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Abstract. Gas phase heats of formation (HOF) of 18 kinds of 390 
organic compounds were calculated by quantum chemical calculation 
using semi-empirical PM3, PDDG and PM6 methods. The calculated 
HOFs were compared with the experimental data to illustrate the ac-
curacy for different kinds of organics. Furthermore, the calculated 
values were linearly fitted with experimental values using the least 
square method, and were afterward substituted into the fitted regres-
sion equations to obtain the calibrated ones. The results show that, for 
10 kinds of the selected organics, PM6 is more accurate, and PDDG 
is more accurate for 7 kinds of organics, while PM3 is only good for 
amino acid. As a whole, PM6 predicts the HOFs more accurately, with 
its weighted total mean average deviation (WTMAD) being 0.4 kJ/mol 
and 2.4 kJ/mol smaller than those of PM3 and PDDG, respectively. On 
the other hand, our results show that PDDG is the best to differentiate 
the isomers, with its mean average deviation (MAD) for isomerization 
energy being 7.8 kJ/mol and 11.0 kJ/mol smaller than PM6 and PM3, 
respectively. After the calibration, the values of MADs from the PM3, 
PDDG and PM6 results for most organics are reduced by 0.1 to 18.2 
kJ/mol, with exceptions of the PM3 for amines, PDDG for carboxylic 
acids, and PM6 for ethers.
Key words: Heat of formation (HOF); semiempirical molecular or-
bital theory; PM3; PDDG; PM6; linear fitting

Resumen. Se calcularon los calores de formación en fase gaseosa 
(HOF) de 390 compuestos orgánicos agrupados en 18 familias de 
compuestos con química cuántica, utilizando los métodos semiem-
píricos PM3, PDDG y PM6. Los valores calculados de HOFs fueron 
comparados con los valores experimentales correspondientes, con el 
fin de evaluar la precisión de los métodos para describir cada una de 
las diferentes familias de compuestos. Para esto, los valores calculados 
y experimentales de HOF fueron ajustados a una línea recta por el mé-
todo de mínimos cuadrados, las ecuaciones de ajuste fueron utilizadas 
como curvas de calibración. Estas curvas muestran que para 10 fami-
lias de compuestos, el método PM6 es el mejor; mientras que el PDDG 
es mejor para 7 familias de compuestos orgánicos y, el PM3 es bueno 
sólo para los aminoácidos. De manera general, el método PM6 predice 
con mejor aproximación los valores de HOF con un desviación media 
promedio (WTMAD) de 0.4 kJ/mol, un valor 2.4 kJ/mol menor que el 
que presentan los métodos PM3 y PDDG. Por otra parte, se muestra 
que el PDDG es el mejor método para diferenciar los isómeros, con 
un desviación media promedio (MAD) más pequeña para la energía 
de isomerización en 7.8 kJ/mol y 11.0 kJ/mol, con respecto a PM3 
and PDDG, respectivamente. A través de la calibración, los valores 
de MADs obtenidos para PM3, PDDG y PM6 para la mayoría de los 
compuestos estudiados disminuyeron de 0.1 a 18.2 kJ/mol, con excep-
ción para el PM3 de las aminas, PDDG para los ácidos carboxílicos 
y el PM6 para los éteres.
Palabras clave: Calor de formación (HOF); teoría semiempírica de 
orbitales moleculares; PM3; PDDG; PM6; regresión lineal.

Introduction

Quantum chemical computations can direct researchers to de-
sign and tailor target molecules while reducing the costs as-
sociated with experiments, and it is especially useful to screen 
the high energy materials (HEM) [1] since the experimental 
conditions of HEM are quite rigorous. As one part of the com-
putational chemistry, semi-empirical methods have played a 
significant role during the second half of the 20th century. 
Although the first-principles quantum chemical methods are 
overwhelmingly used nowadays due to their high accuracy as a 
whole, the semi-empirical methods still have some advantages. 
They employ a minimum valance basis set, parameters and 
integral approximations such as NDDO (Neglect of Diatomic 
Differential Overlap) [2]. Consequently, the semi-empirical 
methods are fast, making them widely used in the applica-
tion for large molecules as reviewed in many reports [3-6]. 
In particular, they produce the heats of formation (HOFs) di-
rectly. The HOF is a quite important and useful thermodynamic 

