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ABSTRACT

A fully defined and molecular-size agnostic Gibb’s free energy function that uses strictly structural
parameters as input would permit real-time energetics determination and optimization of molecules
heretofore intractable at ab initio levels. Here we present, the first part of a linear function for
Gibbs free energy (GiFE Function) that covers the elements {H,N,O,C,F} and is molecular-size
agnostic, using only atomic structure to generate the input variables. Critically, the GiFE function
is capable not only of producing the value of Gibbs free energy for a given complex in constant
time, but also may serve as a function over which molecules may be optimized in O(

√
n) time.

The prediction of individual and reaction free energies are demonstrated, as well as explanations of
chemical understanding generated from the function and an outlining of how the rest of this function
may be constructed, with examples covering {H,B,C,N,O,F,S,Si,Cl,Br,I}.

Keywords Free Energy · Linear Function · Size Agnostic · Understandable ML

1 Introduction

Energies that govern which reactions occur comprise the heart of the field of chemistry . Current methods for calculating
the individual Gibbs free energy (IG) of a molecule require the utilization of self-consistent field methods to first
optimize the structure of a given molecule to the assumed lowest-energy configuration. This is performed through
an iterative process of altering bonds lengths, angles, and dihedrals within the molecule and solving the Schrödinger
equation to determine the energy for that geometry step. This takes on the order of O(N3) or O(N4) for frequencies in
modern ab initio methods where N is dependent on the size of the system[Whitfield et al., 2013], or O(N2) in specific
systems[Fabian et al., 2022]. The modern Density Functional Theory (DFT) methods that permit low polynomial times
do so by truncation of interaction terms beyond two electrons and utilize matrix diagonalization which is O(N3) for N
electrons at worst[Whitfield et al., 2013]. These assumptions, though proven useful, create uncertainty that necessitates
experimental validation.

An ideal solution would be to have a universal functional[Sham and Kohn, 1966] like that suggested by Hohenberg and
Kohn’s first theorem, or a function that is only dependent on the positions and identity of atoms in a system and can
output the IG in constant time for any given geometry of the system of atoms. This function would also allow quick
optimization over the function, where the function acts as an structural energy oracle. The oracle would then be utilized
by the current fastest search algorithm time of O(

√
N ), which is Grover’s algorithm on a quantum computer[Grover,

1996]. This function should, in a complete form, contain the full span of interactions possible between any two elements
at any distance.
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Previous efforts to predict IG utilizing machine learning are numerous[Bitencourt-Ferreira and de Azevedo, 2018, Chen
et al., 2019, Desgranges and Delhommelle, 2018, Laiu et al., 2022, Pei et al., 2020, Wieder et al., 2021, Yoon et al.,
2021, Zhang et al., 2020]. Indeed, many of the methods have been extremely successful in the prediction of IG’ s for
large subsets of chemical space, with the best models predicting errors less than 1 kcal/mol (within chemical accuracy
)[Zhang et al., 2020]. To ensure comparability, many scientists have used the QM9 dataset[Ramakrishnan et al., 2014,
Montavon et al., 2013] as training and testing data, including QM9’s creators[Faber et al., 2017]. However, perhaps due
to the difficultly of unraveling nested functions found in network and non-linear-based models, little has been analyzed
about the functions created from these models, and little has been done to predict reaction energetics. Importantly, the
kernel trick[Cristianini et al., 2000] allows transformation of a non-linear regression problem into a linear one. This
practically means that if the features are defined in such a way as to act as a kernel that transforms the problem into
a linear space, then the same difficult problem that requires graph neural networks could be solved using a simple
multivariate linear regression.

This paper details a linear functional form for individual Gibbs free energy, generated via linear regressive methods for
a subset of chemical interaction space including non-metals, examines the chemical understanding generated by the
trained coefficients within the function, determines the capabilities of such models to predict reaction energies, and
details how the Gibb’s free energy (GiFE) function may be expanded to completeness. This work also expands the
dataset space beyond the QM9 benchmark to include more of the periodic table and explores the impact of using local
spin density-converged basis sets on model performance.

2 Methods

2.1 The Datasets

The data used comes in two forms: pre-optimized data from the QM9 dataset, and newly optimized data generated for
this research. All datasets discussed herein are summarized with corresponding results in Table 1.

Newly optimized data was generated through optimization and frequency calculations using Gaussian 16 VE.01[Frisch
et al., 2016] with ωb97xd[Chai and Head-Gordon, 2008] and dgdzvp[Godbout et al., 1992, Sosa et al., 1992], in THF
solvent using the Solvation Model Based on Density (smd) solvation method[Marenich et al., 2009] with very tight
convergence for an ultrafine integer grid. This method set will be referred to as ωb-dgd. Alternative basis sets and
functionals are discussed in SI-1.1 and previous publications[Chang et al., 2019].

Calculations at the ωb-dgd level were run on a set of 648 quaternary carbon (QC) derivatives, a random subset of 1667
molecules from the GDB-11 chemical space (GDB)[Fink and Reymond, 2007], and a random subset of 6033 molecules
from the QM9 set. The QC dataset contains elements {H,B,C,N,O,F,S,Si,Cl,Br,I}. GDB and QM9 sets contain elements
{H,C,O,N,F}. These molecules are supplied in the SI. The QC set was chosen to examine the ability to predict on a
chemical space that utilizes six more elements than the previous five covered by QM9 sets and is well covered with a
smaller number of calculations due to the structural simplicity of the space. The GDB dataset was chosen to explore
chemical spaces with wider geometrical diversity while also incorporating up to 11 heavy atoms in each molecule.
When the QM9 energies are taken from the precomputed set, the calculations use truncations on the number of electrons
treated explicitly and do not contain dispersion in the functional. Subsets of QM9 and GDB sets calculated at ωb-dgd
were created due to the exhibition of accuracy for the QC set when a small training set was used for those individual
trials, indicating that converging the function does not require a large number of samples to describe each geometrically
similar space. A combined dataset with QC and QM9 is also examined, as well as a combined set of QM9 and GDB, all
calculated at ωb-dgd.

The precomputed dataset comprised of 129,815 molecules from the QM9[Ramakrishnan et al., 2014] dataset was utilized.
These molecular geometries and their energies were provided with the dataset and were gained through optimizations
conducted by the dataset creators of molecules selected from the GDB-17 chemical universe possessing at most 9 heavy
atoms covering the elements {C,O,N,F}. The optimizations were performed with the B3LYP functional[Lee et al.,
1988, Vosko et al., 1980, Stephens et al., 1994, Becke, 1993] and 6-31G(2df,p)[Rassolov et al., 1998, 2001, Ditchfield
et al., 1971, Hehre et al., 1972, Hariharan and Pople, 1973, 1974, Gordon, 1980, Francl et al., 1982, Binning Jr and
Curtiss, 1990] basis set (B3-631). Additional details on the optimization of these molecules can be found in the original
documentation for the QM9 set[Ramakrishnan et al., 2014].
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Figure 1: Encoded representations for input datasets. Each molecule is described by two or three encodings, Element
Occurrence, Spherical Radii, and Angular Arcs. Note, spherical radii are depicted here in 2D, though they are calculated
in 3D.

2.2 The Model

All machine learning methods were implemented with numpy[Harris et al., 2020] and Scikit-Learn[Pedregosa et al.,
2011]. Additional utilities to transform data and ease processing are included in the ChemArchItect package available
through Github, pyahocorasick[RN4, 2022], and Open Babel[O’Boyle et al., 2011]. The model applied in this research
was Ridge regression from the LinearRegression module in Scikit-Learn with no intercept. This simple linear model
was chosen due to the understandability of the resulting function, the lack of need for more complex models as indicated
by previous studies[Chang et al., 2019], and the included regularization. The model was set to not fit an intercept as
there is no physical reasoning to include an intercept based on the input features chosen.

These models predict IG from three sets of input features, as shown in Figure 1. The first set of features, known as
“element occurrence” (EO), uses an occurrence encoding, where for each atom of a given element in a molecule, 1 is
added to the column referring to that atom type. This set of input features is included to account for the innate energy
each atom will have by existing in a system at standard temperature and pressure.

The second set of encoded input features, known as “spherical radii” (SR) and sometimes referred to as pairwise
interactions elsewhere[Faber et al., 2017], are used to encode the pairwise interactions between each atom pair.
Therefore, there is a feature for every possible pairing of two elements within a given cutoff distance, and for every
possible distance between those two elements at a defined distance granularity. The cutoff distance for this study was
set at 8 Å due to the lack of further improvement seen with larger cutoffs. For example, if the molecule in question
was HCl and the bond length between the two atoms was 1.97 Å, then, for an encoding with granularity of 0.05, there
would be a 1 in the feature column representing H-Cl 2.00 Å, (H-Cl-2.00 ). If the system was H2O with bond lengths
of 1.76 Å for each H-O pair, then there would be a 2 in the H-O 1.80 Å feature column. Note that there would be no
O-H columns as that would involve double counting of the interaction. Deciding the correct granularity for a given
dataset was done by determining when the testing mean absolute error (MAE) began to diverge from the training MAE
at different granularities while training set size and dataset were held constant.

SR encoding assumes that the bonding distance of each pair of atoms encoded in this way is responding to a “black-box”
force created by the rest of the system, and that regardless of how that force is created, the interaction between the
encoded pair at a specified length will have specific energy related to the identities of the interacting atoms in the
presence of an ambiguous force that would cause that bond length. As an example, many molecules may have an
interacting pair of C-H at 1.5 Å. In the process of regressing to match the Gibbs free energies of the optimized molecules,
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the coefficient given to C-H at 1.5 Å may only be one value for multiple molecules. This value must therefore account
for the contribution to the entropy by this interaction in all molecules containing it while balancing the convergence of
contributions for all other interactions present in other datapoints.

The third set of input features is called Angular Arcs (AA). Just as for SR, for each set of three atoms where the
second and third atoms are within a determined cutoff distance from the first atom, the angle is determined going from
atom one to two to three . The cutoff for this work was 2 Å for the distance from atom one to atom two, and 3 Å
for atom one to atom three. Additionally, feature columns were trimmed so that an angle derived from C-O-H was
placed in the same column as H-O-C. The column representing that angle between those three elements then gets a 1
added to it. Like the SR, the same angle between sets of three atoms may occur despite many surrounding chemical
environments. Indeed, such intuition driven from many experimental results is seen in general chemistry lessons of
VSEPR theory[Tsuchida, 1939, Gillespie and Nyholm, 1957, Gillespie, 1970, Sidgwick and Powell, 1940]. Each of
these angles is then found because it has a stabilizing energetic contribution, or a destabilizing contribution that is
outweighed by greater stabilizing energetics that simultaneously occur in the same molecule. Examples of EO, SR, and
AA are all shown in Figure 1. Dihedral Arcs were tested but not included in the main text due to a lack of improvement
seen when present, potentially due to not enough data. It is expected that Dihedral Arcs will become important for the
complete function due to the unique information brought about by the three-dimensionality described by them.

The proposed explanations for the meaning of the three encoded components of the input are explored by using each
input separately to train and predict the total electronic energy (TEE) and thermal correction to Gibbs free energy (TCG)
as shown in Tables 2, 3 and 4. A complete set of encoded input data is included in the ChemArchItect Github along
with code to generate the encoding for new datasets.

Encoding can be performed utilizing either a discrete or portioned bucketing method. In the discrete case, each SR
or AA interaction adds a value of 1 to the first bucket containing a distance or angle larger than the interaction value
as described in Figure 1. In the portioned method, the interaction’s total contribution of 1 is split between the two
bounding buckets proportionally to how close the interaction is to each bucket’s value as detailed in Section SI-2.

The number of features in each feature set is determined by the following equations:

SR = Gr ∗
E∑
i=1

i (1)

AA = Gr ∗
E∑
i=1

E ∗ i (2)

DA = Gr ∗
E∑
i=1

E∑
j=1

i ∗ j (3)

Here, SR, AA, and DA are the number of Spherical Radii, Angular Arcs, and Dihedral Arcs respectively. Gr is the
number of bins based on the granularity and the cutoff, and E is the number of elements being covered by the dataset.

Regularization of the model via the alpha parameter of Ridge regression was utilized to counterbalance increasing
feature space size. An alpha of 1*10-6 was found to minimize the MAE the most while preventing training and testing
set MAE divergence. To check for overfitting and convergence of the function, testing and training MAE was observed
at sequentially smaller training set size until divergence was seen. Examination of coefficients from the trained model
for size and sign alternation, as well as a determination of uncertainty based on the amount of datapoints covering each
feature was also employed to verify overfitting was not occurring.

Determination of which train-test split of the data should be utilized for each dataset was resolved by the point at which
the training and testing MAE beg an diverging. This is the last testing percentage that does not raise the testing MAE.
The choices of train-test split percentages can be seen in Table 1 for each dataset with graphs showing the training and
testing MAE throughout the range of train-test splits in Figure S2.

