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Homolytic Cleavage: Bonding Electrons Separate

The bond breaks in such a way that the two bonding electrons divide equally between the
two participating atoms or fragments. This process is called homolytic cleavage or bond
homolysis.

The separation of the two bonding electrons is denoted by two single-barbed or “fishhook”
arrows that point from the bond to each of the atoms.

The fragments that form have an unpaired electron (H., Cl., .CH3, and CH3CH2
.). When

these species are composed of more than one atom, they are called radicals.

Because of the unpaired electron, radicals and free atoms are very reactive and usually
cannot be isolated.
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In Section 1-2 we explained how bonds are formed and that energy is released on bond 
formation. For example, bringing two hydrogen atoms into bonding distance produces 
104 kcal mol21 (435 kJ mol21) of heat (refer to Figures 1-1 and 1-12).

 Bond making
H ? 1 H ? uuuuy HOH  DH 8 5 2104 kcal mol21 (2435 kJ mol21)

 Released heat: exothermic

Consequently, breaking such a bond requires heat—in fact, the same amount of heat that 
was released when the bond was made. This energy is called bond-dissociation energy, DH8, 
and is a quantitative measure of the bond strength.

 Bond breaking
HOH uuuuy H ? 1 H ?  DH 8 5 DH 8 5 104 kcal mol21 (435 kJ mol21)

 Consumed heat: endothermic

Radicals are formed by homolytic cleavage
In our example, the bond breaks in such a way that the two bonding electrons divide equally 
between the two participating atoms or fragments. This process is called homolytic cleavage 
or bond homolysis. The separation of the two bonding electrons is denoted by two single-
barbed or “" shhook” arrows that point from the bond to each of the atoms.
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The fragments that form have an unpaired electron, for example, H ?, Cl ?, CH3?, and 
CH3CH2?. When these species are composed of more than one atom, they are called radicals. 
Because of the unpaired electron, radicals and free atoms are very reactive and usually 
cannot be isolated. However, radicals and free atoms are present in low concentration as 
unobserved intermediates in many reactions, such as the production of polymers (Chapter 12) 
and the oxidation of fats that leads to the spoilage of perishable foods (Chapter 22).

In Section 2-2 we introduced an alternative way of breaking a bond, in which the entire 
bonding electron pair is donated to one of the atoms. This process is heterolytic cleavage 
and results in the formation of ions.
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Homolytic cleavage may be observed in nonpolar solvents or even in the gas phase. In 
contrast, heterolytic cleavage normally occurs in polar solvents, which are capable of sta-
bilizing ions. Heterolytic cleavage is also restricted to situations where the electronegativies 
of atoms A and B and the groups attached to them stabilize positive and negative charges, 
respectively.

Dissociation energies, DH8, refer only to homolytic cleavages. They have characteristic 
values for the various bonds that can be formed between the elements. Table 3-1 lists disso-
ciation energies of some common bonds. The larger the value for DH8, the stronger the cor-
responding bond. Note the relatively strong bonds to hydrogen, as in H–F and H–OH. However, 
even though these bonds have high DH8 values, they readily undergo heterolytic cleavage in 
water to H1 and F2 or HO2; do not confuse homolytic with heterolytic processes.

A normal, double-barbed 
curved arrow  shows the 
movement of a pair of 
electrons.
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Homolytic cleavage may be observed in nonpolar solvents or even in the gas phase. In 
contrast, heterolytic cleavage normally occurs in polar solvents, which are capable of sta-
bilizing ions. Heterolytic cleavage is also restricted to situations where the electronegativies 
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ciation energies of some common bonds. The larger the value for DH8, the stronger the cor-
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Heterolytic Cleavage: Bonding Electrons Move as Pair

An alternative way of breaking a bond, in which the entire bonding electron pair is donated
to one of the atoms. This process is heterolytic cleavage and results in the formation of
ions.

Homolytic cleavage may be observed in nonpolar solvents or even in the gas phase.

In contrast, heterolytic cleavage normally occurs in polar solvents, which are capable of
stabilizing ions.

Heterolytic cleavage is also restricted to situations where the electronegativies of atoms A
and B and the groups attached to them stabilize positive and negative charges,
respectively.
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Homolytic breaking of a bond requires heat—in fact, the same amount of heat that was
released when the bond was made.