parameter, which is always used to describe the stability of 
compounds. Also, it can be used to calculate the heats of reac-
tions and changes of free energy to decide whether or not a 
reaction occurs spontaneously. In particular, the HOF is very 
useful in calculating thermodynamic properties of HEM, whose 
performances, such as detonation velocity and explosion heat, 
are closely related to the HOF [7]. Moreover, though the first 
principle methods should be more accurate than semi-empirical 
methods as a whole, it is reported that semiempirical methods 
predict the HOF even more accurately than some DFT methods 
[8]. As reviewed in many reports, the semi-empirical method 
includes CNDO/1, CNDO/2, MINDO/3 [9], AM1 [10], PM3 
[11], PDDG/PM3 [12] and PM6 [13] etc. AM1 has included 
some hydrogen-bonded structures and energies in the param-
eterization, and the PM3 was further modified than AM1 by 
means of optimizing parameters. Thus PM3 is more accurate 
for HOFs and the hydrogen-bond geometries than AM1 [14]. 
Later on, based on the PM3 semi-empirical method, Repasky 
et al. introduced a single function, that is the Pairwise Distance 
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Directed Gaussian (PDDG) function, to enhance the NDDO-
based semiempirical method. This results a reduction in mean 
absolute error from 4.4 kcal/mol by PM3 to 3.3 kcal/mol by 
PDDG for the HOFs of 622 diverse molecules containing C, 
H, N, and O atoms. About five years later, the parameters in 
the PM6 were optimized further by Stewart et al, with specific 
emphasis on the biochemistry and transition metal systems also 
on the base of PM3. For a subset of 1373 compounds involving 
only the elements H, C, N, P, Cl, S, Br, O and F, PM6 yields 
a mean absolute error of 4.4 kcal/mol while PM3 yields 6.3 
kcal/mol [12]. Though it is known now that PM6 and PDDG 
both perform better than PM3 in predicting the HOFs, no one 
has ever compared the precision between PM6 and PDDG. On 
the other hand, it is also very interesting to explore the compari-
son among the precision of PM3, PDDG and PM6 for different 
series of organic compounds, because the inner modification 
method in each semi-empirical method makes its accuracy dif-
ferent for different series of organic compounds. In this paper, 
we computed the HOFs of 18 series of 390 organic compounds 
to evaluate the accuracy of the PM3, PDDG and PM6 methods. 
Since the semi-empirical computational methods such as PM3, 
PDDG or PM6 have the inner systematic errors, we established 
the relationship between the computed results and the experi-
mental values by the least square regression method.

Computational methods

All the computations were carried out using PM3, PDDG and 
PM6 methods as implemented within Gaussian 09 program 
[15]. The geometries of all compounds were fully optimized. 
The mean absolute deviations (MAD), mean signed deviations 
(MSD, calculated value minus experimental value), root mean 
square deviations (RMSD) and the weighted total MADs (WT-
MAD) were used for overall statistical analysis. The WTMAD 
is defined as below:

	 WTMAD MAD ni i
i

( )390 	 (1)

where ni represents the number of each kind of organic com-
pound. The relationship between the computed results and the 
experimental values was established by the least square method 
to obtain a fitted equation, which can be expressed as:

	 ΔHf, expt. = a • ΔHf, calc. + b	 (2)

where ΔHf, expt. and ΔHf, calc. represent the experimental and the 
calculated HOFs [16], respectively. In return, this relationship 
was used to calibrate the calculated results with the systematic 
errors being checked.

Results and discussion

The HOFs by the PM3, PDDG and PM6 methods for 390 or-
ganic compounds belonging to 18 kinds have been calculated, 