2.3 Reaction Modeling

Redox and deprotonation reactions form the fundamental basis for many important reactions in chemistry[Olanow,
1990, Wang et al., 2010, Block et al., 2015, Mulvey et al., 2007, Balashov, 2000, Chevallier and Mongin, 2008, Whisler
et al., 2004, Dong et al., 2018, Duan et al., 2018, Baptista et al., 2017]. To determine the reaction free energies for
a deprotonation and oxidation reaction set, the IGs were predicted for products and reactants. The oxidation set is
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comprised of two functions, one trained on oxidized products, and one trained on neutral molecules, where both
oxidized and neutral molecules came from the GDB dataset. Oxidation was modeled by simply changing the charge
state of the species during optimization. The deprotonation set was formed from the QC dataset where QC species were
deprotonated by removing the first hydrogen found in the input file. Charges and multiplicities were updated to reflect
the loss of a proton before optimization on the deprotonated molecule was performed.

∆G of oxidation and deprotonation reactions were then found using the predicted values of free energies for the product
and reactant species. As electron and proton acceptors would shift these reaction energies by a constant amount, the
acceptors are left out of the comparison of predicted values.

3 Results and Discussion

3.1 Dataset Training

The amount of memory and time utilized for training is often used as a metric for how useful a model is in comparison
to other models[Zhang et al., 2020]. In comparison to the best performing model and architecture for the QM9 dataset,
MXMNet, the multivariate linear regression presented here is found to be superior in both memory and time. MXMNet
utilizing a batch size of 128 and a global layer cutoff distance of 10 Å found a memory usage of 9 GB for training.
This research, on the other hand, used only 353 MB of memory for training. Relating to time complexity, the model in
this work is a standard multivariate linear regression and thus has a theoretical training-time complexity of O(k2(v+k))
where k is the total number of features, and v is the number of training datapoints[Zhang et al., 2020]. This stands in
comparison to MXMNet which has a time complexity of O(Ndg3), where N is the number of graphical nodes and dg is
the cutoff distance for nearest neighbors. It is important here to note that the GiFE function is molecule-size agnostic,
whereas the MXMNet is dependent on the number of atoms (nodes).

3.2 Prediction Capability

MAE’s and absolute mean errors (AME) for IG’s of all datasets are summarized in Table 1. If graphed as actual versus
predicted energies, in Hartrees, visually linear predictions for each dataset are seen. Because no distinguishable visual
difference can be seen despite different error values the graphs are therefore not all shown . This occurs due to the large
range of energetics covered by the datasets and the small size of the errors, which are on the order of 0.001 Hartrees.
Figure 2 demonstrates this effect where the actual versus predicted energies of the QM9, QC, and “QM9 and QC”
datasets, with SR=0.5 Å and optimizations performed with ω b-dgd, are visually linear despite the different MAE values
in Table 1. MAE is less than 10 kcal/mol in all cases. This equates to less than a hydrogen bond in error and is also
within the bounds of expected error for any given DFT method[Riley et al., 2007, Steiner, 2002]. It is therefore difficult
without having a massive, hand-picked, experimentally verified dataset to know for sure if the errors of the model here
are due to model error or computational error inherent to the level of theory used. Previous works have noted lower
error than this for the QM9 dataset prediction of IG’s at 0.17 kcal/mol MAE[Zhang et al., 2020] and make claims that
early stopping based on validation set loss will avoid overfitting. However, it is important to note that B3LYP, like many
other DFT functionals, have systematic errors[Wodrich et al., 2006, Matsuda et al., 2006] which can also be picked
up by pattern detection methods and would also likely be present in a validation set. Regardless, 93.5% of the testing
data for the QM9 0.1 Å SR with 1% testing dataset is found here to have error less than 10 kcal/mol from the B3LYP
prediction, making it useful for many applications.

Likely due to the increased ability to pick out small geometrical changes between molecules, increasing granularity
for both the QM9 and GDB datasets improves the MAE by 1-3 kcal/mol. Indeed, as is illustrated in Figure S3, small
changes in granularity can alter the shape of the function, making it easy to over- or under-shoot a predicted IG.
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Spherical Radii
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Angular Arc
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(Degrees)

Encoding
Bucketing

Test
Percent

Dataset
Size

Mean
Absolute

Error
(kcal/mol)

Absolute
Maximum

Error
(kcal/mol)

QM9 B3LYP/
6-31G (2df,p) 0.1 5 Portion/ Discrete 1% 129815 2.39 166.78

QM9 B3LYP/
6-31G (2df,p) 0.1 5 Portion/ Discrete 78% 129815 7.5 30461.99

QM9 ωb97xd/ dgdzvp 0.1 5 Portion/ Discrete 1% 6033 2.18 27.78
QM9

and GDB ωb97xd/ dgdzvp 0.1 5 Portion/ Discrete 1% 7700 2.48 33.53

QM9 ωb97xd/ dgdzvp 0.1 — Portion 1% 6033 3.45 66.68
QM9 ωb97xd/ dgdzvp 0.1 — Discrete 1% 6033 4.67 91.52
QM9 ωb97xd/ dgdzvp 0.5 — Portion 1% 6033 6.40 90.91
QM9 ωb97xd/ dgdzvp 0.5 — Discrete 1% 6033 7.87 92
QC ωb97xd/ dgdzvp 0.5 — Discrete 1% 648 0.76 2.19

QM9
and QC ωb97xd/ dgdzvp 0.5 — Discrete 1% 6681 6.04 91.79

GDB ωb97xd/ dgdzvp 0.1 — Portion 1% 1667 1.89 23.71
GDB ωb97xd/ dgdzvp 0.1 — Discrete 1% 1667 3.96 21.48
GDB ωb97xd/ dgdzvp 0.5 — Discrete 1% 1667 5.04 66.46
GDB ωb97xd/ dgdzvp 0.5 10 Discrete 1% 1667 2.27 7.62
GDB ωb97xd/ dgdzvp 0.5 25 Discrete 1% 1667 2.56 25.23

Table 1: Accuracy metric results for each dataset with various calculation theory, encodings, granularities, and percentages used for training. All datasets contain the
element occurrence encoding in addition to those listed. The number of data points used for a given training round can be found by subtracting the Test Percent from
100% and multiplying the result by the Dataset Size. Columns with — indicate that encoding parameter was not used for that Data Set.
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Another alteration to the representation of input features was whether to split the contribution from a given pairwise
interaction or angle between multiple buckets based on the closeness of the distance or angle value to each bucket.
Indeed, when portioning is applied to the SR an improvement of 1 kcal/mol is seen on the QM9(SR=0.1, AA=5,EO) set,
with similarly diminished errors for sets in Table 1. When applied to the AA however, no improvement is seen. Given
the results in Table 1 which show improvements with portioning SR when the granularity is 0.1 Å, but not when 0.5 Å,
it is possible that portioning becomes more useful at smaller granularities where thermal fluctuations may change which
bucket a discrete SR contribution would fall in. It may therefore be that with smaller granularity for AA that portioning
would become useful. Due to memory limitations, this possibility is saved for another paper. Also, as discussed later in
Section 3.3, the coefficients of AA are smaller than that of SR, perhaps making any improvements by implementing
portioning less likely to be seen in the error.

Additionally, since pairwise interaction distances may directly speak to bonding and therefore the filling of valences, a
difference of 0.1 Å could have a significant impact on the energy of a system, while angles have more variability in
terms of overlapping orbitals. As an example, the difference between a single and triple bond for C-C interactions is
only a range of 0.4 Å. Under discrete bucketing, an interaction distance of 1.201 Å for C-C would end up in the 1.3
Å bucket, making it appear 50:50 between a single and double bond when it was actually very close to the idealized
single bond. Such a discretization then falls prey to over or underestimating energetic contributions to try to balance the
dissimilar systems being placed in the same bucket. Therefore, in the final input for the GiFE function, portioning is
used for SR but not AA.

Another condition of the input tested was the calculation theory as shown for the QM9 datasets. The MAE for the
B3-631 and ω b-dgd SR=0.1 Å, AA=5o QM9 datasets are similar are 2.39 and 2.18 kcal/mol respectively when only
1% of each dataset is used for testing. However, to compare these datasets fairly, the same amount of data must be used
for training. When this is the case with 1% testing for ω b-dgd and 95% testing for B3-631, the MAE’s are 2.18 and
41.16 kcal/mol respectively, a large difference. This amount of error shown by the B3-631 dataset would make the
model unusable, thereby requiring the use of more data. To get less than 10 kcal/mol of MAE for the B3-631 dataset
would require 28% or 36,000 molecules from the dataset, as compared to 4700 molecules for the ωb-dgd set. This
suggests the ωb-dgd theory finds the pattern more easily, perhaps from the fewer approximations in DGDZVP basis set
making less noisy and more well separated data.

As a second examination, the coefficients of the models using only SR=0.1 Å and EO trained on the QM9 datasets at
both levels of theory were overlayed. The B3-631 model used 76% training, while the ωb-dgd model used 7% such that
each model had the same amount of MAE, 4.9 kcal/mol. This test checked if the same functional form is being found
regardless of model theory. Showing this would demonstrate that with less data, the different basis set is able to reach
the same conclusion, and if the underlying noise of the calculation methods of the output is being picked up by the
model. Indeed, the two datasets find a similar function with minor differences in magnitude of the coefficients, as seen
in Figure S9-S13. The differences were analyzed further through determination of the uncertainty of each coefficient
(Figure S9-S13) and the comparison of each model under multiple training runs with differing random selections of
training data for each run in Figure S4-S8. What is discovered is that while the ω b-dgd set finds a perfectly replicated
function on each run, the B3-631 set sees a lot of variance in coefficient value when the uncertainty is high, which
lines up with the portions of the function that do not match the ω b-dgd set. This not only suggests that an underlying
function exists regardless of theory used to calculate the training data, but also that the higher-level methods are able to
find the function better with less training data. This is a very important conclusion that implies future calculations in
manufacturing the rest of this function should use the higher level of theory to make generating a function for more of
the periodic table tractable.

QC and “QM9 and QC” datasets, which are not performed at the 0.1 Å granularity because of a lack of enough
datapoints to cover the feature space well in the QC set, perform very well at 0.5 Å despite having 11 atom types
instead of the 5 found in the QM9 and GDB sets. Unsurprisingly, the “QM9 and QC” dataset has an MAE between
the constituent MAE’s. However, caution must be taken towards the success of the QC model as it does not possess
the same structural diversity as the sets derived from GDB chemical spaces (QM9 and GDB). The lack of structural
diversity may display issues in converging to coefficients that are generalizable to other structures and is discussed more
in Section 3.3. The depictions in Figure 2, however; suggest that the structural diversity of QM9 may be combined with
the well-defined QC space, including in areas of overlap as shown in Figure 2C, to expand the function and improve the
error metrics.

Next, the impact of including AA into the feature set is considered. Doing this was only found to be converged for
QM9 and “QM9 and GDB” datasets. This is expected to be due to too few datapoints for the complexity of the function
when 11 elements were included. Comparison of dataset versus feature set size is discussed further in Section 3.3.
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Examining the inclusion of AA at different granularities, it can be seen in Table 1 that MAEs decrease with each
increase in granularity up to the point where data set size limitations prevent fitting in both the QM9 and GDB cases.
The accuracies are also seen to improve over just using SR and EO, with the best results being found for the QM9
set with an MAE of 2.18 kcal/mol. It is also seen that the results improve regardless of using portioning or discrete
bucketing.

3.3 Chemical Meaning From Functional Form

Figure 2: Predicted versus actual energies in Hartrees for models trained on (A) QM9, (B) QC, and (C) QM9 and QC
all with 0.5 angstrom spherical radii granularity and element occurrence as input. In (C) QM9 datapoints are shown in
black and QC datapoints in orange with the inset showing a zoom of the area of overlap.

The full function is found in Section SI-3.2. Portions of SR function segments and examples of molecules being
described by critical points in the function can be found in Figure 3. The elements of systems being described are
outlined in red or black for clarity.

Faber et al.[Faber et al., 2017] previously noted in histogram analysis of pairwise interaction distances of the QM9
dataset that peaks in the histogram were found around common bond lengths. This of course makes sense for optimized
species where favorable interaction distances will be optimized towards. In this work, we go beyond frequency analysis
and can assign energetic contributions to interactions, both stabilizing and destabilizing. By plotting the coefficients of
the linear function used to calculate the IG versus Hartrees, the contribution of an atom pair or angle falling at a given
SR or AA to the total energy can be seen. Just as in the previous histogram analysis, expected favorable bond lengths
show large negative contributions to the energy, as shown in Figure 3 for N-H, O-H, C-C, and C-F bonds. Also seen
are donating contributions from hydrogens to atoms with already fulfilled valences, which understandably cause small
destabilizations. In comparison to the energy contributions of SR, the coefficients for AA are an order of magnitude
smaller, absolute averaging 1.8 * 10-3 for AA and 7.4 * 10-2 for SR. Whether or not both, either, or neither of the SR or
AA are portioned or discretely bucketed, this magnitudal difference remains. Therefore, the angular component appears
to be more of a tuning parameter for the calculation of the energy, as additionally reflected by the change of only 1.2
kcal/mol in the MAE of the QM9 set when AA are added to SR and EO. This is in comparison to SR which are seen to
bring 9 kcal/ of MAE improvement to the IG as shown in Table 5. Perhaps as expected from the coefficients being
smaller, as well as the increased dimensionality of angles as compared to bond lengths, the description of AA function
segments becomes a little less intuitive. However, certain expected features such as a local minimum in the function
around favorable angles such as the classical 109.5 degrees for tetrahedral molecular shapes can be seen. Additional
sections of the GiFE function are depicted and described in Figure S19-S23.