This energy is called bond-dissociation energy, DHo, and is a quantitative measure of
the bond strength.
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values for the various bonds that can be formed between the elements.

The larger the value for DHo, the stronger the corresponding bond.
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Bonds are strongest when made by overlapping orbitals that are closely matched in energy
and size.

For example, the strength of the bonds between hydrogen and the halogens decreases in
the order F > Cl > Br > I, because the p orbital of the halogen contributing to the bonding
becomes larger and more diffuse along the series.

Thus, the efficiency of its overlap with the relatively small 1s orbital on hydrogen
diminishes.

A similar trend holds for bonding between the halogens and carbon.

993 - 1  S t r e n g t h  o f  A l k a n e  B o n d s :  R a d i c a l s C H A P T E R  3

Bonds are strongest when made by overlapping orbitals that are closely matched in 
energy and size (Section 1-7). For example, the strength of the bonds between hydrogen 
and the halogens decreases in the order F . Cl . Br . I, because the p orbital of the 
halogen contributing to the bonding becomes larger and more diffuse along the series. Thus, 
the ef! ciency of its overlap with the relatively small 1s orbital on hydrogen diminishes. A 
similar trend holds for bonding between the halogens and carbon.

Increasing size of the halogen

CH3 – F  CH3 – Cl  CH3 – Br  CH3 – I

 DH8 5 110 85 70 57 kcal mol21

Decreasing bond strength

Table 3-1 Bond-Dissociation Energies of Various A – B Bonds in the Gas Phase [DH8 in kcal mol21 (kJ mol21)]

 B in A – B

A in A – B  – H  – F   – Cl  – Br  – I  – OH  – NH2

HO 104 (435) 136 (569) 103 (431) 87 (364) 71 (297) 119 (498) 108 (452)
CH3O 105 (439) 110 (460)  85 (356) 70 (293) 57 (238)  93 (389)  84 (352)
CH3CH2O 101 (423) 111 (464)  84 (352) 70 (293) 56 (234)  94 (393)  85 (356)
CH3CH2CH2O 101 (423) 110 (460)  85 (356) 70 (293) 56 (234)  92 (385)  84 (352)
(CH3)2CHO  98.5 (412) 111 (464)  84 (352) 71 (297) 56 (234)  96 (402)  86 (360)
(CH3)3CO  96.5 (404) 110 (460)  85 (356) 71 (297) 55 (230)  96 (402)  85 (356)

Note: (a) DH 8 5 DH 8 for the process A – B n A . 1 . B. (b) These numbers are being revised continually because of improved methods for their 
measurement. (c) The trends observed for A – H bonds are signi! cantly altered for polar A – B bonds because of dipolar contributions to DH 8.

Solved Exercise 3-1 Working with the Concepts: Understanding Bond 
Strengths

Compare the bond-dissociation energies of CH3–F, CH3–OH, and CH3–NH2. Why do the bonds 
get weaker along this series even though the orbitals participating in overlap become better matched 
in size and energy?

Strategy
What factors contribute to the strength of a bond? As mentioned above, the sizes and energies 
of the orbitals are very important. However, coulombic contributions may enhance covalent 
bond strength. Let’s look at each factor separately to see if one outweighs the other in these 
three bonds.

Solution
• The better the match in size and energy of orbitals between two atoms in a bond, the better the

bonding overlap will be (note Figure 1-2). However, the decrease in orbital size in the series C, 
N, O, F is slight, and therefore the overlap changes by only a very small amount going from C–F 
to C–O to C–N.

• In the progression from N to O to F, nuclear charge increases, giving rise to stronger attraction
between the nucleus and the electrons. The increasing electronegativity in this series con! rms this 
effect (Table 1-2). As the electronegativity of the element attached to carbon increases, so does 
its attraction for the shared electron pair in the covalent bond. Thus the polarity and the charge 
separation in the bond both increase, giving rise to a partial positive charge (!1) on carbon and a 
partial negative charge (!2) on the more electronegative atom.

