Problem Set Chapter 4


1. Suppose you have discovered two new elements -- Quackine (Q) and Tweetine (T). You find they undergo a reaction with methane identical to free radical chain monohalogenation. Assuming the mechanisms are also identical, write the elementary steps for the reaction of Q2 or T2 with CH4. (Let X = Q or T). Use proper curved arrow formalism to represent the bonding changes taking place. Include the termination steps










         X  =   Q          T
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ΔH1 =        +79        +56
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ΔH2a =          -15         +4
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 ΔH2b =          -3           -24
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ΔHT = 
       -18           -20
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a) Given the following homolytic bond dissociation energies (in Kcal/mol), calculate the enthalpy of reaction (ΔH) for the first three steps in the mechanism. Place the values of ΔH in the spaces provided on the problem above. Show all work.

Q—Q   79 
CH3—Q   82 

H—Q   119 

CH3—H  104
T—T    56 
CH3—T   80 

H—T   100

ΔH1 = BDE(X-X); ΔH2a = BDE(C-H) - BDE(H-X); ΔH2b = BDE(X-X) - BDE(C-X)

For Q : 



For T :

ΔH2a = 104 - 119 = -15 kcal/mol 
ΔH2a = 104 - 100 = +4 kcal/mol

ΔH2b = 79 - 82 = -3 kcal/mol 

ΔH2b = 56 - 80 = -24 kcal/mol

b) Which of the two "halogens" would exhibit a more exothermic overall reaction with methane?

Give the value of ΔH for that "halogen".

For Q : ΔHT = -15 + (-3) = -18 kcal/mol 

For T : ΔHT = +4 + (-24) = -20 kcal/mol











(more negative)

T more Exothermic ; ΔH = -20 kcal/mol
c) What is the rate-determining step (RDS) in the reaction of Q2 with CH4? Explain.



For Q: ΔH2b >ΔH2a (less negative; less Exothermic)

STEP 2b 

ΔH2b (; TSE (; EA (; Rate (



Step 2b slower than step 2a therefore RDS
d) What is the rate-determining step (RDS) in the reaction of T2 with CH4? Explain.




For T: ΔH2a > ΔH2b (more positive; more Endothermic)
STEP 2a 

ΔH2a (; TSE (; EA (; Rate (



Step 2a slower than step 2b therefore RDS
e) Which propagation step with which element would be expected to have the highest energy of activation? Explain




ΔH2a w/ T has the most Endothermic (positive) value (+4 kcal/mol)

STEP 2a w/ T 
of all propagation steps




ΔH2a (; TSE (; EA ( therefore EA highest
f) Which of the two "halogens" exhibits a greater reactivity (i.e. undergoes a faster reaction) towards methane? Explain.





Exothermic Rxn; -ΔH; R-Like TS
STEP 2b w/ T
ΔH2b w/ T has the most Exothermic (negative) value (-24 kcal/mol) of all 



steps




Most Exothermic = Most Reactant-Like

g) Which of the two "halogens" exhibits a greater reactivity (i.e. undergoes a faster reaction) towards methane? Explain.




RDS for Q = Step 2b; ΔH2b = -3 kcal/mol Z More Exothermic

Q more Reactive 
RDS for T = Step 2a; ΔH2a = +4 kcal/mol




ΔH2b (; TSE (; EA (; Rate ( for Q therefore Q faster overall reaction
h) Draw a reaction-energy profile for the rate-determining step (RDS) in the reaction of T2 with CH4. Label the reactants, products, enthalpy (ΔH), energy of activation (EA) and the transition state (TS).
RDS = Step 2a; For T ( +ΔHo (Endothermic)
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i) Draw an accurate structural depiction of the transition state for the rate-determining step (RDS) in the reaction of Q2 with CH4.




RDS = Step 2b; For Q ( -ΔH (Exothermic)
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TS = R-Like

j) Which of the two "halogens" would be expected to produce a greater percentage of n-propyl "halide" isomer upon reaction with propane? Explain.



CH3CH2CH2-X (1o H’s)

Q2 more reactive; less selective



- chooses more numerous 1o H’s (6 H’s)
2. You have discovered yet another new element, Kitcarsine, Kc. It also undergoes normal monohalogenation reactions as shown below.
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From the yields shown, calculate the relative reactivities of primary, secondary and tertiary hydrogens (1o: 2o: 3o H) towards Kc2. Show all work.

First reaction

1o H (20% = 1.6%/H = 1       3o H = 80% = 40% = 24

            12 H     1.6                              2 H       1.6

Second reaction

1o H (20% = 3.3%/H = 1       2o H = 80% = 20% = 6

            6 H     3.3                               4 H       3.3

Relative Reactivities: 1o: 2o: 3o = 1: 6: 24
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