Of additional interest may be the distinction between the functions found by training on QM9 at the two levels of theory
shown in Figures S4-S8 and S9-S13. Interestingly, the stabilizing peak of the B3-631 C-H single bond distance can be
seen in a peak appearing in the 1.0 Å function bin, while the ω b-dgd method finds a peak at 1.1 and 1.2 Å which is
closer to the actual literature value of 1.06-1.10 Å[Demaison and Wlodarczak, 1994].

Such quantitative chemical understanding of structure-function relationships across generalized molecules is heretofore
unseen and offers new intuitive capabilities to scientists beyond even the prediction of IG’s. One could, for example,
utilize the contribution of a bond according to the function coefficients to the total energy across ab initio methodologies
to more critically and with more understanding benchmark a system. Despite this, some measure of caution must be
taken in looking visually at this data. Given limitations of data collection, conclusions must not be drawn from spaces
possessing few or no datapoints, from which an extrapolated function may fill in incorrectly. An example of this can be
seen in the low spherical radii distances where the function goes to zero. Chemical intuition and quantum mechanics
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state that as atoms come too close, the potential energy function skyrockets. This well understood phenomena is not
present due to the optimized nature of the dataset preventing such large instabilities. Future work may therefore look
at adding non-optimized species to the dataset to fill in more of the unstable landscape. Doing so may offer greater
predictive capabilities for transition and other high energy states of interest.

Mathematically, the functional segments seen in Figure 3 fall out of the model because each molecule in the training set
possesses a linear equation describing itself in terms of the features. Just like any system of equations, when there are
as many equations (molecules) as unknowns the system has a unique solution. An interesting case to consider is when
there a more equations than features. In general mathematics this often means there is no solution. However, a solution
may exist when the additional equations are simply linear combinations of other equations already in the set. Just as
quantum mechanics utilizes basis sets, this train of logic also suggests that a minimal basis set of molecules could
be used for a training set to cover all other molecules of interest. Future generation of this “basis set” of molecules
using a full functional form for calculations of chemical energetics may therefore permit the defining of chemical
space without the known intractability of iteration. For a periodic table of 118 elements, using the best granularities
for SR=0.1 Å with portioning and AA=5o, the total number of features, and therefore minimum number of molecules,
needed to describe the space is 30,351,783. If dihedrals are included at the same granularity as Angular Arcs, then
the minimum number of molecules becomes 1,804,951,659. For the space of organic molecules that utilize the 10
elements {H,C,N,O,F,P,S,Cl,Br,I}, utilizing all three structural features requires 132,825 molecules, and for the QM9 set
of elements, only 11,925 molecules are needed. These values are determined using Equations 1, 2, and 3. Importantly,
this is number of molecules and function are not dependent at all on the number of atoms or electrons in the molecules
or interest.

Of course, a variable controlling how many unknowns/features make up the model is determined by the granularity of
the SR. While Table 1 shows increasing the granularity increases the accuracy, this also requires more molecules in the
training set as each pairwise interaction between two distinct atoms can only fill one feature bin

Figure 3: Discrete spherical radii function segments with critical points illustrated by example systems in which that
critical point is found. The function shown comes from dataset combined QM9-GDB calculated with ω b97xd/dgdzvp
for element occurrence, spherical radii of granularity of 0.1, and angular arcs of 0.5 included as training features. Atoms
involved in the spherical radii are circled with red circles or black circles in the case of oxygen for visibility. Carbon is
gray, nitrogen is blue, oxygen is red, and hydrogen is white. The atoms included in the spherical radii function segment
are notated in the upper left of each graph.
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per molecule or two if portioning is used. This may therefore lead to many bins with only a few molecules contributing,
making the accurate determination of that coefficient less possible. This is the case for the QC set with SR=0.1 Å or
SR=0.5 Å with AA=25o, or the GDB set with SR=0.5 Å and AA=5o or finer as each of these sets have more features
than possible datapoints in the datasets.

On the other hand, too little granularity may wash out features in the function. An example of the importance of getting
the correct granularity for the function can be seen in Figure S3 where increasing granularity of the H-H SR resolve
unseen peaks.

To demonstrate the importance of structural diversity on the function, an overlaying of function segments in Figure
S24 and S25 shows that the function found by training on the QC dataset disagrees in many ways with the functional
segments trained by the GDB and QM9 datasets. Most poignantly is the larger scaling of each coefficient, likely due
to fewer feature buckets being filled by the QC set. The GDB function segments show better matching with QM9
segments, especially for heavy element – heavy element interactions. Again, as seen in Figure 2, combining QC with
another dataset for training is an option, as the QC and GDB datasets are combined in Figure S24 and S25 and the
function trained on the combined set much more closely matches the function made from more diverse data.

Also, of interest are changes to the function seen when Angular Arcs are included or excluded in the dataset. Direct
comparisons are shown at length in Figure S14, S15, S16, S17, and S18. The biggest changes occur to non-bonding
interactions. This makes sense as bonds are most impacted by distance, whereas non-bonding interactions are more
effected by angle due to their weaker overlap, making their energetic description more dependent on the additional
angular term.

Coefficients for element occurrence encoding for each model are included in Tables 2, 3, and 4 along with the MAE and
AME for the model. The QC dataset element occurrence coefficients lack resemblance to the other datasets. Indeed,
this may be due to the limited geometries in this dataset as compared to the other datasets which have many more
environments for each element to show up in. However, when the QC and QM9 5 Å environments are combined, the
C,N,O,F coefficients become much more in line with the QM9 and GDB coefficients. When combined, the other heavy
atom coefficients are seen to change but maintain the same order of magnitude. These changes are expected to occur
due to the refinement of the C,N,O,F coefficients when the function has to balance the additional structural diversity
introduced by the QM9 dataset. It is also quite interesting that the QM9 datasets calculated with B3-631 and ω b-dgd
datasets with the same encoding show nearly the same exact coefficients, suggesting that an underlying pattern is being
found when generalized datasets are being used for training.

MAEs from predicting the TEE and TCG from individual and combined encodings for the “QM9 and GDB” dataset are
shown in Table 5. The results show that both TEE, TCG, and IG are all best described when the combined features
are used for prediction. It is also clear that TEE is poorly predicted by SR alone or AA alone, with EO alone getting
shockingly accurate results at 16 kcal/mol MAE with just the number of each atom present in the molecule. When
predicted with SR alone, TCG is predicted as accurately as when all three feature types are included, while EO alone or
AA alone perform poorly. IGs performed expectedly like TEE’s which comprise most of the IG value. Interestingly,
MAE’s of each feature type alone in predicting IG’s follow the same magnitudal trend as seen in the coefficients. These
findings follow intuition that the TEE is largely described by the identity of the atoms present, while TCG is determined
by locations of atoms which relate to enthalpy and entropy. The confirmation of this intuition leans further credit to the
model being able to provide valid chemical understanding.
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Table 2: Occurrence encoding coefficients for each atom type in each model, as well as the mean absolute error (MAE) and absolute maximum error (AME). Atom
types not included in a dataset are marked with —.
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Table 4: Occurrence encoding coefficients for each atom type in each model, as well as the mean absolute error (MAE)
and absolute maximum error (AME). Atom types not included in a dataset are marked with —.

3.4 Reaction Predictions

Actual versus predicted reaction Gibbs free energy orderings for oxidation of the GDB SR=0.5 Å, AA=25o and SR=0.5
Å sets and deprotonation reactions of the QC SR=0.5 Å dataset are shown in Figure 4. Orderings, which compare the
rankings from largest to smallest of an output for each of predicted vs actual values, allow for better visualization of
the consequences of errors. Especially in problems of rational design, the orderings of energetics may be of greater
importance than the specific energies. The oxidation reaction results shown in Figure 4A and 4B show MAE’s that are
like those shown for IG’s in Tables 2, 3, and 4. Despite this, unlike the actual versus predicted energies shown in Figure
2, the orderings show a wider spread with greater deviation around the center of the rankings where many oxidation
energies are similar. With only SR and EO, Figure 4B sees a wider spread than when AA are included in 4A. When AA
are included the MAE of 2.92 kcal/mol is found, corresponding to 2.05% error on the oxidation energy, and shows an

Mean Absolute
Error (kcal/mol)

Total Electronic
Energy (TEE)

Thermal Correction
to Gibbs Free
Energy (TCG)

Individual Gibbs
Free Energy (IG)

All 2.85 0.26 2.48
Angular Arcs 6072.14 1.12 6621.33

Spherical Radii 778.48 0.28 707.29
Element Occurrence 16.05 1.5 17.25

Table 5: Impact of different functional components on the mean absolute error of TEE and TCG predictions. All are
values are in kcal/mol.
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improvement in ordering of over 100 places on average versus without AA. The drastic increase in ordering spread
that occurs with only 1 additional kcal/mol of error makes the improvements of better theory, finer granularity, and
portioning important for comparative reaction applications.

The deprotonation energies performed with SR and EO in 4C see an average of 4.33 kcal/mol error corresponding to
1.33% error. Even with the markedly less diverse and smaller QC set, deprotonation energies are still predicted well.
Given that these predictions are made using nothing more than data contained within the cartesian coordinates of a
standard input file for a molecule with no prior optimization required so long as the function covers the described space,
it is remarkable to see such accurate orderings.

Figure 4: Actual versus predicted orderings of reaction Gibbs free energies for (A,B) oxidation and (C) deprotonation
reactions are shown. Oxidation reactions are performed with the (A) GDB SR=0.5 Å, AA=25o and (B) GDB SR=0.5 Å
datasets, and deprotonation reaction with the QC SR=0.5 Å dataset. Mean absolute errors (MAE) are in kcal/mol, and
MAOE are mean absolute ordering errors.

3.5 The Path Towards Functional Completion

Thus far, it has been demonstrated that the feature set encodings presented here allow for the generation of a linear,
molecular size agnostic, chemically understandable function that can generate very accurate Gibbs free energies for
individual molecules which may be combined effectively to solve for similarly accurate reaction free energies. The
function’s understandability was exhibited through the analysis of structural components and the energetics contributions
attributed therein. Additionally, understanding of the function was further revealed through isolating each feature type
in the prediction of the component parts of Gibbs free energy. Furthermore, it was demonstrated that the chemical space
may be expanded elementally with modest numbers of additional molecules due to the low complexity of solving linear
equations with systems of equations.
Therefore, the process to expand to organic space is clear, and the necessities to expand to the entire periodic table
may be outlined. For this function to be expanded to cover the organic chemical space, regardless of molecular size, a
dataset with at least as many molecules as features as detailed in Equations 1, 2, and 3 will need to be created with
molecules covering all elements. In the construction of this space, care would need to be taken to ensure diversity
of molecular structure and interactions to avoid coefficients that only reflect a singular environment. Energetics of
the molecules in the training set then need to be calculated at a high level of theory, with special attention paid to
the treatment of electrons by the chosen basis set. The QM9, and precursor, datasets have had incredible impact on
the field and the authors greatly appreciate the efforts of its creators. Extending beyond the atom types found in the
GDB17 dataset is inevitable and crucial for many applications in medicine, energy, materials, and more. It is therefore
of the authors opinion that new datasets with values calculated using full electron basis sets for all included elements
will be necessary to address these problems and to provide heavier atoms with energy contributions reflective of the
number of electrons found in it[Faber et al., 2017], rather than the basis sets used by the literature QM9 dataset that
lack this quality[Godbout et al., 1992, Labanowski and Andzelm, 2012, Siiskonen and Priimagi, 2017, Paier et al.,
2007]. Thereby, all electrons are treated equivalently allowing the regression to properly scale the energy with the
number of electrons. Additionally, the results from a review of 200 functionals suggests that dispersion is crucial for
accuracy[Mardirossian and Head-Gordon, 2017].

The encoding granularity choice and portioning or discreteness of bucketing may be adjusted to improve accuracy of the
output but will need to be balanced with availability of dataset size. The function would then be trained on this wider
dataset. If charged species are desired, then a dataset of charged species will also be needed to make a charged function.

The organic set is easy to extend to due to the availability of basis sets that possess sufficient treatment of the elements
covered in organic space. As the function is expanded, and training data is needed for heavier and transition metal
elements, the availability of such basis sets becomes questionable. Decisions will have to be made and additional
testing done to determine if the combination of basis sets may be used, or if a trade-off in accuracy is acceptable
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for wider spatial coverage. As the results in Table 5 and Figure S4-S8 suggest, similar functions are found despite
very different model theory, which may allow for mixing basis sets. Another idea could be to use less understandable
machine learning models to generate larger training sets with the transition metals rather than calculating all using ab
initio software. Caution will have to be taken that errors from the ML model chosen to generate the training data do not
compound with errors inherent to the data the model was trained with.