• Coulombic attraction between these opposite charges supplements the bonding resulting from
covalent overlap and makes the bond stronger. In this series of bonds, increasing coulombic attrac-
tion outweighs decreasing overlap going from N to O to F, giving the observed result.
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The stability of radicals determines the C–H bond strengths

The bond energies generally decrease with the progression from methane to primary,
secondary, and tertiary carbon.
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The stability of radicals determines the C–H bond strengths
How strong are the C–H and C–C bonds in alkanes? The bond-dissociation energies of 
various alkane bonds are given in Table 3-2. Note that bond energies generally decrease 
with the progression from methane to primary, secondary, and tertiary carbon. For example, 
the C–H bond in methane is strong and has a high DH8 value of 105 kcal mol21. In ethane, 
this bond energy is less: DH8 5 101 kcal mol21. The latter number is typical for primary 
C–H bonds, as can be seen for the bond in propane. The secondary C–H bond is even 
weaker, with a DH8 of 98.5 kcal mol21, and a tertiary carbon atom bound to hydrogen has 
a DH8 of only 96.5 kcal mol21.

C – H Bond Strength in Alkanes

CH3 – H . Rprimary – H . Rsecondary – H . Rtertiary – H

 DH8 5 105 101 98.5 96.5 kcal mol21

Decreasing bond strength

A similar trend is seen for C–C bonds (Table 3-2). The extremes are the bonds in 
H3C–CH3 (DH8 5 90 kcal mol21) and (CH3)3C–CH3 (DH8 5 87 kcal mol21).

Why do all of these dissociations exhibit different DH8 values? The radicals formed 
have different energies. For reasons we will address in the next section, radical stability 
increases along the series from primary to secondary to tertiary; consequently, the energy 
required to create them decreases.

Radical Stabilities

Increasing stability

?CH3 , ?Rprimary , ?Rsecondary , ?Rtertiary

Decreasing DH8 of alkane R – H

Exercise 3-2 Try It Yourself

In the series C–C (in ethane, H3C–CH3), N–N (in hydrazine, H2N–NH2), O–O (in hydrogen 
peroxide, HO–OH), the bonds decrease in strength from 90 to 60 to 50 kcal mol21. Explain. 
(Hint: Lone pairs on adjacent atoms repel each other.)

Table 3-2 Bond-Dissociation Energies for Some Alkanes

 DH8  DH 8
Compound [kcal mol21 (kJ mol21)] Compound [kcal mol21 (kJ mol21)]

CH3O, H 105 (439) CH3O, CH3 90 (377)
C2H5O, H 101 (423) C2H5O, CH3 89 (372)
C3H7O, H 101 (423) C2H5O, C2H5 88 (368)
(CH3)2CHCH2O, H 101 (423) (CH3)2CHO, CH3 88 (368)
(CH3)2CHO, H  98.5 (412) (CH3)3CO, CH3 87 (364)
(CH3)3CO, H  96.5 (404) (CH3)2CHO, CH(CH3)2 85.5 (358)
  (CH3)3CO, C(CH3)3 78.5 (328)
Note: See footnote for Table 3-1.
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weaker, with a DH8 of 98.5 kcal mol21, and a tertiary carbon atom bound to hydrogen has 
a DH8 of only 96.5 kcal mol21.

C – H Bond Strength in Alkanes

CH3 – H . Rprimary – H . Rsecondary – H . Rtertiary – H

 DH8 5 105 101 98.5 96.5 kcal mol21

Decreasing bond strength

A similar trend is seen for C–C bonds (Table 3-2). The extremes are the bonds in 
H3C–CH3 (DH8 5 90 kcal mol21) and (CH3)3C–CH3 (DH8 5 87 kcal mol21).

Why do all of these dissociations exhibit different DH8 values? The radicals formed 
have different energies. For reasons we will address in the next section, radical stability 
increases along the series from primary to secondary to tertiary; consequently, the energy 
required to create them decreases.

Radical Stabilities

Increasing stability

?CH3 , ?Rprimary , ?Rsecondary , ?Rtertiary

Decreasing DH8 of alkane R – H

Exercise 3-2 Try It Yourself

In the series C–C (in ethane, H3C–CH3), N–N (in hydrazine, H2N–NH2), O–O (in hydrogen 
peroxide, HO–OH), the bonds decrease in strength from 90 to 60 to 50 kcal mol21. Explain. 
(Hint: Lone pairs on adjacent atoms repel each other.)

