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ABSTRACT: We present a computational study focusing on the
determination of accurate bond dissociation energies (BDEs) involved
in the combustion of biodiesel methyl esters. We have adapted our
previously developed efficient error-cancellation protocols, based on
the systematic “connectivity-based hierarchy” (CBH), to derive
accurate BDEs of biodiesel molecules at a modest computational
cost. Using DFT energies on the full biodiesel molecule in
conjunction with accurate G4 energies on the small fragments
involved in the CBH reaction schemes, systematic errors in the DFT
methods can be cancelled efficiently. Herein, we apply our G4-
corrected ΔCBH-2 and ΔCBH-3 schemes in conjunction with several
popular DFT methods to determine accurate bond dissociation
energies of different C−C, C−H, and C−O bonds in biodiesel
surrogate molecules. We first evaluate the performance of different DFT methods using a test set of 21 reactions involving
various bond dissociations in small to medium biodiesel surrogates (up to methyl decanoate, a C10-methyl ester) by calibration
against accurate values calculated with multireference methods (MRACPF2), reported by Carter and co-workers. The CBH-2
corrections for all tested dispersion-corrected functionals yield mean absolute deviations (MADs) in a narrow range of 1.3−1.5
kcal/mol, the best performance being obtained for B97-D3 and ωB97X-D functionals (MAD = 1.3 kcal/mol). Further,
significant improvement yielding a MAD of only 0.9 kcal/mol is obtained using the G4-corrected CBH-3 scheme. Finally, the
protocol has been applied to derive accurate BDEs of eight different bonds in the larger biodiesel molecule, methyl linolenate,
yielding a MAD of only 1.13 kcal/mol using the ΔCBH-3 error correction scheme. The results suggest that our protocol in
conjunction with different DFT methods should be broadly applicable to yield accurate BDEs for a variety of large biodiesel
molecules.

1. INTRODUCTION
Biodiesel, a clean, affordable, and renewable energy resource, is
being increasingly harnessed as an alternative fuel for diesel
engines.1−3 The steady increase in the percentage of biodiesel
content in automobile fuel and its recent introduction in
aviation have steeply enhanced its demands.4 The chemical
composition of biodiesel is an inherent mixture of methyl
esters of long, unsaturated fatty acids, such as oleic acid or
linolenic acid, typically contain 16−18 carbon atoms with one
to three CC double bonds in the hydrocarbon chain. A
complete study of the intrinsic thermodynamic parameters
controlling the different bond strengths is a crucial factor in the
search of more efficient biofuels.5−10

Combustion of esters, even the modest-sized ones, involves
multiple reaction pathways, generating numerous intermedi-
ates and products. Experimental isolation of all the elementary
reaction products among the many different pyrolytic pathways
of biofuel combustion is a herculean task11 and often provides
results with large uncertainties.12,13 As an alternative, computa-
tional modeling of combustion has become the go-to approach
to obtain accurate thermochemical and kinetic parameters.14,15

The recent surge in computational studies16−21 deriving and
analyzing thermochemical properties of biodiesel esters
demonstrates the active nature of the field.
Among the different combustion properties of biodiesel,

bond dissociation enthalpies (BDEs) are the most significant
and play a key role in the associated reaction mechanisms. In
particular, comparison of the BDEs of the different chemical
bonds provide insight into the preferred bond breakage
processes to produce relatively more stable radicals.22,23

Thus, the knowledge of thermochemical properties of different
radical reactions including hydrogen abstraction, addition of
radicals to double bonds, and homolytic cleavage is pertinent
in the assessment of the stability of the various radical
intermediates. The calculated BDEs of the different underlying
elementary reactions provide an assessment of the ease of
breakage of different bonds leading to the prediction of feasible
end products in the combustion process.
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While calculations for BDEs of all different C−C, C−O, and
C−H bonds in small esters are widely prevalent in the
literature,24−28 studies on larger biodiesel esters have been
limited. The steep scaling of accurate quantum chemical
methods, such as the “gold-standard” CCSD(T),29 coupled
with the need to examine multiple elementary combustion
pathways of biodiesel esters have restricted many of these
studies to smaller surrogate systems30,31 such as methyl
butanoate (C3H7COOCH3).