Returning to the issue of charges, transition metal oxidation states are of course of great importance and will demand
the determination of proper treatment of charge. Ideally, the charge can be handled in a single function rather than
through the training of multiple functions. The current model of separate functions closely reflects the treatment of
charge in many ab initio calculations as not initially localizing on a specific atom, by assuming a system with charge
impacts the whole of molecule in small force adjustments throughout. The downside of this treatment is that in cases
where there is charge separation, which may especially occur in non-optimized geometries, atoms whose valence is
filled versus not are treated the same. As such a situation requires a single functional description and may have big
impact on non-optimized space, charges must thusly be sorted out before expansions into non-optimized space can be
explored. Caution must also be taken that the methodologies of generating energetics of non-optimized systems are
reliable when preparing the training set.

Even without non-optimized space, the function may still be used for optimization so long as constraints are applied
that updated geometrical states stay within the defined function. With such a constrained optimization algorithm, one
may then be able to apply Grover’s algorithm to optimize molecules in O(

√
N ) time, far faster than any current classical

methods.

4 Conclusion

This paper presents a Gibbs free energy function for the chemical space containing {H,C,O,N,F}. The function is
finite, and therefore molecular size agnostic, meaning calculation of the individual Gibbs free energy of any molecule
of any size in this space takes constant time. The form of the function allows for direct understanding of how much
each interatomic interaction contributes to the total energy. Having this function not only describes total molecular
energetics but may help expand the chemical intuition far beyond basic optimal bonding distances and into the realm of
directly understanding how one can tune a molecule‘s composition and structure to achieve desired reaction energetics.
Furthermore, given the generality of the function, huge swaths of chemical space may be charted and assigned energetics
to allow for unprecedented database sizes and chemical search.

Demonstrations of using the function to determine reaction energetics was also performed, successfully showing the
ability to maintain prediction error scaling when reaction energetics are calculated. The results also showed clear
ordering trends of the reaction energetics which will be useful for rational design.

5 Supplementary Information

5.1 Training and Testing

5.1.1 Basis Sets and Functionals

From these results it is seen that basis set changes show little ordering changes where maximum misordering is only 1
or 2 in all cases. Ordering accuracy suggests that at least when little structural diversity is included, any basis set should
be able to find the underlying function with enough accuracy to allow for ordering applications.

5.1.2 Impact of Train:Test Dataset Split Ratio on Accuracy of Model Prediction

5.2 Importance of Granularity

Figure 3 demonstrates the impact of having too small of a granularity on the functional description of H-H interactions.
There it can be seen that a granularity of 0.5 angstroms shows no negative contributions to the energy throughout the
segment. However, when granularity is increased to 0.2 or 0.1 angstroms, a favorable dip at 1.9 and 1.8 angstroms
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Mean Absolute Error
(kcal/mol)

Total Electronic
Energy (TEE)

Thermal Correction
to Gibbs Free
Energy (TCG)

Individual Gibbs
Free Energy (IG)

All 4.995 0.379 2.48
Spherical Radii 2475.382 0.405 6621.33

Element Occurrence 13.783 2.055 707.29
Bond Order 10.044 1.345 17.25

Table S 1: MAE’s for prediction of outputs using individual encodings. Bond order used as an encoding as generated
from cartesian coordinates using RDKit.

respectively is seen. This dip is seen to fall between two unfavorable peaks, suggesting that the 0.5 granularity would
be incapable of finding the minimum energy species for a molecule with this interaction.

Additionally, the 0.2 granularity also misses the shoulder seen between 2 and 2.5 angstroms in the 0.1 granularity curve,
and shows a shifting of the minima and maxima peak positions. Therefore, it is crucial to have as fine of granularity as
possible without overfitting to make sure functional features are not being missed.

5.3 Functional Meaning

5.3.1 Impact on the Function by Input Alterations

5.4 The Function

Table S 2: Spherical Radii coefficients of function found from the “QM9 and GDB” dataset calculated with ωb-dgd
theory with SR=0.1 angstroms portioned and AA=5 degrees for 1% test.

Element Pair Coefficient Element Pair Coefficient Element Pair Coefficient
H-H-0.5 – H-C-0.5 – H-N-0.5 –
H-H-0.6 – H-C-0.6 – H-N-0.6 –
H-H-0.7 – H-C-0.7 – H-N-0.7 –
H-H-0.8 – H-C-0.8 – H-N-0.8 –
H-H-0.9 – H-C-0.9 – H-N-0.9 –
H-H-1 – H-C-1 -1.26E-01 H-N-1 -8.99E-02

H-H-1.1 – H-C-1.1 -1.05E-01 H-N-1.1 -6.54E-02
H-H-1.2 – H-C-1.2 -6.65E-02 H-N-1.2 –
H-H-1.3 – H-C-1.3 – H-N-1.3 –
H-H-1.4 – H-C-1.4 – H-N-1.4 –
H-H-1.5 – H-C-1.5 – H-N-1.5 –
H-H-1.6 -2.86E-03 H-C-1.6 – H-N-1.6 -1.90E-02
H-H-1.7 -2.45E-04 H-C-1.7 – H-N-1.7 -4.20E-03
H-H-1.8 2.24E-03 H-C-1.8 -3.01E-03 H-N-1.8 -6.38E-03
H-H-1.9 5.24E-03 H-C-1.9 -4.63E-04 H-N-1.9 -2.18E-03
H-H-2 1.65E-03 H-C-2 -4.48E-03 H-N-2 -2.76E-03

H-H-2.1 1.11E-03 H-C-2.1 -3.26E-03 H-N-2.1 -2.80E-03
H-H-2.2 7.08E-04 H-C-2.2 -2.93E-03 H-N-2.2 -1.71E-03
H-H-2.3 4.40E-04 H-C-2.3 -1.69E-03 H-N-2.3 -1.09E-03
H-H-2.4 2.60E-04 H-C-2.4 -1.48E-03 H-N-2.4 -1.16E-03
H-H-2.5 9.11E-05 H-C-2.5 -8.08E-04 H-N-2.5 -1.09E-03
H-H-2.6 1.47E-04 H-C-2.6 -8.90E-04 H-N-2.6 -1.09E-03
H-H-2.7 -1.12E-04 H-C-2.7 -9.06E-04 H-N-2.7 -1.22E-03
H-H-2.8 -2.26E-06 H-C-2.8 -9.78E-04 H-N-2.8 -1.09E-03
H-H-2.9 2.67E-05 H-C-2.9 -1.00E-03 H-N-2.9 -1.47E-03
H-H-3 3.64E-04 H-C-3 -1.01E-03 H-N-3 -8.55E-04

H-H-3.1 4.76E-04 H-C-3.1 -7.46E-04 H-N-3.1 -6.35E-04
H-H-3.2 3.63E-04 H-C-3.2 -7.24E-04 H-N-3.2 -3.36E-04
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H-H-3.3 4.52E-04 H-C-3.3 -5.69E-04 H-N-3.3 -4.43E-04
H-H-3.4 3.20E-04 H-C-3.4 -4.56E-04 H-N-3.4 -1.84E-04
H-H-3.5 3.36E-04 H-C-3.5 -1.33E-04 H-N-3.5 1.95E-04
H-H-3.6 1.84E-04 H-C-3.6 8.52E-05 H-N-3.6 2.04E-04
H-H-3.7 2.62E-04 H-C-3.7 5.71E-05 H-N-3.7 4.31E-04
H-H-3.8 2.26E-04 H-C-3.8 6.83E-05 H-N-3.8 7.78E-05
H-H-3.9 3.29E-04 H-C-3.9 -2.00E-05 H-N-3.9 -9.34E-05
H-H-4 1.53E-04 H-C-4 5.61E-05 H-N-4 -1.34E-04

H-H-4.1 1.76E-04 H-C-4.1 1.07E-04 H-N-4.1 -1.93E-05
H-H-4.2 2.30E-04 H-C-4.2 4.69E-05 H-N-4.2 1.37E-04
H-H-4.3 1.46E-04 H-C-4.3 1.30E-04 H-N-4.3 1.35E-04
H-H-4.4 2.43E-04 H-C-4.4 1.44E-05 H-N-4.4 -3.39E-05
H-H-4.5 1.66E-04 H-C-4.5 1.23E-04 H-N-4.5 2.25E-04
H-H-4.6 1.23E-04 H-C-4.6 3.34E-05 H-N-4.6 2.89E-04
H-H-4.7 -2.56E-05 H-C-4.7 1.13E-04 H-N-4.7 1.95E-04
H-H-4.8 -1.86E-05 H-C-4.8 2.22E-04 H-N-4.8 1.42E-05
H-H-4.9 -6.69E-05 H-C-4.9 1.89E-05 H-N-4.9 -8.44E-05
H-H-5 -3.40E-05 H-C-5 1.08E-04 H-N-5 2.25E-04

H-H-5.1 7.23E-05 H-C-5.1 -3.56E-05 H-N-5.1 4.10E-05
H-H-5.2 -7.50E-05 H-C-5.2 1.59E-04 H-N-5.2 -9.93E-05
H-H-5.3 -2.30E-05 H-C-5.3 -4.30E-05 H-N-5.3 -7.75E-05
H-H-5.4 -5.71E-06 H-C-5.4 4.39E-05 H-N-5.4 -4.90E-05
H-H-5.5 -1.00E-04 H-C-5.5 7.86E-05 H-N-5.5 -2.64E-04
H-H-5.6 7.96E-05 H-C-5.6 1.08E-04 H-N-5.6 1.49E-04
H-H-5.7 -6.40E-05 H-C-5.7 7.88E-07 H-N-5.7 2.51E-04
H-H-5.8 -1.68E-04 H-C-5.8 -3.29E-05 H-N-5.8 -3.68E-05
H-H-5.9 -1.07E-05 H-C-5.9 5.79E-05 H-N-5.9 -3.36E-05
H-H-6 -6.40E-05 H-C-6 1.26E-04 H-N-6 -4.46E-05

H-H-6.1 -3.58E-05 H-C-6.1 1.83E-04 H-N-6.1 -5.15E-04
H-H-6.2 -9.26E-05 H-C-6.2 1.76E-04 H-N-6.2 -3.23E-04
H-H-6.3 -1.89E-04 H-C-6.3 1.03E-04 H-N-6.3 -5.79E-04
H-H-6.4 1.91E-05 H-C-6.4 -1.20E-04 H-N-6.4 -1.01E-04
H-H-6.5 -7.32E-05 H-C-6.5 -5.90E-06 H-N-6.5 -1.46E-04
H-H-6.6 1.83E-05 H-C-6.6 1.51E-04 H-N-6.6 1.86E-04
H-H-6.7 -1.78E-04 H-C-6.7 2.48E-05 H-N-6.7 -2.28E-04
H-H-6.8 3.08E-05 H-C-6.8 -2.69E-04 H-N-6.8 -1.65E-04
H-H-6.9 3.34E-05 H-C-6.9 7.34E-05 H-N-6.9 -5.15E-04
H-H-7 -9.32E-05 H-C-7 -2.25E-05 H-N-7 1.34E-04

H-H-7.1 -5.31E-06 H-C-7.1 -1.14E-05 H-N-7.1 -3.91E-04
H-H-7.2 -9.45E-05 H-C-7.2 -1.71E-04 H-N-7.2 -2.16E-04
H-H-7.3 3.72E-05 H-C-7.3 2.44E-05 H-N-7.3 8.57E-05
H-H-7.4 -5.03E-05 H-C-7.4 1.79E-04 H-N-7.4 -3.45E-04
H-H-7.5 2.55E-07 H-C-7.5 -2.70E-04 H-N-7.5 -2.40E-04
H-H-7.6 2.31E-04 H-C-7.6 3.95E-04 H-N-7.6 -3.72E-04
H-H-7.7 -7.72E-05 H-C-7.7 -1.34E-04 H-N-7.7 -4.01E-04
H-H-7.8 -1.43E-04 H-C-7.8 -3.01E-04 H-N-7.8 3.85E-04
H-H-7.9 -1.16E-04 H-C-7.9 6.47E-05 H-N-7.9 -3.61E-04
H-H-8 -3.06E-04 H-C-8 -3.92E-04 H-N-8 -6.20E-04

H-H-8.1 4.21E-04 H-C-8.1 3.26E-04 H-N-8.1 9.47E-05
H-H-8.2 -8.07E-05 H-C-8.2 -2.27E-04 H-N-8.2 -9.66E-04
H-H-8.3 3.66E-04 H-C-8.3 -3.01E-04 H-N-8.3 8.93E-04
H-H-8.4 1.05E-04 H-C-8.4 8.38E-06 H-N-8.4 9.02E-04
H-O-0.5 – H-F-0.5 – C-C-0.5 –
H-O-0.6 – H-F-0.6 – C-C-0.6 –
H-O-0.7 – H-F-0.7 – C-C-0.7 –
H-O-0.8 – H-F-0.8 – C-C-0.8 –
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H-O-0.9 -7.92E-02 H-F-0.9 – C-C-0.9 –
H-O-1 -8.03E-02 H-F-1 – C-C-1 –

