model to obtain equilibrium geometries for acetaldehyde and 

vinyl alcohol. What is the room-temperature Boltzmann ratio of acetaldehyde and vinyl 

alcohol according to this model? Is vinyl alcohol likely to be detectable in an equilibrium 

mixture? Obtain the transition-state geometry for the isomerization and calculate the 

activation energy. Is it large enough that once formed, vinyl alcohol is likely to persist for 

long times? Elaborate.  

2. Dichlorocarbene Addition to Ethylene. Singlet dichlorocarbene adds to ethylene to 

yield 1,1-dichlorocyclopropane. 

CCl2  +  H2C CH2

Cl Cl

 

Obtain an equilibrium geometry for singlet dichlorocarbene using the B3LYP/6-31G* 

model and display an electrostatic potential map. This shows the distribution of charge on 

the accessible surface. Where is the electrophilic site, in the ClCCl plane or out of the 

plane? How would you expect dichlorocarbene to approach ethylene? Does this lead to a 

product with the proper three-dimensional geometry? Elaborate. 

Next, obtain the transition state for the addition. Is the calculated structure consistent with 

the conclusions reached above regarding the electrophilic character of dichlorocarbene? 

Elaborate. 

3. Hydroxycarbene. The energy of singlet hydroxycarbene (HCÖH) is estimated to be 

~220 kJ/mol higher than that of its isomer, formaldehyde. This means that in order for 

hydroxycarbene to be detected, the energy barrier leading to formaldehyde needs to be 

sizable (>100 kJ/mol). Additionally, the barrier to dissociation to hydrogen and carbon 

monoxide molecules also needs to be sizable.  

HCÖH  H2CO 

HCÖH  H2 + CO 

Use the B3LYP/6-311+G** model to calculate equilibrium geometries of all reactants 

and products of the two reactions above. Are the calculations in reasonable accord with 

the estimated difference in energy between the two isomers? Is the barrier to 

isomerization to formaldehyde sufficiently high to permit hydroxycarbene to be detected? 

Is the barrier to dissociation to hydrogen and carbon monoxide sufficiently high to permit 

hydroxycarbene to be detected? 

4. Dimerization of Borane. Borane (BH3) dimerizes to diborane.  

BH3 + BH3  B2H6 
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Is there an activation energy associated with dimerization? To see if there is, first obtain 

the equilibrium geometry of diborane. Use the B3LYP/6-31G* model. Starting from this 

structure, repeat the geometry calculation constraining each of the two bridging hydrogen 

atoms to different boron atoms to maintain a distance of 1.3Ǻ (close to the equilibrium 

value), to 1.4Ǻ, 1.5Ǻ, etc., all the way to 2.5Ǻ. Plot energy vs. (constrained) BH distance. 

Does your plot contain an energy maximum? If it does, obtain the transition state and 

calculate the barrier to activation. 

5. Isomerization of Methyl and Ethyl Isocyanide. The isomerization of methyl 

isocyanide (CH3N
+
≡C

-
) to acetonitrile (CH3C≡N) is one of the most thoroughly examined 

chemical reactions. The process presumably involves migration of CH3 as an intact unit, 

the transition state being a 3-member ring with partial single bonds between the methyl 

group and both nitrogen and carbon. Use the B3LYP/6-31G* model to obtain structures 

for reactant (methyl isocyanide) and transition state, and calculate the activation energy 

for the isomerization. Is your result similar to the value of 159 kJ/mol estimated from 

experimental rate data? Use the same model to calculate the activation energy for the 

analogous reaction of ethyl isocyanide. Assuming that the error is the same as for the 

methyl isocyanide isomerization, what is your best guess for activation energy for 

reaction of ethyl isocyanide? Which reaction appears to be faster? Offer an explanation of 

your result. 

6. Hydroboration of Alkenes vs. Alkynes. Addition of an alkylboranes to a carbon-

carbon double bond (“hydroboration”) followed by oxidation is a common way to 

alcohols, for example, addition of dimethylborane to 2,3-dimethyl-2-butene yields 2,3-

dimethyl-2-butanol.  

Me2BH + Me2C=CMe2 →→ Me2CH-CMe2OH 

The reaction is more general as borane also adds to carbon-carbon triple bonds. Use the 

B3LYP/6-31G* model to obtain structures and energies for reactants and transition states 

for addition of dimethylborane (Me2BH) to both ethylene and acetylene. Which reaction 

has the lower activation energy? Offer an explanation for your result. 

7. Kinetic Isotope Effects and Hydrogen Abstraction. Reaction of chlorine atom with 

d1-dichloromethane can either involve hydrogen abstraction (leading to HCl) or 

deuterium abstraction (leading to DCl). 

C
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hydrogen
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deuterium
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The two reactions follow the same pathway, pass through the same transition state and 

lead to the same products. The only difference is whether a hydrogen or deuterium atom 

is abstracted. This affects the zero-point energies of the transition states and products, and 

leads to kinetic and equilibrium isotope effects, respectively.  
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Obtain equilibrium geometries and infrared spectra for dichloromethyl radical and 

hydrogen chloride using the HF/6-31G* model. Use calculated zero-point energies to 

evaluate the equilibrium isotope effect, that is, the energy of the reaction. 

Cl2CH  +  DCl Cl2CD  +  HCl
••

 

Use the Boltzmann equation to calculate the equilibrium distribution of products at 25°C. 

Obtain the structure of the transition state for hydrogen abstraction from dichloromethane 

by chlorine atom. Again use the HF/6-31G* model. Calculate zero-point energies for the 

two possible monodeuterated transition-states. Use the Boltzmann equation (with 

transition state zero-point energies instead of reaction product zero-point energies) to 

calculate the kinetic distribution of products at 25°C. 
 

Do equilibrium and kinetic isotope effects favor the same product? If they do not, suggest 

conditions that would favor abstraction of hydrogen and conditions that would favor 

abstraction of deuterium. 