32,33 Nevertheless, two groups
have recently carried out significant studies on both small and
large methyl esters. Carter and co-workers38,39 applied a
multireference averaged coupled-pair functional method34

(MRACPF) and an improved MRACPF2 model35 to compute
BDEs of the different bonds in C1−C4 methyl esters acting as
surrogates of biodiesel esters.36,37 The calculated values were
found to be in good agreement with multireference singles and
doubles configuration interaction (MRSDCI) results. A local
reduced-scaling variant developed by Carter and co-work-
ers38,39 was then applied on C10 and C18 esters to derive their
thermochemical properties.18 In general, the calculated BDEs
were largely consistent with those obtained from the earlier
calculations on ester surrogates.36 In a later study, Li et al.19

evaluated the performance of over 50 DFT methods with
respect to MRACPF2 results and with CCSD(T)/CBS
energies obtained for some of the smaller systems. While the
results varied widely across the different density functionals,
some recommended functionals such as M08-HX performed
very well and were subsequently used to study the BDEs in the
larger methyl linolenate (C19H32O2). However, the study
shows that even the best functionals such as M08-HX, which
worked very well for C−H and C−C bond dissociations, had
significant deviations for some C−O bond dissociations.
As an alternative to brute force calculations, systematic error

cancellation schemes can be highly effective for deriving
accurate thermochemical properties of large organic molecules
using computationally inexpensive methods such as density
functional theory (DFT).40,41 We have developed a broadly
applicable structure-based thermochemical scheme called
connectivity-based hierarchy (CBH) to derive accurate
enthalpies of formation of large organic molecules containing

a variety of heteroatoms and functional groups.42 Subsequent
applications on amino acids and other biomolecules were
performed to derive heats of formation with DFT methods that
were consistent with the highly accurate G4 composite
method.43,44 The method was extended to open-shell organic
systems to derive thermochemical properties of organic radical
species.45 The hierarchy consists of error cancellation schemes
using fragment molecules capturing the local environment of
the system of interest. As we ascend up the rungs of the
hierarchy, a larger chemical environment of the system of
interest is preserved to obtain greater error cancellation. In
particular, reaction schemes at the CBH-2 or CBH-3 rungs are
usually sufficient to derive accurate thermochemical properties
of large organic molecules. The CBH-2 scheme preserves the
immediate chemical bonding environment of all heavy atoms
in the molecule, while CBH-3 preserves the bonding
environments of all the heavy-atom bonds. The hierarchy
was later extended to obtain extrapolated CCSD(T) energies
of large molecules46 and to work effectively (with errors <1
kcal/mol) for both open- and closed-shell organic systems.46,47

Very recently, we have developed a systematic protocol
using CBH reaction schemes to derive accurate reaction
enthalpies of complex organic reactions with DFT methods.48

The approach starts with full calculations on the reaction
involving large organic molecules using a given DFT method.
For each rung of CBH-n (n = 1, 2, 3,...), the CBH reaction
schemes are set up for the reactant and the product to identify
the net change in the elementary model reactions. G4 and
DFT calculations are performed on the small fragment
molecules involved in the model reactions to calculate and
correct the systematic DFT error in the large molecule
reactions. We found that the mean absolute deviation of
B3LYP calculated reaction energies significantly reduced from
12.9 to 1.7 kcal/mol using the CBH-2 correction schemes for a
set of 25 organic reactions of significant complexity. More
importantly, we observed a dramatic improvement on the
performances of all density functionals with the use of our
protocol. In particular, the calculated reaction energies with
dispersion-corrected DFT methods had errors well within 1.5
kcal/mol relative to G4 results. Jensen et al.49 have further

Figure 1. ΔCBH-2 and ΔCBH-3 schemes for a representative bond dissociation reaction for methyl butanoate.
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explored the performance of semiempirical and faster ab initio
methods (such as HF-3c and PBEh-3c with minimal basis sets)
in conjunction with our protocol on the same test set of
chemical reactions.
The CBH protocol provides a route to obtain accurate

reaction enthalpies that are relatively insensitive to the
underlying exchange−correlation functional employed. Herein,
we apply the protocol to derive accurate BDEs of various
biodiesel esters. We assess the performance of five different
popular DFT methods, with and without empirical dispersion
corrections, in conjunction with the CBH protocol. The
calibrations are performed by calculating the BDEs of several
C−C, C−H, and C−O bonds in methyl esters and by
comparing them with the MRACPF2 values.18 The protocol is
then applied to derive the bond dissociation energies in a larger
system, methyl linolenate.