and their respective MADs as well as those of their calibrated 
results with respect to the experimental values were listed in 
Table 1. As shown in Table 1, for 10 kinds of organic com-
pounds in this paper, the MADs of the calculated results by 
PM6 are smaller than those by PM3 and PDDG, especially 
for aldehyde, for which the MADs from PM6 results are 14.6 
kJ/mol and 9.4 kJ/mol smaller than (both nearly half of) those 
from PM3 and PDDG, respectively. On the contrary, PM6 
yields larger MADs than PM3 and PDDG for alkane by 12.7 
kJ/mol and 15.9 kJ/mol, respectively, for carboxylic acid by 
9.0 kJ/mol and 11.1 kJ/mol, for amino acid by 3.8 kJ/mol and 
2.3 kJ/mol, and for amine by 1.5 kJ/mol and 4.8 kJ/mol. On 
the other hand, PM3 produces the smallest MAD among these 
three methods only for amino acid, 1.5 kJ/mol and 4.8 kJ/mol 
smaller than PDDG and PM6, respectively. While for alkane, 
halogenated alkane, halogenated alkene, cycloalkene, carbox-
ylic acid, amine and nitro compound, PDDG gives the smallest 
MAD among the three methods. However, for alkene, aromatic 
compounds, ketone and heterocyclic compounds, PDDG gives 
the largest MAD. MAD has been used widely to evaluate the 
accuracy of one method, such as in Ref. [11-13]. Thus from 
the viewpoint of MAD, PM6 is more accurate in predicting the 
HOF than PM3 and PDDG for 10 kinds of organic compounds, 
in which PM6 is obviously better than PM3 and PDDG for 
aldehyde. While PDDG is the best in reproducing the HOF for 
7 kinds of organics, and PM3 is the most reliable only with 
respect to amino acid. Table 1 also lists the WTMADs of the 
three semi-empirical methods for the total 18 kinds of organ-
ics. We can see from Table 1 that the WTMADs of the three 
methods (namely PM3, PDDG and PM6), are 14.8 kJ/mol, 12.8 
kJ/mol and 12.4 kJ/mol, respectively. This indicates that PM6 
is more accurate than PM3 and PDDG in predicting the HOF 
for the selected 18 kinds of organics as a whole. It is worth 
noting that for the alkane, when the number of carbon atoms n 
≤ 11, PM3 and PDDG are more reliable than PM6 as a whole. 
However, when n > 11, PM6 would be more accurate than PM3 
and PDDG, while PDDG is slightly better than PM3. This may 
be due to the fact that the contribution of inner molecular inter-
action (such as core-core repulsion) in larger molecules would 
be more significant, and PM6 has done much modification on 
the core-core repulsion, while PDDG just only does a small 
modification on the base of PM3 [12,13]. Similar reasons can 
also explain that the absolute errors of the PM3 results reach 
53.6 kJ/mol and 44.2 kJ/mol for 1,2-propanediol and 2,3-bu-
tanediol, respectively, since there are stronger intra-molecular 
repulsions, which PM3 fails to reproduce, between their two 
adjacent hydroxys in these two diols.

As for the case after the calibration using the fitted re-
gression equations, we can also see in Table 1 that PM6 still 
yields the smallest MADs for 11 kinds of organics, and PDDG 
yields the smallest MADs for 5 kinds, leaving PM3 produc-
ing the smallest MAD for cycloalkene only. Calibrated PDDG 
produces the largest MADs for halogenated alkene (for which 
it produces the smallest MAD before the calibration) and aro-
matic compounds, while PM6 for amino acid only and PM3 
for the rest 15 kinds. For the whole 18 kinds of organics, from 
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the viewpoint of WTMAD, calibrated PM6 still gives the most 
accurate HOF with WTMAD of 8.0 kJ/mol, and PDDG is the 
second with WTMAD of 9.1 kJ/mol, PM3 being the last with 
WTMAD of 10.9 kJ/mol. Also, Table 1 lists the variation in 
MADs of PM3, PDDG and PM6 results after being calibrated 
by the fitted regression equations for each kind of organics. 
After the calibration by the fitted equations, for 15 kinds of 
the organics, the MADs of the calculated HOFs by all the three 
methods can be reduced more or less, which means that the 
calibration is effective to these organics. Moreover, calibrations 
on the calculated results for some organic compounds, such 
as alkane by PM6, cycloalkene, aldehyde and nitrile by PM3, 
aldehyde by PDDG, are quite effective. The values of MADs 
are reduced by 17.0, 13.0, 18.2, 13.2, and 14.1 for the above 
mentioned compounds, respectively. However, there are three 
exceptions. One is ether, for which the MAD of HOFs calcu-
lated by PM6 increases by 0.1 kJ/mol after the calibration. An-
other is amine, for which the MADs of HOFs by PM3 increases 
by 1.2 kJ/mol after calibrating, and the third one is carboxylic 
acid by PDDG with its MAD increased by 0.3 kJ/mol.