H-O-1.1 -7.67E-02 H-F-1.1 – C-C-1.1 –
H-O-1.2 – H-F-1.2 – C-C-1.2 -9.47E-02
H-O-1.3 – H-F-1.3 – C-C-1.3 -7.12E-02
H-O-1.4 – H-F-1.4 – C-C-1.4 -5.26E-02
H-O-1.5 – H-F-1.5 – C-C-1.5 -3.20E-02
H-O-1.6 – H-F-1.6 – C-C-1.6 -1.78E-02
H-O-1.7 -1.30E-02 H-F-1.7 7.69E-03 C-C-1.7 1.33E-02
H-O-1.8 -5.49E-04 H-F-1.8 1.68E-02 C-C-1.8 -2.42E-02
H-O-1.9 -1.39E-03 H-F-1.9 -5.07E-02 C-C-1.9 -1.86E-02
H-O-2 -6.37E-04 H-F-2 -9.82E-04 C-C-2 -1.31E-02

H-O-2.1 -1.39E-03 H-F-2.1 -1.51E-03 C-C-2.1 -1.09E-02
H-O-2.2 -4.46E-04 H-F-2.2 -4.33E-03 C-C-2.2 -9.69E-03
H-O-2.3 7.49E-04 H-F-2.3 1.13E-03 C-C-2.3 -8.10E-03
H-O-2.4 2.98E-04 H-F-2.4 1.70E-03 C-C-2.4 -7.12E-03
H-O-2.5 2.96E-04 H-F-2.5 9.49E-04 C-C-2.5 -6.17E-03
H-O-2.6 1.51E-04 H-F-2.6 1.32E-03 C-C-2.6 -4.87E-03
H-O-2.7 2.42E-04 H-F-2.7 1.68E-03 C-C-2.7 -3.60E-03
H-O-2.8 2.15E-04 H-F-2.8 1.36E-03 C-C-2.8 -2.35E-03
H-O-2.9 2.81E-04 H-F-2.9 7.65E-04 C-C-2.9 -2.54E-03
H-O-3 1.84E-04 H-F-3 1.70E-03 C-C-3 -2.07E-03

H-O-3.1 -6.40E-05 H-F-3.1 -5.85E-04 C-C-3.1 -1.22E-03
H-O-3.2 9.95E-05 H-F-3.2 1.15E-04 C-C-3.2 -7.34E-04
H-O-3.3 -1.27E-04 H-F-3.3 5.26E-05 C-C-3.3 -2.04E-04
H-O-3.4 7.11E-05 H-F-3.4 1.12E-03 C-C-3.4 -4.34E-05
H-O-3.5 5.44E-04 H-F-3.5 -6.75E-04 C-C-3.5 -1.73E-04
H-O-3.6 4.64E-04 H-F-3.6 9.03E-04 C-C-3.6 -1.52E-04
H-O-3.7 6.88E-05 H-F-3.7 8.25E-04 C-C-3.7 -2.20E-05
H-O-3.8 1.20E-04 H-F-3.8 1.09E-03 C-C-3.8 2.43E-04
H-O-3.9 -9.99E-05 H-F-3.9 6.51E-04 C-C-3.9 1.64E-04
H-O-4 -5.09E-06 H-F-4 3.47E-04 C-C-4 5.98E-04

H-O-4.1 -1.86E-04 H-F-4.1 1.51E-04 C-C-4.1 -3.21E-04
H-O-4.2 4.52E-05 H-F-4.2 5.33E-04 C-C-4.2 -1.64E-04
H-O-4.3 -1.17E-04 H-F-4.3 2.69E-04 C-C-4.3 3.15E-04
H-O-4.4 8.97E-05 H-F-4.4 3.01E-04 C-C-4.4 -4.56E-05
H-O-4.5 -1.89E-04 H-F-4.5 2.46E-04 C-C-4.5 -6.60E-05
H-O-4.6 2.28E-04 H-F-4.6 -2.85E-04 C-C-4.6 -3.80E-05
H-O-4.7 1.14E-04 H-F-4.7 -4.94E-05 C-C-4.7 1.99E-04
H-O-4.8 -4.25E-05 H-F-4.8 8.50E-05 C-C-4.8 -4.54E-05
H-O-4.9 -1.16E-05 H-F-4.9 3.58E-04 C-C-4.9 -1.40E-04
H-O-5 -3.28E-05 H-F-5 -8.20E-04 C-C-5 -2.23E-04

H-O-5.1 -1.69E-04 H-F-5.1 -3.44E-04 C-C-5.1 -1.63E-05
H-O-5.2 1.47E-04 H-F-5.2 -4.80E-06 C-C-5.2 -3.31E-04
H-O-5.3 -5.30E-05 H-F-5.3 -6.12E-04 C-C-5.3 4.27E-04
H-O-5.4 1.76E-04 H-F-5.4 3.26E-04 C-C-5.4 -5.71E-05
H-O-5.5 -1.27E-04 H-F-5.5 -7.06E-04 C-C-5.5 1.29E-04
H-O-5.6 2.19E-04 H-F-5.6 -4.32E-04 C-C-5.6 -2.88E-05
H-O-5.7 -6.82E-05 H-F-5.7 -2.22E-04 C-C-5.7 5.82E-05
H-O-5.8 3.07E-04 H-F-5.8 6.56E-04 C-C-5.8 -1.90E-04
H-O-5.9 3.02E-04 H-F-5.9 -8.33E-04 C-C-5.9 2.74E-04
H-O-6 -4.75E-05 H-F-6 -1.26E-05 C-C-6 1.87E-04

H-O-6.1 -2.02E-04 H-F-6.1 -9.23E-04 C-C-6.1 3.36E-04
H-O-6.2 9.65E-05 H-F-6.2 1.83E-04 C-C-6.2 3.21E-04
H-O-6.3 1.01E-04 H-F-6.3 -6.29E-04 C-C-6.3 1.16E-04
H-O-6.4 -6.47E-06 H-F-6.4 1.12E-03 C-C-6.4 -1.47E-04
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H-O-6.5 -6.51E-05 H-F-6.5 4.97E-04 C-C-6.5 6.80E-05
H-O-6.6 3.76E-04 H-F-6.6 -8.70E-04 C-C-6.6 1.02E-04
H-O-6.7 4.76E-05 H-F-6.7 7.72E-05 C-C-6.7 4.19E-04
H-O-6.8 1.39E-05 H-F-6.8 -2.31E-05 C-C-6.8 5.93E-04
H-O-6.9 1.88E-04 H-F-6.9 1.34E-03 C-C-6.9 -4.97E-04
H-O-7 4.50E-04 H-F-7 -1.57E-03 C-C-7 -7.05E-05

H-O-7.1 -1.55E-04 H-F-7.1 3.95E-04 C-C-7.1 4.27E-05
H-O-7.2 7.82E-05 H-F-7.2 -1.03E-03 C-C-7.2 -6.07E-04
H-O-7.3 4.67E-04 H-F-7.3 3.45E-04 C-C-7.3 7.93E-05
H-O-7.4 -3.51E-04 H-F-7.4 -1.86E-03 C-C-7.4 -5.27E-04
H-O-7.5 -2.80E-04 H-F-7.5 1.15E-03 C-C-7.5 -8.91E-05
H-O-7.6 2.67E-04 H-F-7.6 -1.97E-03 C-C-7.6 1.18E-03
H-O-7.7 -4.19E-04 H-F-7.7 -4.84E-04 C-C-7.7 2.06E-03
H-O-7.8 -3.18E-04 H-F-7.8 1.01E-03 C-C-7.8 6.74E-04
H-O-7.9 -5.40E-04 H-F-7.9 -1.67E-03 C-C-7.9 9.28E-04
H-O-8 -1.36E-04 H-F-8 -1.36E-03 C-C-8 3.78E-03

H-O-8.1 1.02E-03 H-F-8.1 2.15E-03 C-C-8.1 -3.36E-03
H-O-8.2 5.91E-04 H-F-8.2 5.23E-04 C-C-8.2 -1.96E-03
H-O-8.3 -1.58E-03 H-F-8.3 3.88E-06 C-C-8.3 9.30E-04
H-O-8.4 1.65E-03 H-F-8.4 2.42E-03 C-C-8.4 -1.61E-03
C-N-0.5 – C-O-0.5 – C-F-0.5 –
C-N-0.6 – C-O-0.6 – C-F-0.6 –
C-N-0.7 – C-O-0.7 – C-F-0.7 –
C-N-0.8 – C-O-0.8 – C-F-0.8 –
C-N-0.9 – C-O-0.9 – C-F-0.9 –
C-N-1 – C-O-1 – C-F-1 –

C-N-1.1 -8.10E-02 C-O-1.1 -6.79E-02 C-F-1.1 –
C-N-1.2 -5.95E-02 C-O-1.2 -5.38E-02 C-F-1.2 –
C-N-1.3 -3.87E-02 C-O-1.3 -2.63E-02 C-F-1.3 -2.85E+01
C-N-1.4 -2.13E-02 C-O-1.4 -1.06E-02 C-F-1.4 -2.85E+01
C-N-1.5 -6.70E-03 C-O-1.5 3.79E-03 C-F-1.5 -2.85E+01
C-N-1.6 1.28E-02 C-O-1.6 3.77E-02 C-F-1.6 –
C-N-1.7 – C-O-1.7 – C-F-1.7 –
C-N-1.8 9.00E-03 C-O-1.8 – C-F-1.8 –
C-N-1.9 -3.45E-02 C-O-1.9 9.59E-03 C-F-1.9 –
C-N-2 -1.54E-02 C-O-2 -1.04E-02 C-F-2 –

C-N-2.1 -1.33E-02 C-O-2.1 -8.80E-03 C-F-2.1 –
C-N-2.2 -9.87E-03 C-O-2.2 -6.61E-03 C-F-2.2 -2.31E-03
C-N-2.3 -7.27E-03 C-O-2.3 -5.86E-03 C-F-2.3 -3.65E-03
C-N-2.4 -6.85E-03 C-O-2.4 -4.44E-03 C-F-2.4 -1.52E-03
C-N-2.5 -5.10E-03 C-O-2.5 -3.88E-03 C-F-2.5 8.26E-04
C-N-2.6 -3.88E-03 C-O-2.6 -2.38E-03 C-F-2.6 -5.00E-05
C-N-2.7 -1.58E-03 C-O-2.7 9.62E-06 C-F-2.7 -8.04E-05
C-N-2.8 -8.43E-04 C-O-2.8 -3.87E-04 C-F-2.8 1.92E-03
C-N-2.9 -1.11E-03 C-O-2.9 -1.71E-04 C-F-2.9 1.77E-03
C-N-3 -4.21E-04 C-O-3 -5.37E-04 C-F-3 7.16E-04

C-N-3.1 -8.10E-04 C-O-3.1 -2.34E-04 C-F-3.1 5.32E-04
C-N-3.2 -7.62E-04 C-O-3.2 -1.10E-04 C-F-3.2 1.59E-03
C-N-3.3 -5.53E-04 C-O-3.3 1.14E-04 C-F-3.3 -3.54E-04
C-N-3.4 -1.45E-04 C-O-3.4 3.41E-05 C-F-3.4 1.66E-03
C-N-3.5 -3.38E-04 C-O-3.5 -3.85E-04 C-F-3.5 7.11E-04
C-N-3.6 -3.91E-06 C-O-3.6 -1.90E-04 C-F-3.6 -4.11E-04
C-N-3.7 3.31E-04 C-O-3.7 4.05E-04 C-F-3.7 -4.76E-04
C-N-3.8 -1.63E-05 C-O-3.8 4.32E-04 C-F-3.8 -6.72E-04
C-N-3.9 6.89E-05 C-O-3.9 2.46E-04 C-F-3.9 2.39E-04
C-N-4 -1.17E-05 C-O-4 1.47E-04 C-F-4 -1.39E-04
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C-N-4.1 1.46E-04 C-O-4.1 -9.63E-05 C-F-4.1 -1.08E-03
C-N-4.2 -3.54E-05 C-O-4.2 -2.01E-04 C-F-4.2 1.54E-05
C-N-4.3 -1.88E-04 C-O-4.3 9.65E-05 C-F-4.3 4.90E-04
C-N-4.4 4.59E-05 C-O-4.4 1.10E-04 C-F-4.4 3.50E-04
C-N-4.5 -5.21E-05 C-O-4.5 9.29E-06 C-F-4.5 1.17E-04
C-N-4.6 3.35E-04 C-O-4.6 -3.51E-04 C-F-4.6 -7.98E-05
C-N-4.7 3.49E-05 C-O-4.7 7.05E-05 C-F-4.7 -4.39E-04
C-N-4.8 2.16E-04 C-O-4.8 -1.87E-04 C-F-4.8 1.08E-03
C-N-4.9 -4.68E-04 C-O-4.9 3.51E-05 C-F-4.9 -7.90E-04
C-N-5 2.61E-04 C-O-5 1.61E-04 C-F-5 5.46E-04