2. COMPUTATIONAL DETAILS

2.1. Resultant CBH Schemes. Figure 1 illustrates a
schematic representation of the application of CBH-2 and
CBH-3 error correction schemes to derive accurate BDE of
methyl butanoate.
The reaction energy for the parent reaction is first calculated

with the current DFT method, and the calculated deviation
from the reference energy (e.g., MRACPF2) is denoted as
Dev-0. The CBH-2 schemes are then set up for both reactants
and products to identify the net change in the elementary
model reactions, referred to as resultant CBH-2 (ΔCBH-2)
scheme. Fragment molecules common to both the reactant and
product sides are cancelled in deriving the ΔCBH-2 scheme.
Calculations are then carried out on the resultant reaction with
the current DFT method and an accurate reference method
(e.g., CCSD(T)/CBS or G4 theory as in this work) to
calculate the associated corrections, Corr-2 = ΔCBH-2(G4) −
ΔCBH-2(method). The overall energy deviation after
application of the correction is represented as Dev-2 = Dev-
0 − Corr-2. Similarly, the correction Corr-3 can be obtained
for the CBH-3 reaction scheme, leading to an overall deviation
from MRACPF2, denoted as Dev-3.
The central idea in our scheme is that the error in the

calculated parent reaction energy for a given functional is
principally due to the propagation of the corresponding errors
associated with the bonding changes in the underlying
elementary model reactions representing the ΔCBH-2 scheme.

The errors in the elementary reactions can then be easily
corrected by using an accurate level of theory such as G4. Note
that the G4 calculations are only needed for the small CBH-2
or CBH-3 fragments that are independent of the size of the
large biodiesel molecule. In addition, since the same fragments
occur in the ΔCBH-2 schemes for many different parent
biodiesel molecules, the G4 energies for repeating fragments
can be obtained from a look-up data table containing the DFT
and G4 energies.

2.2. Computational Methods. All the calculations were
performed using the Gaussian 16 program suite.50 Geometry
optimizations on all the species were carried out at the B3LYP/
6-31G(2df,p) level of theory (as in G4). All optimized
structures were confirmed to be minima, and the harmonic
frequencies were scaled by a factor of 0.9854 in calculating the
zero-point energy and thermal corrections. Single-point
calculations at these optimized geometries were then
performed with a larger 6-311++G(3df,2p) basis set using
five different density functionals such as B3LYP, B97, M06-2X,
ωB97X, and B2PLYP with and without Grimme’s empirical
dispersion corrections.51 For the density functionals such as
B3LYP, B97, M06-2X and B2PLYP, we have used Grimme’s
standard empirical GD3 corrections. For the range-separated
ωB97X functional, we have used the independent ωB97X-D
dispersion correction. Single-point energies were added to the
zero-point and thermal energy corrections to calculate BDEs.
G4 enthalpies for the fragments were used with the ΔCBH-n
reaction schemes to obtain corrected BDEs for all the parent
reactions (see Table S1). All the MRACPF2 results were taken
from ref 18. The coordinates of all the structures are given in
the Supporting Information.

3. RESULTS AND DISCUSSION

To illustrate the performance of our CBH protocol described
above for the calculation of BDEs, we have considered a test
set of five different biodiesel surrogates, as shown in Figure 2.
The test set includes a range of small to large surrogates of
biodiesel esters, for example, 1,4-pentadiene, 3-hexene, methyl
butanoate, methyl decanoate, and trans-4-methyl decanoate.
The reactions considered involve 21 single bonds, which are
composed of 11 C−H bonds, 8 C−C bonds, and 2 C−O
bonds. First, the accuracy of the CBH-2 protocol is tested for
different bond dissociation energies computed with five
different density functionals with and without empirical

Figure 2. Surrogates of biodiesel methyl esters (a) 1,4-pentadiene, (b) 3-hexene, (c) methyl butanoate, (d) methyl decanoate, and (e) trans-4-
methyl decanoate.
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dispersion corrections. The BDEs representing the parent
reactions, R1−R21, as illustrated in Figure 3, are first
calculated by employing the 6-311++G(3df,2p) basis set
using different DFT methods. The resultant reactions are
then derived as described in the Computational Methods
section to determine the CBH-2 corrected BDEs. The BDEs
obtained for each reaction are then compared against the

results of MRACPF2 (multireference averaged coupled-pair
functional) method.18 The next subsection presents the
extension of our CBH protocol to one higher rung to derive
the CBH-3 corrected BDEs.