Table 2 lists the parameters of the fitted equations of each 
category for PM3, PDDG and PM6 methods, as well as the cor-
relation coefficients and the standard deviations (SDs). Table 
2 shows that the correlated coefficients of the fitted equations 
from the PDDG results are closer to 1.000 than those of PM3 
and PM6, with three exceptions of ketone, nitrile and amine. 
For these three kinds of organics, the correlated coefficients 
of the fitted equations of PM6 are closer to 1.000. This sug-

gests that PDDG is relatively more stable than PM3 and PM6. 
However, the SDs of the fitted equations of PM6 are smaller 
than those of PM3 and PDDG for 11 kinds of organics, and 
this demonstrates again that PM6 is more accurate than PM3 
and PDDG as a whole.

As for why PDDG is more accurate than PM3 as a whole, 
it is mainly due to the novel addition of the Pairwise Distance 
Directed Gaussian (PDDG) function into the CRF (core repul-
sion function) [9]. As for the advantages of PM6 over PM3, 
the parameters in the PM6 has been specifically optimized for 
organic compounds containing only C, H, O, N, F, S, Cl, I, 
P and S based on PM3 [13]. In addition, PM6 used a larger 
training set for optimizing its parameters than PM3 [17]. The 
difference between the calculated HOFs by PM3 and PM6 for 
the same organic compounds is derived from two aspects: 1) 
modifications in the approximations; 2) optimizations of the 
atomic parameters. The parameters were determined by means 
of making the value of error function S smallest:

	 S H E C nj Ref Tot i i
i

j
i

( . ( )), 627 51 2

where the ∆Hj,Ref are the experimental HOFs of the compounds, 
the ETot are the calculated total energies, the Ci are constants 
for each atom of type i, and ni are the number of atoms of that 
type. The error function S contains ETot which depends on the 
approximations in the calculation process, so the accuracy of 
parameters would be influenced by the adopted approxima-
tions. In addition, the number of reference data used in PM6 

Table 1. MADs for different types of compounds and overall WTMAD.a

Series n PM3 Calibrated PM3 PDDG Calibrated PDDG PM6 Calibrated PM6
Alkane 41 9.2 6.0 (−34.8%) 6.0 3.0 (−50.0%) 21.9 4.2 (−80.8%)
Halogenated alkane 22 17.7 7.0 (−60.5%) 8.0 3.0 (−62.5%) 8.1 5.2 (−35.8%)
Alkene 39 8.4 6.9 (−17.9%) 14.6 5.8 (−60.3%) 6.0 5.7 (−5.0%)
Halogenated alkene 16 16.1 9.8 (−39.1%) 14.6 12.9 (−11.6%) 15.5 7.7 (−50.3%)
Cycloalkane 20 15.1 13.1 (−13.2%) 12.9 12.2 (−5.4%) 11.0 9.6 (−12.7%)
Cycloalkene 9 16.5 3.5 (−78.8%) 14.3 5.5 (−61.5%) 14.6 4.8 (−67.1%)
Alkanol 28 15.8 12.4 (−21.5%) 9.9 9.8 (−1.0%) 6.9 4.3 (−37.7%)
Carboxylic acid 17 8.2 8.1 (−1.2%) 6.1 6.3 (3.3%) 17.2 7.3 (−57.6%)
Amino acid 10 17.6 15.8 (−10.2%) 19.1 10.3 (−46.1%) 21.4 17.5 (−18.2%)
Aldehyde 10 25.3 7.1 (−71.9%) 20.1 6.0 (−70.1%) 10.7 6.0 (−43.9%)
Ester 16 25.4 20.8 (−36.1%) 14.9 14.0 (−6.0%) 12.9 11.0 (−1.3%)
Aromatic compounds 43 15.0 13.1 (−12.7%) 16.5 16.4 (−0.6%) 12.0 11.3 (−5.8%)
Ketone 20 11.2 10.7 (−4.5%) 14.1 7.1 (−49.6%) 10.1 8.9 (−11.9%)
Heterocyclic compounds 30 16.4 16.1 (−1.8%) 20.6 15.6 (−24.3%) 13.2 13.1 (−0.8%)
Nitrile 20 22.4 9.2 (−58.9%) 11.8 7.6 (−35.6%) 11.4 7.2 (−36.8%)
Ether 14 19.1 8.9 (−53.4%) 8.1 8.0 (−1.2%) 5.6 5.7 (1.8%)
Amine 18 10.6 11.8 (11.3%) 7.3 6.7 (−8.2%) 12.1 4.9 (−59.5%)
Nitro compound 15 20.1 19.2 (−4.5%) 17.2 10.8 (−37.2%) 18.7 15.4 (−17.6%)
WTMAD 14.8 10.9(−26.4%) 12.8 9.1(−28.9%) 12.4 8.0(−35.5%)