C-N-5.1 5.16E-04 C-O-5.1 -9.10E-05 C-F-5.1 3.89E-04
C-N-5.2 9.98E-04 C-O-5.2 -6.39E-05 C-F-5.2 1.61E-04
C-N-5.3 6.77E-05 C-O-5.3 -5.74E-05 C-F-5.3 1.51E-03
C-N-5.4 4.43E-04 C-O-5.4 -4.53E-05 C-F-5.4 9.03E-04
C-N-5.5 3.91E-04 C-O-5.5 -1.93E-04 C-F-5.5 -4.11E-04
C-N-5.6 2.53E-04 C-O-5.6 1.89E-04 C-F-5.6 1.14E-04
C-N-5.7 5.26E-04 C-O-5.7 -3.41E-04 C-F-5.7 7.56E-05
C-N-5.8 4.76E-04 C-O-5.8 2.39E-04 C-F-5.8 7.18E-04
C-N-5.9 4.41E-04 C-O-5.9 2.05E-04 C-F-5.9 -2.18E-03
C-N-6 9.62E-04 C-O-6 2.55E-04 C-F-6 1.78E-03

C-N-6.1 6.27E-04 C-O-6.1 5.23E-04 C-F-6.1 -1.25E-04
C-N-6.2 9.43E-04 C-O-6.2 -6.25E-04 C-F-6.2 5.84E-04
C-N-6.3 8.75E-04 C-O-6.3 3.59E-05 C-F-6.3 6.07E-04
C-N-6.4 3.05E-04 C-O-6.4 -5.57E-04 C-F-6.4 -1.91E-03
C-N-6.5 -6.03E-04 C-O-6.5 -4.82E-04 C-F-6.5 3.08E-03
C-N-6.6 1.13E-03 C-O-6.6 3.40E-05 C-F-6.6 -8.44E-04
C-N-6.7 -4.69E-04 C-O-6.7 1.93E-04 C-F-6.7 2.17E-03
C-N-6.8 7.72E-04 C-O-6.8 2.97E-04 C-F-6.8 -4.20E-04
C-N-6.9 2.10E-04 C-O-6.9 6.75E-04 C-F-6.9 3.20E-03
C-N-7 3.38E-04 C-O-7 -2.11E-04 C-F-7 -6.02E-04

C-N-7.1 -1.53E-04 C-O-7.1 -3.82E-04 C-F-7.1 2.45E-03
C-N-7.2 2.70E-04 C-O-7.2 -2.61E-04 C-F-7.2 -1.17E-03
C-N-7.3 -1.25E-04 C-O-7.3 7.66E-04 C-F-7.3 3.19E-03
C-N-7.4 -1.11E-04 C-O-7.4 1.28E-03 C-F-7.4 -5.42E-04
C-N-7.5 1.41E-03 C-O-7.5 5.00E-04 C-F-7.5 -3.64E-04
C-N-7.6 1.70E-03 C-O-7.6 1.40E-03 C-F-7.6 5.33E-04
C-N-7.7 7.84E-04 C-O-7.7 4.78E-04 C-F-7.7 -3.01E-04
C-N-7.8 -8.38E-04 C-O-7.8 -8.24E-05 C-F-7.8 9.38E-04
C-N-7.9 -1.27E-03 C-O-7.9 -2.47E-03 C-F-7.9 1.34E-03
C-N-8 1.70E-04 C-O-8 -8.58E-04 C-F-8 2.91E-04

C-N-8.1 -1.72E-04 C-O-8.1 1.28E-03 C-F-8.1 -1.68E-03
C-N-8.2 -2.06E-03 C-O-8.2 -1.64E-04 C-F-8.2 -7.54E-03
C-N-8.3 3.66E-03 C-O-8.3 2.96E-03 C-F-8.3 6.37E-03
C-N-8.4 -2.48E-03 C-O-8.4 -3.61E-03 C-F-8.4 3.33E-03
N-N-0.5 – N-O-0.5 – N-F-0.5 –
N-N-0.6 – N-O-0.6 – N-F-0.6 –
N-N-0.7 – N-O-0.7 – N-F-0.7 –
N-N-0.8 – N-O-0.8 – N-F-0.8 –
N-N-0.9 – N-O-0.9 – N-F-0.9 –
N-N-1 – N-O-1 – N-F-1 –

N-N-1.1 1.33E-03 N-O-1.1 – N-F-1.1 –
N-N-1.2 -4.76E-03 N-O-1.2 4.41E-03 N-F-1.2 –
N-N-1.3 2.71E-03 N-O-1.3 3.15E-02 N-F-1.3 –
N-N-1.4 1.24E-02 N-O-1.4 3.27E-02 N-F-1.4 –
N-N-1.5 2.07E-02 N-O-1.5 4.34E-02 N-F-1.5 –
N-N-1.6 – N-O-1.6 – N-F-1.6 –
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N-N-1.7 – N-O-1.7 – N-F-1.7 –
N-N-1.8 – N-O-1.8 – N-F-1.8 –
N-N-1.9 – N-O-1.9 – N-F-1.9 –
N-N-2 1.10E-01 N-O-2 – N-F-2 –

N-N-2.1 -1.39E-02 N-O-2.1 7.17E-04 N-F-2.1 –
N-N-2.2 -1.63E-02 N-O-2.2 -7.09E-03 N-F-2.2 -2.36E-02
N-N-2.3 -1.04E-02 N-O-2.3 -4.32E-03 N-F-2.3 -8.93E-03
N-N-2.4 -8.09E-03 N-O-2.4 -1.97E-03 N-F-2.4 -6.13E-04
N-N-2.5 -6.39E-03 N-O-2.5 3.80E-03 N-F-2.5 -9.93E-04
N-N-2.6 -3.69E-03 N-O-2.6 1.21E-04 N-F-2.6 -3.20E-03
N-N-2.7 -1.48E-03 N-O-2.7 1.35E-04 N-F-2.7 -2.63E-04
N-N-2.8 -2.04E-03 N-O-2.8 -4.60E-04 N-F-2.8 -3.88E-04
N-N-2.9 -3.04E-03 N-O-2.9 -3.48E-04 N-F-2.9 1.14E-03
N-N-3 -2.45E-03 N-O-3 6.48E-05 N-F-3 2.32E-03

N-N-3.1 -2.23E-04 N-O-3.1 6.26E-04 N-F-3.1 9.54E-04
N-N-3.2 -3.24E-04 N-O-3.2 5.04E-04 N-F-3.2 -2.78E-04
N-N-3.3 1.21E-03 N-O-3.3 8.23E-04 N-F-3.3 6.98E-04
N-N-3.4 1.04E-03 N-O-3.4 4.66E-04 N-F-3.4 -1.87E-03
N-N-3.5 7.01E-04 N-O-3.5 3.19E-04 N-F-3.5 7.70E-04
N-N-3.6 6.66E-04 N-O-3.6 4.75E-04 N-F-3.6 -9.50E-04
N-N-3.7 -1.00E-04 N-O-3.7 8.04E-04 N-F-3.7 -2.94E-04
N-N-3.8 1.17E-03 N-O-3.8 1.37E-03 N-F-3.8 -1.93E-03
N-N-3.9 2.15E-04 N-O-3.9 6.66E-04 N-F-3.9 -1.68E-03
N-N-4 -1.22E-04 N-O-4 3.37E-04 N-F-4 8.60E-04

N-N-4.1 -5.39E-04 N-O-4.1 -9.58E-05 N-F-4.1 -2.57E-03
N-N-4.2 -9.32E-04 N-O-4.2 6.23E-04 N-F-4.2 -2.38E-03
N-N-4.3 9.15E-04 N-O-4.3 9.71E-05 N-F-4.3 5.59E-04
N-N-4.4 1.10E-03 N-O-4.4 -3.01E-04 N-F-4.4 -7.39E-04
N-N-4.5 4.96E-04 N-O-4.5 7.44E-04 N-F-4.5 1.70E-03
N-N-4.6 1.04E-03 N-O-4.6 -3.63E-04 N-F-4.6 8.88E-05
N-N-4.7 1.60E-04 N-O-4.7 4.09E-04 N-F-4.7 9.84E-04
N-N-4.8 1.37E-04 N-O-4.8 -2.87E-05 N-F-4.8 -4.35E-04
N-N-4.9 9.10E-04 N-O-4.9 1.72E-04 N-F-4.9 3.05E-03
N-N-5 1.79E-03 N-O-5 3.75E-04 N-F-5 -8.95E-04

N-N-5.1 -1.39E-03 N-O-5.1 -5.33E-04 N-F-5.1 1.51E-04
N-N-5.2 1.44E-03 N-O-5.2 2.84E-05 N-F-5.2 1.78E-03
N-N-5.3 1.03E-03 N-O-5.3 4.02E-04 N-F-5.3 4.08E-03
N-N-5.4 3.25E-04 N-O-5.4 -2.74E-04 N-F-5.4 -2.23E-04
N-N-5.5 -6.18E-05 N-O-5.5 1.43E-03 N-F-5.5 3.74E-04
N-N-5.6 8.62E-04 N-O-5.6 -5.12E-05 N-F-5.6 6.70E-04
N-N-5.7 4.01E-04 N-O-5.7 2.30E-04 N-F-5.7 3.51E-03
N-N-5.8 -3.06E-04 N-O-5.8 6.15E-04 N-F-5.8 -4.31E-03
N-N-5.9 1.11E-03 N-O-5.9 3.08E-04 N-F-5.9 -8.84E-04
N-N-6 9.53E-04 N-O-6 3.64E-04 N-F-6 3.14E-03

N-N-6.1 2.28E-04 N-O-6.1 -1.08E-04 N-F-6.1 -2.97E-03
N-N-6.2 7.84E-04 N-O-6.2 1.34E-03 N-F-6.2 1.18E-03
N-N-6.3 2.95E-04 N-O-6.3 -3.66E-04 N-F-6.3 1.08E-03
N-N-6.4 -6.98E-04 N-O-6.4 -2.55E-04 N-F-6.4 -4.01E-03
N-N-6.5 -3.16E-04 N-O-6.5 1.20E-03 N-F-6.5 6.10E-03
N-N-6.6 -1.19E-03 N-O-6.6 -4.30E-04 N-F-6.6 -5.09E-03
N-N-6.7 4.80E-04 N-O-6.7 1.83E-04 N-F-6.7 3.25E-03
N-N-6.8 9.18E-04 N-O-6.8 1.12E-03 N-F-6.8 -1.10E-02
N-N-6.9 -2.01E-03 N-O-6.9 6.05E-04 N-F-6.9 5.64E-03
N-N-7 1.12E-03 N-O-7 -5.98E-04 N-F-7 -2.36E-03

N-N-7.1 -3.71E-03 N-O-7.1 1.39E-03 N-F-7.1 -1.90E-03
N-N-7.2 3.82E-03 N-O-7.2 -9.45E-04 N-F-7.2 3.33E-03
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N-N-7.3 -8.59E-03 N-O-7.3 -1.11E-03 N-F-7.3 3.35E-03
N-N-7.4 -3.72E-03 N-O-7.4 -5.25E-04 N-F-7.4 -6.89E-03
N-N-7.5 5.53E-03 N-O-7.5 -1.80E-03 N-F-7.5 6.68E-03
N-N-7.6 8.75E-04 N-O-7.6 1.89E-03 N-F-7.6 -3.01E-03
N-N-7.7 1.59E-03 N-O-7.7 -1.19E-03 N-F-7.7 -5.94E-04
N-N-7.8 1.68E-02 N-O-7.8 1.00E-03 N-F-7.8 5.27E-03
N-N-7.9 -1.27E-02 N-O-7.9 -2.06E-03 N-F-7.9 -2.26E-02
N-N-8 1.81E-03 N-O-8 -9.68E-04 N-F-8 -2.35E-02

N-N-8.1 -4.35E-03 N-O-8.1 3.42E-03 N-F-8.1 -1.15E-03
N-N-8.2 6.41E-03 N-O-8.2 -4.01E-03 N-F-8.2 7.48E-03
N-N-8.3 – N-O-8.3 4.93E-03 N-F-8.3 -5.14E-03
N-N-8.4 – N-O-8.4 -1.65E-02 N-F-8.4 –
O-O-0.5 – O-F-0.5 – F-F-0.5 –
O-O-0.6 – O-F-0.6 – F-F-0.6 –
O-O-0.7 – O-F-0.7 – F-F-0.7 –
O-O-0.8 – O-F-0.8 – F-F-0.8 –
O-O-0.9 – O-F-0.9 – F-F-0.9 –
O-O-1 – O-F-1 – F-F-1 –

O-O-1.1 – O-F-1.1 – F-F-1.1 –
O-O-1.2 – O-F-1.2 – F-F-1.2 –
O-O-1.3 – O-F-1.3 – F-F-1.3 –
O-O-1.4 – O-F-1.4 – F-F-1.4 –
O-O-1.5 – O-F-1.5 – F-F-1.5 –
O-O-1.6 – O-F-1.6 – F-F-1.6 –
O-O-1.7 – O-F-1.7 – F-F-1.7 –
O-O-1.8 – O-F-1.8 – F-F-1.8 –
O-O-1.9 – O-F-1.9 – F-F-1.9 –
O-O-2 – O-F-2 – F-F-2 –