3.1. DFT versus DFT-D. The bond dissociation reactions
yield open-shell species in the form of organic radicals and
hydrogen atoms. The performance of the different DFT and

Figure 3. Test set of reactions R1−R21 involving various C−C, C−O, and C−H bond dissociations.

Figure 4. Graphical representations of the calculated mean absolute deviations (MADs) in BDEs of all the reactions with and without the inclusion
of the G4 correction (ΔCBH-2 scheme) using (a) DFT and (b) DFT-D methods.
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DFT-D functionals were assessed with and without the
inclusion of the G4 correction. This allows an assessment of
the effect of dispersion-corrected DFT methods and the effect
of G4 corrections. Figure 4 shows a graphical representation
summarizing the mean absolute deviation (MAD) in BDEs
with respect to MRACPF2 values of the 21 reactions shown in
Figure 3.
The blue bars in Figure 4 represent the deviation in BDEs

obtained for DFT methods with and without the inclusion of
dispersion corrections. Overall, there is a small improvement in
the range of 0.1−1.5 kcal/mol from the inclusion of dispersion
corrections to the DFT methods in predicting the BDEs. For
instance, upon inclusion of the dispersion correction (D3) in
B97, the average deviation decreases slightly from 4.7 to 4.5
kcal/mol. A similar trend is observed using ωb97X-D and
B2PLYP-D3, accounting for a reduction of 0.4 and 0.5 kcal/
mol, respectively (see Figure 4). Among the DFT functionals
considered, the most significant improvement is seen in the
case of B3LYP with MAD dropping from 5.7 to 4.2 kcal/mol
upon inclusion of the dispersion correction. Conversely, the
least improvent is seen using M06-2X functional reducing the
deviation from 2.4 to 2.3 kcal/mol upon inclusion of the
dispersion correction. Overall, we recommend using dis-
persion-corrected DFT-D methods for determining bond
dissociation energies for systems such as biodiesel surrogates;
although, the improvement is only expected to be modest.
3.2. ΔCBH-2 Error Correction Scheme. In this section,

we evaluate the performance of different DFT methods upon
incorporation of ΔCBH-2 corrections. It is clearly evident
from Figure 4 that although there is a substantial variation in
the raw performance of different functionals (blue bars),
consistent improvements are observed upon inclusion of G4
corrections using both DFT and DFT-D methods (green bars)
with dramatic improvements in the performance of B3LYP and
B97. For example, the deviation ranges from 2.4 to 5.7 kcal/
mol without using the dispersion corrections (Figure 4a).
However, the spread becomes significantly narrower with G4
corrections and the error ranging between 1.4 and 2.1 kcal/
mol. Among all the different DFT methods with G4
corrections, the meta-hybrid M06-2X produces the smallest
average deviation of 1.4 kcal/mol. As illustrated earlier (vide
supra), after inclusion of dispersion corrections (Figure 4b),
the MAD for the density functionals range from 2.1 to 4.5
kcal/mol. Most importantly, they all improve significantly
upon inclusion of G4 corrections, and the MAD occurs in even
a smaller range of 1.3−1.5 kcal/mol. Among the dispersion-
corrected DFT methods with G4 corrections, the two methods
(B97-D3 and ωB97X-D) gave the lowest MAD of only 1.3
kcal/mol. The MAD of 1.5 kcal/mol corresponds to the
double-hybrid functional (B2PLYP-D3). The Minnesota
functional (M06-2X-D3) and hybrid functional (B3LYP-D3)
produce a MAD of 1.4 kcal/mol. Overall, the error cancellation
strategy in the form of ΔCBH-2 correction term provides more
accurate BDEs that are almost independent of the nature of
underlying exchange−correlation functional. A similar obser-
vation was found in our previous study,48 where almost any
density functional can calculate accurate reaction enthalpies
using the systematic ΔCBH-2 error cancellation scheme.
Finally, comparing the raw performance of most of the

tested density functional methods shows a low deviation for
the nonpolar C−C and C−H bonds, whereas a relatively large
deviation was observed for the polar C−O bonds (see Table
S2, in the Supporting Information). A similar performance

trend was reported by Li et al.19 However, we found that
adding G4 correction on the top of raw BDEs resulted in a
substantial decrease in the deviation, especially for C−O
bonds. Overall, we suggest that such systematic error
corrections provide a better strategy to obtain accurate
BDEs, in strong contrast to the search for the “best functional”
for the problem at hand, typically most DFT studies in the
literature.