Table 3-2 Bond-Dissociation Energies for Some Alkanes

 DH8  DH 8
Compound [kcal mol21 (kJ mol21)] Compound [kcal mol21 (kJ mol21)]

CH3O, H 105 (439) CH3O, CH3 90 (377)
C2H5O, H 101 (423) C2H5O, CH3 89 (372)
C3H7O, H 101 (423) C2H5O, C2H5 88 (368)
(CH3)2CHCH2O, H 101 (423) (CH3)2CHO, CH3 88 (368)
(CH3)2CHO, H  98.5 (412) (CH3)3CO, CH3 87 (364)
(CH3)3CO, H  96.5 (404) (CH3)2CHO, CH(CH3)2 85.5 (358)
  (CH3)3CO, C(CH3)3 78.5 (328)
Note: See footnote for Table 3-1.
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A similar trend is seen for C–C bonds.

The radical stability increases along the series from primary to secondary to tertiary;
consequently, the energy required to create them decreases.

100 R e a c t i o n s  o f  A l k a n e sC H A P T E R  3

The stability of radicals determines the C–H bond strengths
How strong are the C–H and C–C bonds in alkanes? The bond-dissociation energies of 
various alkane bonds are given in Table 3-2. Note that bond energies generally decrease 
with the progression from methane to primary, secondary, and tertiary carbon. For example, 
the C–H bond in methane is strong and has a high DH8 value of 105 kcal mol21. In ethane, 
this bond energy is less: DH8 5 101 kcal mol21. The latter number is typical for primary 
C–H bonds, as can be seen for the bond in propane. The secondary C–H bond is even 
weaker, with a DH8 of 98.5 kcal mol21, and a tertiary carbon atom bound to hydrogen has 
a DH8 of only 96.5 kcal mol21.

C – H Bond Strength in Alkanes

CH3 – H . Rprimary – H . Rsecondary – H . Rtertiary – H

 DH8 5 105 101 98.5 96.5 kcal mol21

Decreasing bond strength

A similar trend is seen for C–C bonds (Table 3-2). The extremes are the bonds in 
H3C–CH3 (DH8 5 90 kcal mol21) and (CH3)3C–CH3 (DH8 5 87 kcal mol21).

Why do all of these dissociations exhibit different DH8 values? The radicals formed 
have different energies. For reasons we will address in the next section, radical stability 
increases along the series from primary to secondary to tertiary; consequently, the energy 
required to create them decreases.

Radical Stabilities

Increasing stability

?CH3 , ?Rprimary , ?Rsecondary , ?Rtertiary

Decreasing DH8 of alkane R – H

Exercise 3-2 Try It Yourself

In the series C–C (in ethane, H3C–CH3), N–N (in hydrazine, H2N–NH2), O–O (in hydrogen 
peroxide, HO–OH), the bonds decrease in strength from 90 to 60 to 50 kcal mol21. Explain. 
(Hint: Lone pairs on adjacent atoms repel each other.)

Table 3-2 Bond-Dissociation Energies for Some Alkanes

 DH8  DH 8
Compound [kcal mol21 (kJ mol21)] Compound [kcal mol21 (kJ mol21)]

CH3O, H 105 (439) CH3O, CH3 90 (377)
C2H5O, H 101 (423) C2H5O, CH3 89 (372)
C3H7O, H 101 (423) C2H5O, C2H5 88 (368)
(CH3)2CHCH2O, H 101 (423) (CH3)2CHO, CH3 88 (368)
(CH3)2CHO, H  98.5 (412) (CH3)3CO, CH3 87 (364)
(CH3)3CO, H  96.5 (404) (CH3)2CHO, CH(CH3)2 85.5 (358)
  (CH3)3CO, C(CH3)3 78.5 (328)
Note: See footnote for Table 3-1.
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Figure 3-1 illustrates this ! nding in an energy diagram. We start (at the bottom) with 
an alkane containing primary, secondary, and tertiary C–H bonds. Primary bond dissociation 
is endothermic by DH8 5 101 kcal mol21, that is, we are going up in energy by this amount 
to reach the primary radical. Secondary radical formation costs less, 98.5 kcal mol21. Thus, 
the secondary radical is more stable than the primary by 2.5 kcal mol21. To form the tertiary 
radical requires even less, 96.5 kcal mol21, and this radical is more stable than its  secondary 
analog by 2.0 kcal mol21 (or its primary analog by 4.5 kcal mol21).