O-O-2.1 7.14E-03 O-F-2.1 1.58E-03 F-F-2.1 -2.70E-02
O-O-2.2 -7.36E-03 O-F-2.2 -2.35E-02 F-F-2.2 -2.17E-02
O-O-2.3 -4.93E-03 O-F-2.3 – F-F-2.3 -5.33E-02
O-O-2.4 9.92E-04 O-F-2.4 – F-F-2.4 –
O-O-2.5 5.63E-03 O-F-2.5 5.90E-04 F-F-2.5 2.43E-02
O-O-2.6 6.20E-04 O-F-2.6 9.74E-03 F-F-2.6 4.69E-03
O-O-2.7 1.39E-03 O-F-2.7 5.52E-03 F-F-2.7 4.21E-03
O-O-2.8 7.50E-04 O-F-2.8 3.79E-03 F-F-2.8 7.70E-03
O-O-2.9 1.46E-03 O-F-2.9 3.20E-03 F-F-2.9 1.28E-03
O-O-3 -3.13E-07 O-F-3 5.88E-04 F-F-3 3.35E-03

O-O-3.1 1.22E-04 O-F-3.1 1.79E-03 F-F-3.1 -7.61E-04
O-O-3.2 4.05E-04 O-F-3.2 1.56E-03 F-F-3.2 7.22E-03
O-O-3.3 5.20E-04 O-F-3.3 -1.38E-04 F-F-3.3 3.68E-03
O-O-3.4 1.43E-03 O-F-3.4 -3.73E-03 F-F-3.4 2.31E-03
O-O-3.5 4.89E-04 O-F-3.5 1.19E-03 F-F-3.5 5.29E-03
O-O-3.6 8.89E-04 O-F-3.6 5.26E-04 F-F-3.6 7.01E-04
O-O-3.7 8.77E-04 O-F-3.7 -1.10E-03 F-F-3.7 6.64E-04
O-O-3.8 1.95E-05 O-F-3.8 -6.88E-04 F-F-3.8 1.97E-03
O-O-3.9 -6.39E-07 O-F-3.9 7.87E-04 F-F-3.9 -3.45E-03
O-O-4 5.12E-04 O-F-4 7.96E-04 F-F-4 4.28E-04

O-O-4.1 -3.80E-04 O-F-4.1 -3.76E-04 F-F-4.1 1.74E-03
O-O-4.2 -8.81E-05 O-F-4.2 4.70E-04 F-F-4.2 -2.07E-03
O-O-4.3 5.18E-04 O-F-4.3 -1.90E-03 F-F-4.3 -1.44E-03
O-O-4.4 -2.05E-04 O-F-4.4 -1.48E-03 F-F-4.4 -3.60E-03
O-O-4.5 3.83E-04 O-F-4.5 1.44E-03 F-F-4.5 2.83E-03
O-O-4.6 -5.88E-04 O-F-4.6 -3.25E-04 F-F-4.6 1.68E-03
O-O-4.7 -1.50E-04 O-F-4.7 1.21E-03 F-F-4.7 -5.40E-04
O-O-4.8 -4.04E-04 O-F-4.8 -5.40E-04 F-F-4.8 -2.46E-04
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O-O-4.9 3.43E-04 O-F-4.9 8.28E-04 F-F-4.9 -3.88E-03
O-O-5 -4.78E-04 O-F-5 -1.82E-03 F-F-5 -5.16E-04

O-O-5.1 7.18E-05 O-F-5.1 1.34E-03 F-F-5.1 9.19E-04
O-O-5.2 1.30E-04 O-F-5.2 1.49E-03 F-F-5.2 2.54E-03
O-O-5.3 1.88E-04 O-F-5.3 1.29E-03 F-F-5.3 -5.13E-04
O-O-5.4 8.49E-04 O-F-5.4 -2.80E-03 F-F-5.4 6.69E-03
O-O-5.5 4.47E-05 O-F-5.5 1.90E-03 F-F-5.5 -1.92E-03
O-O-5.6 -1.35E-03 O-F-5.6 -2.40E-03 F-F-5.6 -5.80E-04
O-O-5.7 -5.80E-04 O-F-5.7 -9.52E-04 F-F-5.7 4.87E-03
O-O-5.8 -9.68E-05 O-F-5.8 -2.20E-03 F-F-5.8 -3.37E-03
O-O-5.9 -1.95E-04 O-F-5.9 2.31E-03 F-F-5.9 1.09E-03
O-O-6 -3.70E-04 O-F-6 6.69E-05 F-F-6 -2.01E-03

O-O-6.1 -2.97E-04 O-F-6.1 -8.18E-04 F-F-6.1 -4.34E-03
O-O-6.2 9.79E-04 O-F-6.2 6.86E-04 F-F-6.2 2.29E-02
O-O-6.3 -1.92E-03 O-F-6.3 -9.20E-04 F-F-6.3 -5.68E-03
O-O-6.4 -2.90E-04 O-F-6.4 -9.54E-04 F-F-6.4 2.67E-03
O-O-6.5 -5.69E-05 O-F-6.5 -4.56E-03 F-F-6.5 -4.59E-03
O-O-6.6 -2.91E-04 O-F-6.6 8.87E-04 F-F-6.6 9.61E-03
O-O-6.7 4.96E-04 O-F-6.7 -1.25E-02 F-F-6.7 3.67E-03
O-O-6.8 -1.31E-03 O-F-6.8 1.53E-03 F-F-6.8 -1.06E-02
O-O-6.9 -1.60E-04 O-F-6.9 4.06E-03 F-F-6.9 1.37E-02
O-O-7 -2.33E-04 O-F-7 2.20E-03 F-F-7 -2.08E-03

O-O-7.1 -1.04E-03 O-F-7.1 -5.68E-03 F-F-7.1 –
O-O-7.2 8.75E-04 O-F-7.2 1.83E-03 F-F-7.2 –
O-O-7.3 1.32E-03 O-F-7.3 4.54E-03 F-F-7.3 –
O-O-7.4 1.11E-03 O-F-7.4 3.30E-04 F-F-7.4 –
O-O-7.5 -1.73E-02 O-F-7.5 6.30E-03 F-F-7.5 –
O-O-7.6 1.31E-02 O-F-7.6 3.10E-03 F-F-7.6 –
O-O-7.7 -3.72E-03 O-F-7.7 2.69E-04 F-F-7.7 -5.29E-03
O-O-7.8 -9.04E-04 O-F-7.8 -7.59E-03 F-F-7.8 -1.85E-03
O-O-7.9 – O-F-7.9 4.35E-03 F-F-7.9 –
O-O-8 4.73E-03 O-F-8 4.05E-03 F-F-8 -4.18E-03

O-O-8.1 1.49E-03 O-F-8.1 -8.18E-03 F-F-8.1 -4.75E-02
O-O-8.2 -1.18E-02 O-F-8.2 1.74E-02 F-F-8.2 -4.19E-03
O-O-8.3 – O-F-8.3 -1.91E-03 F-F-8.3 -2.95E-03
O-O-8.4 – O-F-8.4 6.29E-04 F-F-8.4 –

Table S 3: Angular arcs coefficients of function found from the “QM9 and GDB” dataset calculated with ωb-dgd theory
with SR=0.1 angstroms portioned and AA=5 degrees for 1% test

Angle
Elements Coefficient Angle

Elements Coefficient Angle
Elements Coefficient

H-H-H-0 – H-H-C-0 – H-H-N-0 –
H-H-H-5 4.66E-04 H-H-C-5 -9.81E-04 H-H-N-5 1.49E-03

H-H-H-10 -3.79E-04 H-H-C-10 -4.88E-04 H-H-N-10 3.24E-04
H-H-H-15 4.64E-05 H-H-C-15 -4.71E-04 H-H-N-15 2.89E-04
H-H-H-20 -1.14E-04 H-H-C-20 -4.89E-04 H-H-N-20 3.73E-04
H-H-H-25 -3.06E-04 H-H-C-25 -4.08E-04 H-H-N-25 5.65E-04
H-H-H-30 -4.25E-04 H-H-C-30 -3.94E-05 H-H-N-30 7.58E-04
H-H-H-35 -1.89E-04 H-H-C-35 -3.78E-04 H-H-N-35 1.63E-04
H-H-H-40 -2.65E-04 H-H-C-40 -2.93E-04 H-H-N-40 2.40E-04
H-H-H-45 -2.93E-04 H-H-C-45 -5.04E-05 H-H-N-45 -1.14E-04
H-H-H-50 -1.55E-04 H-H-C-50 1.80E-05 H-H-N-50 -2.81E-05
H-H-H-55 9.95E-05 H-H-C-55 3.75E-05 H-H-N-55 -2.60E-05
H-H-H-60 1.38E-04 H-H-C-60 -1.35E-04 H-H-N-60 -2.61E-06
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H-H-H-65 1.93E-04 H-H-C-65 -1.87E-04 H-H-N-65 1.14E-05
H-H-H-70 1.99E-04 H-H-C-70 4.03E-06 H-H-N-70 2.87E-04
H-H-H-75 1.56E-04 H-H-C-75 -4.14E-06 H-H-N-75 5.09E-05
H-H-H-80 5.26E-05 H-H-C-80 -1.81E-04 H-H-N-80 2.14E-04
H-H-H-85 2.89E-04 H-H-C-85 -4.49E-05 H-H-N-85 9.97E-04
H-H-H-90 2.09E-04 H-H-C-90 -9.60E-05 H-H-N-90 2.11E-04
H-H-H-95 6.81E-04 H-H-C-95 6.55E-05 H-H-N-95 1.64E-04
H-H-H-100 1.13E-05 H-H-C-100 -2.69E-04 H-H-N-100 3.58E-04
H-H-H-105 -7.37E-04 H-H-C-105 -6.99E-04 H-H-N-105 7.08E-05
H-H-H-110 – H-H-C-110 -2.98E-04 H-H-N-110 -1.94E-03
H-H-H-115 – H-H-C-115 -7.96E-04 H-H-N-115 -1.41E-03
H-H-H-120 – H-H-C-120 -8.56E-04 H-H-N-120 8.56E-05
H-H-H-125 – H-H-C-125 -5.72E-04 H-H-N-125 7.43E-04
H-H-H-130 – H-H-C-130 -2.18E-04 H-H-N-130 -8.60E-04
H-H-H-135 – H-H-C-135 2.73E-04 H-H-N-135 -3.01E-03
H-H-H-140 – H-H-C-140 1.58E-03 H-H-N-140 -4.12E-03
H-H-H-145 – H-H-C-145 6.81E-03 H-H-N-145 3.08E-03
H-H-H-150 – H-H-C-150 – H-H-N-150 -7.09E-03
H-H-H-155 – H-H-C-155 – H-H-N-155 –
H-H-H-160 – H-H-C-160 – H-H-N-160 –
H-H-H-165 – H-H-C-165 – H-H-N-165 –
H-H-H-170 – H-H-C-170 – H-H-N-170 –
H-H-H-175 – H-H-C-175 – H-H-N-175 –
H-H-H-180 – H-H-C-180 – H-H-N-180 –

H-H-O-0 – H-H-F-0 – H-C-H-0 –
H-H-O-5 1.68E-03 H-H-F-5 -2.58E-02 H-C-H-5 1.30E-03

H-H-O-10 1.26E-03 H-H-F-10 1.40E-03 H-C-H-10 -8.92E-03
H-H-O-15 5.04E-04 H-H-F-15 5.23E-03 H-C-H-15 2.21E-03
H-H-O-20 -6.89E-05 H-H-F-20 -8.45E-04 H-C-H-20 -7.58E-04
H-H-O-25 1.45E-04 H-H-F-25 -1.68E-03 H-C-H-25 -1.90E-04
H-H-O-30 2.24E-04 H-H-F-30 -9.66E-04 H-C-H-30 1.40E-03
H-H-O-35 -2.31E-04 H-H-F-35 -8.77E-04 H-C-H-35 1.32E-03
H-H-O-40 -2.52E-05 H-H-F-40 -1.34E-03 H-C-H-40 1.45E-03
H-H-O-45 -5.84E-04 H-H-F-45 -2.66E-04 H-C-H-45 6.69E-04
H-H-O-50 -2.52E-04 H-H-F-50 -1.46E-03 H-C-H-50 8.15E-04
H-H-O-55 -3.66E-04 H-H-F-55 -1.34E-03 H-C-H-55 7.52E-04
H-H-O-60 -2.65E-04 H-H-F-60 -2.19E-03 H-C-H-60 8.77E-04
H-H-O-65 3.16E-06 H-H-F-65 6.60E-04 H-C-H-65 6.88E-04
H-H-O-70 -7.37E-05 H-H-F-70 1.48E-03 H-C-H-70 6.25E-04
H-H-O-75 -1.99E-04 H-H-F-75 -1.39E-03 H-C-H-75 7.01E-04
H-H-O-80 6.34E-05 H-H-F-80 -3.79E-04 H-C-H-80 7.16E-04
H-H-O-85 2.74E-04 H-H-F-85 1.64E-03 H-C-H-85 5.81E-04
H-H-O-90 -2.02E-04 H-H-F-90 -4.76E-04 H-C-H-90 2.10E-05
H-H-O-95 -5.37E-05 H-H-F-95 2.61E-02 H-C-H-95 -4.67E-05
H-H-O-100 -2.09E-04 H-H-F-100 – H-C-H-100 -1.52E-04
H-H-O-105 -1.40E-03 H-H-F-105 – H-C-H-105 2.63E-05
H-H-O-110 -1.82E-03 H-H-F-110 – H-C-H-110 -3.15E-04
H-H-O-115 -3.51E-03 H-H-F-115 – H-C-H-115 -3.28E-04
H-H-O-120 -1.27E-03 H-H-F-120 – H-C-H-120 -8.00E-04
H-H-O-125 -1.88E-03 H-H-F-125 – H-C-H-125 -5.12E-04
H-H-O-130 1.65E-03 H-H-F-130 – H-C-H-130 -4.13E-04
H-H-O-135 -1.76E-03 H-H-F-135 – H-C-H-135 -2.44E-03
H-H-O-140 2.35E-03 H-H-F-140 – H-C-H-140 -2.69E-03
H-H-O-145 1.49E-02 H-H-F-145 – H-C-H-145 1.03E-03
H-H-O-150 -1.42E-03 H-H-F-150 – H-C-H-150 -1.90E-04
H-H-O-155 -1.29E-02 H-H-F-155 – H-C-H-155 -5.83E-03
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H-H-O-160 – H-H-F-160 – H-C-H-160 –
H-H-O-165 – H-H-F-165 – H-C-H-165 –
H-H-O-170 – H-H-F-170 – H-C-H-170 –
H-H-O-175 – H-H-F-175 – H-C-H-175 –
H-H-O-180 – H-H-F-180 – H-C-H-180 –