a MAD and WTMAD are in kJ/mol, data in parenthesis are the relative variations after calibration.
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Table 2. Parameters, correlation coefficients and SDs of 18 kinds of organic compounds for PM3,
PDDG and PM6.

Species Method Parameter Correlation coefficient SD
a b

Alkane PM3 1.116 28.594 0.9962 7.220
PDDG 0.940 −10.289 0.9989 5.399
PM6 0.981 −24.977 0.9981 4.722

Halogenated alkane PM3 1.005. −16.034 0.9967 10.447
PDDG 1.004 −1.940 0.9984 8.988
PM6 0.986 −9.329 0.9983 6.586

Alkene PM3 0.925. −5.529 0.9790 8.785
PDDG 0.9068 2.764 0.9923 7.343
PM6 0.988 −2.372 0.9861 6.884

Halogenated alkene PM3 0.951. −9.575 0.9970 16.463
PDDG 0.989 −13.006 0.9989 13.201
PM6 0.957. −6.372 0.9978 12.866

Cycloalkane PM3 1.007 9.542 0.9453 16.510
PDDG 1.050 10.892 0.9762 16.729
PM6 1.171 19.822 0.9658 12.289

Cycloalkene PM3 0.887 20.396 0.9453 6.653
PDDG 0.972 15.774 0.9975 7.592
PM6 0.996 14.637 0.9698 7.098

Alkanol PM3 0.932 −19.874 0.9753 17.581
PDDG 1.057 19.143 0.9920 14.172
PM6 0.945 −21.450 0.9965 8.916

Carboxylic acid PM3 0.986 −9.242 0.9928 13.010
PDDG 1.005 3.672 0.9987 8.091
PM6 1.049 10.474 0.9933 10.549

Amino acid PM3 1.206 90.322 0.8097 26.784
PDDG 1.195 93.338 0.9225 23.360
PM6 1.200 73.110 0.8397 24.282

Aldehyde PM3 0.925 6.402 0.9242 13.026
PDDG 0.957 9.527 0.9743 10.656
PM6 1.043 −1.129 0.9701 8.177

Ester PM3 1.011 −11.326 0.9687 26.237
PDDG 1.008 −2.402 0.9901 20.666
PM6 1.031 7.473 0.9852 26.230

Aromatic compounds PM3 0.993 −9.320 0.9962 16.089
PDDG 0.994 −1.299 0.9970 20.070
PM6 0.984 −4.405 0.9962 16.138

Ketone PM3 1.065 23.630 0.9140 15.068
PDDG 0.925 −10.132 0.9776 10.815
PM6 1.189 52.169 0.9483 11.685

Heterocyclic compounds PM3 1.000 2.609 0.9764 22.191
PDDG 0.977 15.580 0.9896 20.798
PM6 0.963 0.946 0.9794 20.543

Nitrile PM3 0.994 −19.459 0.9876 12.519
PDDG 0.957 9.527 0.9743 10.656
PM6 1.059 −11.730 0.9902 11.124

Ether PM3 1.361 87.685 0.9581 12.685
PDDG 0.926 −20.501 0.9853 10.572
PM6 0.997 −1.084 0.9853 7.368

Amine PM3 1.044 3.975 0.8762 13.930
PDDG 1.016 3.587 0.9706 9.522
PM6 1.012 −9.716 0.9733 7.762