101 kcal mol!1

98.5 kcal mol!1

96.5 kcal mol!1

2.0 kcal mol!1 (8.4 kJ mol!1)

2.5 kcal mol!1 (10.5 kJ mol!1)

H

CH2CH2CHR2

H

CH3CHCHR2 CH2CR2

H

CH3

"Hj

E

Primary
C H bond

Primary radical

Secondary

Secondary radical

Tertiary

Tertiary radical

"Hj CH2CH2CHR2o

"Hj CH3CHCHR2o

CH3CH CR2 2o

C H bond C H bond

Figure 3-1 The different ener-
gies needed to form radicals from
an alkane CH3CH2CHR2. Radical 
stability increases from primary to 
secondary to tertiary. 

In Summary Bond homolysis in alkanes yields radicals and free atoms. The heat required to 
do so is called the bond-dissociation energy, DH8. Its value is characteristic only for the bond 
between the two participating elements. Bond breaking that results in tertiary radicals demands 
less energy than that furnishing secondary radicals; in turn, secondary radicals are formed more 
readily than primary radicals. The methyl radical is the most dif! cult to obtain in this way.

Exercise 3-3

Which C–C bond would break ! rst, the bond in ethane or that in 2,2-dimethylpropane?

What is the reason for the ordering in stability of alkyl radicals? To answer this question, 
we need to inspect the alkyl radical structure more closely. Consider the structure of the 
methyl radical, formed by removal of a hydrogen atom from methane. Spectroscopic mea-
surements have shown that the methyl radical, and probably other alkyl radicals, adopts a 
nearly planar con! guration, best described by sp2 hybridization (Figure 3-2). The unpaired 
electron occupies the remaining p orbital perpendicular to the molecular plane.

3-2 STRUCTURE OF ALKYL RADICALS: HYPERCONJUGATION

Nearly planar

H

Csp3—H1s

Csp2—H1s

Csp3—H1s p

H
H H

H

H

H

H−

C
C Figure 3-2 The hybridization 

change upon formation of a 
methyl radical from methane. The 
nearly planar arrangement is 
 reminiscent of the hybridization 
in BH3 (Figure 1-17).
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STRUCTURE OF ALKYL RADICALS: HYPERCONJUGATION 

What is the reason for the ordering in stability of alkyl radicals?

The methyl radical, and probably other alkyl radicals, adopts a nearly planar configuration,
best described by sp2 hybridization.

The unpaired electron occupies the remaining p orbital perpendicular to the molecular
plane.
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Figure 3-1 illustrates this ! nding in an energy diagram. We start (at the bottom) with 
an alkane containing primary, secondary, and tertiary C–H bonds. Primary bond dissociation 
is endothermic by DH8 5 101 kcal mol21, that is, we are going up in energy by this amount 
to reach the primary radical. Secondary radical formation costs less, 98.5 kcal mol21. Thus, 
the secondary radical is more stable than the primary by 2.5 kcal mol21. To form the tertiary 
radical requires even less, 96.5 kcal mol21, and this radical is more stable than its  secondary 
analog by 2.0 kcal mol21 (or its primary analog by 4.5 kcal mol21).
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In Summary Bond homolysis in alkanes yields radicals and free atoms. The heat required to 
do so is called the bond-dissociation energy, DH8. Its value is characteristic only for the bond 
between the two participating elements. Bond breaking that results in tertiary radicals demands 
less energy than that furnishing secondary radicals; in turn, secondary radicals are formed more 
readily than primary radicals. The methyl radical is the most dif! cult to obtain in this way.

Exercise 3-3

Which C–C bond would break ! rst, the bond in ethane or that in 2,2-dimethylpropane?

What is the reason for the ordering in stability of alkyl radicals? To answer this question, 
we need to inspect the alkyl radical structure more closely. Consider the structure of the 
methyl radical, formed by removal of a hydrogen atom from methane. Spectroscopic mea-
surements have shown that the methyl radical, and probably other alkyl radicals, adopts a 
nearly planar con! guration, best described by sp2 hybridization (Figure 3-2). The unpaired 
electron occupies the remaining p orbital perpendicular to the molecular plane.
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The planar structures of alkyl radicals help explain their relative stabilities.
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There is a conformer in the ethyl radical in which a C–H bond of the CH3 group is aligned
with and overlaps one of the lobes of the singly occupied p orbital on the radical center.

This arrangement allows the bonding pair of electrons in the 𝜎 orbital to delocalize into the
partly empty p lobe, a phenomenon called hyperconjugation.

The interaction between a filled orbital and a singly occupied orbital has a net stabilizing
effect. Both hyperconjugation and resonance are forms of electron delocalization.