3.3. ΔCBH-3 Error Correction Scheme. The last part of
this section analyzes the deviations obtained for the individual
reactions (R1−R21) using ωB97X-D, one of the best
performing functionals. Although, inclusion of ΔCBH-2
corrections on ωB97X-D resulted in an accurate deviation of
1.3 kcal/mol, 3 out of 21 reactions yield deviations >2.5 kcal/
mol (see Table 1, boldface). Among these three reactions with

large errors, two (R3 and R7) involve C−H bond
dissociations, while the other (R11) involves a C−C bond
dissociation at the β position to CO. In the case of R3, the
C−H bond dissociation generates a secondary radical center
that participates in a more extended conjugation, resulting in a
ΔCBH-2 deviation of 2.8 kcal/mol. Here, the ΔCBH-2
corrections derived from the model reaction is not sufficient
to preserve the local environment of the radical product.
However, incorporation of corrections from one higher rung
(ΔCBH-3) decreases the deviation by 1.7 kcal/mol, as shown
in Table 1. Similarly in R7, upon scission of the terminal C−H
bond, the singly occupied the carbon 2pπ orbital, which most
likely undergoes hyperconjugation with the adjacent 2pπ
oxygen lone pair, resulting in a π-resonance-stabilized primary
fragment.37 An improvement of 1.8 kcal/mol is observed upon
going from CBH-2 to CBH-3. In addition, R11 involves
dissociation of the C−C bond at the β position to CO,
which generates a primary radical participating in an extended

Table 1. Deviation Obtained for BDEs of All the Reactions
(R1−R21) Calculated Using Best Performing DFT Methods
(ωB97X-D) without and with G4 Corrections (ΔCBH-2
and ΔCBH-3)

reactions without G4 CBH-2 CBH-3

R1 2.0 1.2 1.3
R2 3.7 2.1 1.6
R3 3.6 2.8 1.1
R4 0.5 0.4 0.3
R5 2.8 2.0 1.9
R6 4.0 1.9 1.7
R7 3.0 2.8 1.0
R8 0.7 0.2 0.4
R9 2.8 1.6 0.4
R10 3.2 2.1 1.0
R11 3.0 2.9 2.0
R12 0.4 0.4 0.2
R13 0.7 0.1 0.1
R14 2.4 1.8 1.6
R15 0.5 0.5 0.1
R16 3.9 1.6 1.3
R17 3.1 0.7 1.0
R18 0.7 0.1 0.1
R19 1.0 0.4 1.3
R20 2.4 1.9 0.2
R21 0.8 0.2 0.3
average deviation 2.15 1.32 0.91
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conjugation with CO. Consequently using CBH-2, this
results in a large deviation of 2.9 kcal/mol. However, a
noticeable reduction is observed using the ΔCBH-3 scheme,
yielding a deviation of 2.0 kcal/mol. Overall, some of the larger
deviations obtained using CBH-2 corresponds to an
inadequate treatment of delocalized states, which is a well-
known deficiency in DFT.52,53 But using the CBH-3 reaction
scheme, a larger balance in the chemical environment is
achieved, reducing the average deviation to only 0.9 kcal/mol
for all reaction test sets.
3.4. Bond Dissociation Energies in the Larger

Biodiesel Molecule, Methyl Linolenate. Finally, we apply
CBH to determine BDEs of several bonds in a C18 methyl
ester (methyl linolenate), an important constituent of
biodiesel, to demonstrate the applicability of our method for
larger systems. Methyl linolenate comprises an unsaturated
methyl ester with three CC bonds and an ester group. The
present section focuses on the performance of both ΔCBH-2
and ΔCBH-3 schemes to determine the BDEs in the all cis-
conformer of methyl linolenate (cis for all three CC double
bonds), as shown in Figure 5. In general, direct calculations
with chemical accurate methods such as G4 on large systems,
for examples, methyl linolenate are computationally expensive.
Thus, the BDEs are more commonly estimated from individual
BDEs of the fragments or small molecules based on the local
structure of the parent molecule. However, our standard
protocol is easily applicable for such larger molecules. This is
due to the fact that only DFT calculations have to be
performed on the full molecule, while the more expensive G4