Nitro-compounds PM3 1.027 1.159 0.9326 27.411
PDDG 0.903 0.851 0.9845 18.764
PM6 0.890 −17.962 0.9693 18.508
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(about 9000 discrete species) is ten times more than that in 
PM3 (about 800 discrete species) [13]. The advancements in 
the optimizations of PDDG and PM6 enable their accuracy 
over PM3 for organic compounds as a whole, but it can not 
ensure that the two methods are more accurate than PM3 for 
each kind of organic compounds. Actually PDDG is worse 
than PM3 for alkene, aromatic compounds, ketone and het-
erocyclic compounds, and PM6 is worse than PM3 for alkane, 
carboxylic acid, amino acid and amine. On the other hand, 
though PM6 adopts a much larger reference data than PM3, 
the weight (individual number / total number) of each kind of 
organic compound in the reference data is different during the 
optimization of the parameters. This will more or less influence 
the final accuracy of the parameters of atoms, which is another 
reason why the accuracy of PM6 for different kinds of organic 
compounds is different. Moreover, it is worthy to note that the 
above results that PM3 is better than PM6 for amine, carboxylic 
acid and amino acid, indicating that PM6 is not better than PM3 
when treating the groups of -COOH and -NH2.

To further investigate why PM6 is not better than PM3 for 
alkane, carboxylic acid, amino acid and amine, we compared 
some bond lengths from the PM3 and PM6 methods. As can be 
seen in Table 3, the bond lengths of C-N and C-O (in -COOH) 
by PM6 are longer than experimental values, while the bond 
lengths by PM3 are shorter than experimental values. This can 
be explained by the fact that the modifications in PM6 make 
the core-core repulsion stronger. The bond length of C=O by 
PM6 is shorter than that by PM3, due to the variation of the 
corresponding atomic parameters. The bond lengths of C-N, 
C=O and C-O by PM3 are closer to the experimental values 
than PM6, which may explain partly why PM3 is better than 
PM6 for amine and carboxylic acid. Nevertheless for C-C, the 
bond length by PM6 is more accurate than that of PM3, which 
is opposite to the fact that the HOF of alkane by PM3 is more 
precise than that by PM6. The number of reference data in PM6 
is much larger than that in PM3 as mentioned above, and this 
in return causes weight of alkane in the reference data in PM3 
larger than that in PM6, and finally enables PM3 more accuracy 
for alkane after the optimization of the atomic parameters.

The selected 18 kinds of organic compounds are just parts 
of all the organic compounds, so we can not exclude the pos-
sibility that PM3 would be more accurate than PDDG and PM6 
for some additional kind of organic compounds. We found that 
the quantitative sequence of the results computed by PM3, PM6 
and the reported values varies for different kinds of organic 
compounds, as shown in Table 4. The results are all from the 
chain molecules to avoid the influence of the configuration 

of branch on the HOF, so that the contribution of functional 
groups is only taken into consideration.

The absolute error distributions of PM3, PDDG and PM6 
results were depicted in bar diagrams (Fig. 1.), from which we 
can see that most of the absolute errors of the calibrated PM6 
are less than 10 kJ/mol, which shows that the accuracy for HOF 
increases in the order of PM3 < PDDG < PM6 < calibrated PM3 
< calibrated PDDG < calibrated PM6 as a whole.

In addition, it is reported that PDDG has a 43% improve-
ment in calculating the isomerization energy than PM3 [12], 

Table 3. Average bond length (in Å).
PM3 PM6 Expt.

C-C 1.50 1.52 1.54
C=O (-COOH) 1.22 1.21 1.23
C-O (-COOH) 1.36 1.38 1.36
C-N 1.48 1.49 1.47

Table 4. Overall quantitative comparison of the results of PM3, 
PDDG, PM6 and experimental values.
Type General values sequence
Alkane PM6 > PM3 > Expt.>PDDG (n < 9) 

PM6 > Expt. > PM3>PDDG (n ≥9)
Halogenated alkane PM3 > PM6 > Expt. PM3 > PDDG > 

Expt.
Alkene Expt.> PM6 > PDDG
Halogenated alkene PM3 > PDDG> PM6
Cycloalkane PM6 > PDDG> PM3
Cycloalkene unsure
Alkanol PM6 > Expt. > PDDG > PM3 (not 

including diol)
Carboxylic acid PM6 > PM3, PDDG, Expt.
Amino acid PM6 > PM3, PDDG, Expt.
Aldehyde PM6 > Expt. > PDDG > PM3
Ester PM3 > PM6 > PDDG, Expt.
Aromatic compound unsure
Ketone PM6 > Expt. > PM3 > PDDG
Heterocyclic compound unsure
Nitrile PM3 > PDDG > PM6 > Expt.
Ether PM3 > PM6 > Expt. > PDDG
Amine PM6 > PM3> Expt. > PDDG
Nitro-compound PM6 > PM3> Expt. > PDDG