They are distinguished by type of orbital: Resonance normally refers to 𝜋-type overlap of p
orbitals, whereas hyperconjugation incorporates overlap with the orbitals of 𝜎 bonds.

Radicals are stabilized by hyperconjugation.

102 R e a c t i o n s  o f  A l k a n e sC H A P T E R  3

Let us see how the planar structures of alkyl radicals help explain their relative sta-
bilities. Figure 3-3A shows that there is a conformer in the ethyl radical in which a C–H 
bond of the CH3 group is aligned with and overlaps one of the lobes of the singly occupied 
p orbital on the radical center. This arrangement allows the bonding pair of electrons in the 
! orbital to delocalize into the partly empty p lobe, a phenomenon called hyperconjugation.
The interaction between a ! lled orbital and a singly occupied orbital has a net stabilizing 
effect (recall Exercise 1-14). Both hyperconjugation and resonance (Section 1-5) are forms 
of electron delocalization. They are distinguished by type of orbital: Resonance normally 
refers to "-type overlap of p orbitals, whereas hyperconjugation incorporates overlap with 
the orbitals of ! bonds. Radicals are stabilized by hyperconjugation.

What if we replace the remaining hydrogens on the radical carbon with alkyl groups? Each 
additional alkyl group increases the hyperconjugation interactions further (Figure 3-3B). The 
order of stability of the radicals is a consequence of this effect. Notice in Figure 3-1 that the 
degree of stabilization arising from each hyperconjugative interaction is relatively small 
[2.0–2.5 kcal mol21 (8.4–10.5 kJ mol21)]: We shall see later that stabilization of radicals by 
resonance is considerably greater (Chapter 14). Another contribution to the relative stability 
of secondary and tertiary radicals is the greater relief of steric crowding between the substitu-
ent groups as the geometry changes from tetrahedral in the alkane to planar in the radical.

Even a cursory glance at the bond-dissociation energies between carbon and the more 
electronegative atoms in Table 3-1 suggests that hyperconjugation and radical stabilities 
alone do not provide a complete picture. For example, bonds between carbon and any of 
the halogens all display essentially identical DH8 regardless of the type of carbon. Several 
interpretations have been proposed to explain these observations. Polar effects are likely 
involved (as mentioned in the table footnote). In addition, the longer bonds between carbon 
and large atoms reduce the steric repulsion between atoms around that carbon, diminishing 
its in" uence on bond-dissociation energies.

1-Methylethyl radical
(Isopropyl)

1, 1-Dimethylethyl radical
(tert-Butyl)

Ethyl radical

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

CH2CH3 CH3 CH3CH CH3 CH3

CH3

C

A B

C C C C C C

H2C H2C

H2C

Figure 3-3 Hyperconjugation 
(green dashed lines) resulting 
from the donation of electrons 
in ! lled sp3 hybrids to the 
partly ! lled p  orbital in (A) ethyl 
and (B) 1-methylethyl and 
1,1-dimethylethyl  radicals. The 
 resulting delocalization of electron 
density has a net stabilizing effect.

Model Building

Alkanes are produced naturally by the slow decomposition of animal and vegetable matter 
in the presence of water but in the absence of oxygen, a process lasting millions of years. 
The smaller alkanes—methane, ethane, propane, and butane—are present in natural gas, 
methane being by far its major component. Many liquid and solid alkanes are obtained from 
crude petroleum, but distillation alone does not meet the enormous demand for the lower-
molecular-weight hydrocarbons needed for gasoline, kerosene, and other hydrocarbon-based 
fuels. Additional heating is required to break up longer-chain petroleum components into 
smaller molecules. How does this occur? Let us ! rst look into the effect of strong heating 
on simple alkanes and then move on to petroleum.

3-3 CONVERSION OF PETROLEUM: PYROLYSIS
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Each additional alkyl group increases the hyperconjugation interactions further. The order of
stability of the radicals is a consequence of this effect.

The degree of stabilization arising from each hyperconjugative interaction is smaller than the
stabilization of radicals by resonance

The relative stability of secondary and tertiary radicals is the greater relief of steric crowding
between the substituent groups as the geometry changes from tetrahedral in the alkane to
planar in the radical.

The longer bonds between carbon and large atoms reduce the steric repulsion between
atoms around that carbon, diminishing its influence on bond-dissociation energies.