calculations are only needed for the small fragment molecules
involved in the CBH reaction schemes. Additionally, the
ΔCBH-2 or ΔCBH-3 schemes for analogous bond dissociation
of different methyl esters are similar, and hence, many of the
G4 energies can be obtained from a look-up table containing
stored data on the repeating systems. Table 2 shows the lists of
the MAD in BDEs of eight different bonds in methyl linolenate
calculated with ΔCBH-2 and ΔCBH-3 corrections using
ωB97X-D, one of the best performing functionals seen in our
benchmarking BDEs for smaller biodiesel surrogates seen
earlier.
The calculated BDEs of eight different bonds, represented as

reactions Rx1−Rx8, are compared with the MRACPF2 results
reported by Carter and co-workers.38,39 The BDEs of methyl
linolenate reported by them were computed by combining the
dissociation energies of smaller surrogates, for example, methyl
butanoate, 1,4-pentadiene, 3-hexene, and 1-pentene.18 The
MAD obtained for both CBH-2 and CBH-3 schemes are
within our target accuracy of 2 kcal/mol. ΔCBH-2 produces an
average MAD of 1.84 kcal/mol. Nevertheless, a smaller average
deviation of 1.14 kcal/mol is obtained using the ΔCBH-3
protocol. Among all the reactions, the largest deviation is
observed for Rx5, that is, 3.0 kcal/mol using ΔCBH-2
corrections, and a smaller deviation of 2.1 kcal/mol is observed
with the ΔCBH-3 protocol. This reaction corresponds to the
cleavage of C11−H37 bond. For the same dissociation, Li et
al.19 have observed a relatively larger average deviation of ∼4.5
kcal/mol using nine different DFT methods. Such a large
deviation might be due to a larger structural difference between

Figure 5. Methyl linolenate as large biodiesel component.

Table 2. Deviations in BDEs of Methyl Linolenate Calculated Using ωB97X-D Including ΔCBH-2 and ΔCBH-3 Corrections
with Respect to MRACPF2 Calculated BDEs from Ref 18

The Journal of Physical Chemistry A Article

DOI: 10.1021/acs.jpca.9b01478
J. Phys. Chem. A 2019, 123, 3543−3550

3548



methyl linolenate and the smaller surrogate (1-pentene) that
was used as the reference BDE. Our error cancellation strategy
performs relatively better, producing a smaller deviation of 2.1
kcal/mol. Significant improvements in the deviations are
observed for most of the reactions upon going from CBH-2 to
CBH-3. Overall, based on the performances of different rungs,
we recommend CBH-3 as a cost-effective route to obtain
accurate BDEs of different bonds in large organic systems such
as biodiesel components.

4. CONCLUSIONS
In this study, we have benchmarked BDEs of 21 reactions
involving smaller- to medium-sized biodiesel surrogate
molecules. The results obtained have been compared with
the accurate energies from the MRACPF2 method, computed
previously by Carter and co-workers.38,39 The ΔCBH-2
corrections require DFT calculations on the full molecule,
but G4 calculations are required only on the modest-sized
fragments. Thus, after application of the ΔCBH corrections,
G4 quality results are obtained at essentially the DFT cost for
larger molecules. For the test set of 21 bond dissociation
reactions, the performance of five different popular density
functionals are assessed with or without the empirical
dispersion corrections. The dispersion corrections improve
the results slightly (0.1−1.5 kcal/mol). The G4 corrections
improve the performance dramatically for all DFT functionals.
The MAD for the five dispersion-corrected functionals occurs
in a narrow range of 1.3−1.5 kcal/mol. Among the different
functionals, B97-D3 and ωB97X-D show the best performance
(MAD = 1.3 kcal/mol). Further improvements are obtained
using the ΔCBH-3 corrections, yielding a MAD within 1 kcal/
mol (0.91 kcal/mol for ωB97X-D). Finally, we have applied
our CBH scheme to a larger biofuel component, methyl
linolenate. For a set of eight different dissociation reactions
studied in methyl linolenate, the calculated ωB97X-D BDEs
with ΔCBH-2 and ΔCBH-3 corrections yield a MAD of 1.84
and 1.13 kcal/mol, respectively, relative to the MRACPF2
results. Overall, our cost-effective error cancellation approach
can be used for predicting accurate BDEs of a range of large
biodiesel components.
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