Fig. 1 Absolute error distribution of PM3, PDD, PM6 and their cali-
brated results.
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then how about PM6 in differentiating isomers compared to 
the above two semi-empirical methods? Herein, we have also 
listed a number of isomerization energies by the three methods 
for a comparison in Table 5. As is shown in Table 5, before the 
calibration, from the viewpoint of MAD, PDDG can predict the 
isomerization energy best with the smallest MAD of 3.1 kJ/mol, 
followed by PM6 with MAD of 10.9 kJ/mol, and PM3 is the 
worst. After the calibration, the MAD of PM6 is 0.2 kJ/mol less 
than that of PDDG, indicating that calibrated PM6 is slightly 
better in calculating the isomerization energy than calibrated 
PDDG, while calibrated PM3 still yields the largest MAD.

Conclusion

Our target of this paper is to evaluate the accuracy of HOFs 
from the PM6, PDDG as well as PM3 methods for different 
classes of organic compounds. The HOFs predicted by PM3 
(maximum MAD is 25.4 kJ/mol, WTMAD is 14.8 kJ/mol), 
PDDG (maximum MAD is 20.6 kJ/mol, WTMAD is 12.8 kJ/
mol) and PM6 (maximum MAD is 21.9 kJ/mol, WTMAD is 

12.4 kJ/mol) are generally in good agreements with the reported 
experimental values, with PM6 being slightly better than PM3 
and PDDG as a whole. The results also show that the linear 
relationship of PDDG results versus the experiment results is 
better than those of PM3 and PM6, which indicates that PDDG 
is more stable than PM3 and PM6 in predicting HOFs. At the 
same time, the use of fitted equation to calibrate the calculated 
results can more or less reduce the deviation as a whole, except 
for the HOF of amine by PM3, the HOF of carboxylic acid 
by PDDG and the HOF of ether by PM6. Moreover, PDDG 
performs the best in differentiating the isomers as a whole. 
Finally, our work shows that semi-empirical method of PM6 is 
an alternative choice for predicting the HOF, especially when 
the accuracy of HOF is not a great concern.
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Table 5. Isomerization Enthalpies (kJ/mol).
Calc. Calib.

PM3 PDDG PM6 PM3 PDDG PM6 Expt.
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HO

HO       
OH

OH
HO      HO OH

1.9 9.3 5.9 1.7 10.1 6.0 8.5
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HO
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OH

OH
HO      HO OH

−0.3 −8.8 −2.9 −0.2 −8.3 −2.9 −7.7
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HO
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OH

OH
HO      HO OH

16.4 9.9 16.7 15.2 −29.4 3.4 7.7
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OH

OH
HO      HO OH

5.5 5.1 6.0 5.1 2.8 4.0 4.3
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HO
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OH

OH
HO      HO OH

29.4 9.0 25.8 29.2 8.2 25.6 5.7
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OH
HO      HO OH

18.8 13.2 14.4 16.5 12.0 14.3 4.4
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18.6 22.6 17.2 17.3 60.3 17.0 24.3
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OH
HO      HO OH

0.5 3.9 1.8 0.5 3.6 2.1 5.5
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OH

OH
HO      HO OH

25.7 16.3 27.1 33.1 14.8 26.8 7.1
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OH

OH
HO      HO OH

−21.8 19.5 −19.7 −6.9 28.9 0.2 27.6
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−15.8 −16.8 −14.5 −14.7 −15.1 −14.4 −10.4
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HO      HO OH

16.9 10.4 16.7 14.9 10.1 16.6 11.2
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OH
HO      HO OH

3.4 16.7 14.2 3.2 17.6 13.4 20.3
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OH
HO      HO OH
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HO

HO       
OH

OH
HO      HO OH

61.1 28.8 41.6 56.9 30.5 39.3 21.8

Overall MAD 14.1 3.1 10.9 13.7 7.7 7.5
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