H-C-C-0 – H-C-N-0 – H-C-O-0 –
H-C-C-5 -1.62E-03 H-C-N-5 -7.74E-04 H-C-O-5 -7.45E-04

H-C-C-10 -9.70E-04 H-C-N-10 -9.59E-04 H-C-O-10 -1.04E-03
H-C-C-15 -8.96E-04 H-C-N-15 -3.79E-04 H-C-O-15 -1.39E-03
H-C-C-20 -9.95E-04 H-C-N-20 -1.37E-04 H-C-O-20 -1.33E-03
H-C-C-25 -9.28E-04 H-C-N-25 -1.28E-05 H-C-O-25 -1.90E-03
H-C-C-30 -7.12E-04 H-C-N-30 -2.39E-04 H-C-O-30 -1.38E-03
H-C-C-35 -6.96E-04 H-C-N-35 -2.07E-04 H-C-O-35 -7.33E-04
H-C-C-40 -6.00E-04 H-C-N-40 1.48E-04 H-C-O-40 -1.10E-03
H-C-C-45 -4.73E-04 H-C-N-45 1.49E-04 H-C-O-45 -7.44E-04
H-C-C-50 -3.72E-04 H-C-N-50 4.28E-05 H-C-O-50 -4.51E-04
H-C-C-55 -1.40E-04 H-C-N-55 6.35E-04 H-C-O-55 -1.27E-04
H-C-C-60 3.36E-04 H-C-N-60 7.04E-04 H-C-O-60 -4.22E-05
H-C-C-65 6.94E-04 H-C-N-65 5.74E-04 H-C-O-65 3.74E-04
H-C-C-70 1.02E-03 H-C-N-70 8.20E-04 H-C-O-70 7.53E-04
H-C-C-75 9.43E-04 H-C-N-75 7.20E-04 H-C-O-75 9.79E-04
H-C-C-80 3.36E-04 H-C-N-80 9.31E-04 H-C-O-80 5.69E-04
H-C-C-85 3.97E-04 H-C-N-85 8.77E-04 H-C-O-85 -5.85E-05
H-C-C-90 2.91E-04 H-C-N-90 4.60E-04 H-C-O-90 -6.20E-05
H-C-C-95 4.21E-04 H-C-N-95 5.13E-04 H-C-O-95 -7.93E-04
H-C-C-100 3.88E-04 H-C-N-100 4.69E-04 H-C-O-100 -7.76E-04
H-C-C-105 3.64E-04 H-C-N-105 5.94E-05 H-C-O-105 -9.48E-04
H-C-C-110 7.81E-05 H-C-N-110 -2.52E-04 H-C-O-110 -9.60E-04
H-C-C-115 -6.88E-06 H-C-N-115 -2.78E-04 H-C-O-115 -6.26E-04
H-C-C-120 -2.53E-04 H-C-N-120 -4.67E-04 H-C-O-120 -1.73E-04
H-C-C-125 -4.17E-04 H-C-N-125 -2.15E-05 H-C-O-125 1.05E-03
H-C-C-130 -3.63E-04 H-C-N-130 -3.76E-04 H-C-O-130 1.21E-03
H-C-C-135 -2.95E-05 H-C-N-135 -3.22E-03 H-C-O-135 1.04E-03
H-C-C-140 6.09E-04 H-C-N-140 -5.86E-03 H-C-O-140 3.20E-03
H-C-C-145 8.57E-04 H-C-N-145 – H-C-O-145 –
H-C-C-150 4.42E-05 H-C-N-150 – H-C-O-150 –
H-C-C-155 6.78E-04 H-C-N-155 – H-C-O-155 1.99E-03
H-C-C-160 -1.15E-03 H-C-N-160 – H-C-O-160 –
H-C-C-165 1.01E-03 H-C-N-165 – H-C-O-165 –
H-C-C-170 -4.08E-03 H-C-N-170 – H-C-O-170 –
H-C-C-175 -2.97E-03 H-C-N-175 – H-C-O-175 –
H-C-C-180 -1.76E-03 H-C-N-180 – H-C-O-180 –

H-C-F-0 – H-N-H-0 – H-N-C-0 –
H-C-F-5 – H-N-H-5 – H-N-C-5 -1.37E-03

H-C-F-10 – H-N-H-10 3.51E-03 H-N-C-10 -1.01E-04
H-C-F-15 – H-N-H-15 3.56E-03 H-N-C-15 -3.09E-04
H-C-F-20 1.47E-03 H-N-H-20 1.84E-04 H-N-C-20 -5.79E-04
H-C-F-25 – H-N-H-25 -1.71E-03 H-N-C-25 -3.78E-04
H-C-F-30 2.29E-02 H-N-H-30 1.46E-03 H-N-C-30 -6.69E-04
H-C-F-35 1.16E-02 H-N-H-35 1.48E-03 H-N-C-35 -8.45E-04
H-C-F-40 2.95E-05 H-N-H-40 6.39E-04 H-N-C-40 -1.05E-03
H-C-F-45 -1.84E-04 H-N-H-45 -4.46E-04 H-N-C-45 -6.88E-04
H-C-F-50 -2.16E-03 H-N-H-50 5.62E-05 H-N-C-50 -6.21E-04
H-C-F-55 -8.92E-04 H-N-H-55 1.31E-03 H-N-C-55 -3.09E-04
H-C-F-60 -1.38E-03 H-N-H-60 -3.31E-04 H-N-C-60 3.20E-04
H-C-F-65 -8.66E-04 H-N-H-65 -3.35E-06 H-N-C-65 5.71E-04
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H-C-F-70 -7.79E-04 H-N-H-70 2.51E-04 H-N-C-70 9.60E-04
H-C-F-75 -1.09E-03 H-N-H-75 -2.02E-04 H-N-C-75 7.91E-05
H-C-F-80 -1.02E-03 H-N-H-80 -4.91E-04 H-N-C-80 6.39E-04
H-C-F-85 -4.49E-04 H-N-H-85 4.03E-04 H-N-C-85 6.99E-04
H-C-F-90 1.75E-04 H-N-H-90 1.98E-04 H-N-C-90 3.45E-05
H-C-F-95 -1.81E-05 H-N-H-95 3.05E-04 H-N-C-95 1.39E-04
H-C-F-100 -3.30E-04 H-N-H-100 -1.24E-04 H-N-C-100 1.77E-04
H-C-F-105 -1.47E-03 H-N-H-105 6.07E-04 H-N-C-105 1.31E-03
H-C-F-110 -8.06E-04 H-N-H-110 5.28E-04 H-N-C-110 7.33E-04
H-C-F-115 -1.91E-05 H-N-H-115 7.54E-04 H-N-C-115 6.24E-04
H-C-F-120 – H-N-H-120 3.69E-04 H-N-C-120 1.01E-03
H-C-F-125 – H-N-H-125 2.32E-04 H-N-C-125 1.39E-03
H-C-F-130 – H-N-H-130 1.59E-03 H-N-C-130 2.00E-03
H-C-F-135 – H-N-H-135 2.63E-03 H-N-C-135 1.68E-03
H-C-F-140 – H-N-H-140 1.94E-03 H-N-C-140 -1.10E-03
H-C-F-145 – H-N-H-145 8.23E-04 H-N-C-145 1.27E-03
H-C-F-150 – H-N-H-150 6.98E-04 H-N-C-150 1.96E-03
H-C-F-155 – H-N-H-155 -6.35E-03 H-N-C-155 9.04E-03
H-C-F-160 – H-N-H-160 2.15E-04 H-N-C-160 –
H-C-F-165 – H-N-H-165 – H-N-C-165 –
H-C-F-170 – H-N-H-170 – H-N-C-170 –
H-C-F-175 – H-N-H-175 – H-N-C-175 –
H-C-F-180 – H-N-H-180 – H-N-C-180 –
H-N-N-0 – H-N-O-0 – H-N-F-0 –
H-N-N-5 -2.28E-03 H-N-O-5 -8.91E-03 H-N-F-5 –

H-N-N-10 -3.14E-03 H-N-O-10 -4.26E-04 H-N-F-10 –
H-N-N-15 -1.40E-04 H-N-O-15 -2.90E-03 H-N-F-15 –
H-N-N-20 -1.08E-03 H-N-O-20 -1.47E-04 H-N-F-20 -4.35E-03
H-N-N-25 -1.21E-03 H-N-O-25 -1.12E-03 H-N-F-25 –
H-N-N-30 -1.52E-03 H-N-O-30 -2.29E-04 H-N-F-30 -6.32E-03
H-N-N-35 -1.14E-03 H-N-O-35 9.34E-04 H-N-F-35 -3.20E-03
H-N-N-40 -7.42E-04 H-N-O-40 -5.45E-04 H-N-F-40 2.27E-03
H-N-N-45 1.21E-04 H-N-O-45 -7.39E-04 H-N-F-45 -2.47E-02
H-N-N-50 -1.01E-03 H-N-O-50 -1.05E-03 H-N-F-50 -5.88E-03
H-N-N-55 1.50E-04 H-N-O-55 -4.27E-05 H-N-F-55 4.53E-03
H-N-N-60 1.58E-03 H-N-O-60 1.02E-04 H-N-F-60 1.66E-03
H-N-N-65 -5.46E-04 H-N-O-65 -2.23E-04 H-N-F-65 -1.41E-03
H-N-N-70 2.59E-03 H-N-O-70 -2.94E-04 H-N-F-70 -8.81E-03
H-N-N-75 3.07E-03 H-N-O-75 -2.38E-04 H-N-F-75 4.08E-03
H-N-N-80 -1.25E-03 H-N-O-80 -5.62E-04 H-N-F-80 -1.85E-03
H-N-N-85 6.28E-04 H-N-O-85 -8.23E-04 H-N-F-85 -1.85E-02
H-N-N-90 6.33E-04 H-N-O-90 -2.30E-03 H-N-F-90 -6.12E-03
H-N-N-95 1.61E-03 H-N-O-95 -4.39E-03 H-N-F-95 -3.93E-02
H-N-N-100 1.87E-04 H-N-O-100 -2.36E-03 H-N-F-100 –
H-N-N-105 1.76E-03 H-N-O-105 -3.18E-03 H-N-F-105 –
H-N-N-110 -1.12E-03 H-N-O-110 4.61E-04 H-N-F-110 –
H-N-N-115 -5.35E-04 H-N-O-115 5.82E-04 H-N-F-115 –
H-N-N-120 1.42E-03 H-N-O-120 -1.05E-03 H-N-F-120 –
H-N-N-125 1.54E-03 H-N-O-125 – H-N-F-125 –
H-N-N-130 – H-N-O-130 – H-N-F-130 –
H-N-N-135 – H-N-O-135 – H-N-F-135 –
H-N-N-140 – H-N-O-140 – H-N-F-140 –
H-N-N-145 – H-N-O-145 – H-N-F-145 –
H-N-N-150 – H-N-O-150 – H-N-F-150 –
H-N-N-155 – H-N-O-155 – H-N-F-155 –
H-N-N-160 – H-N-O-160 – H-N-F-160 –
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H-N-N-165 – H-N-O-165 – H-N-F-165 –
H-N-N-170 – H-N-O-170 – H-N-F-170 –
H-N-N-175 – H-N-O-175 – H-N-F-175 –
H-N-N-180 – H-N-O-180 – H-N-F-180 –

H-O-H-0 – H-O-C-0 – H-O-N-0 –
H-O-H-5 3.73E-03 H-O-C-5 -1.02E-03 H-O-N-5 -2.23E-03

H-O-H-10 -2.70E-03 H-O-C-10 -4.06E-04 H-O-N-10 1.20E-04
H-O-H-15 2.83E-03 H-O-C-15 -3.68E-04 H-O-N-15 -1.23E-03
H-O-H-20 5.54E-04 H-O-C-20 -1.58E-04 H-O-N-20 2.22E-03
H-O-H-25 -4.33E-04 H-O-C-25 -2.52E-04 H-O-N-25 2.36E-04
H-O-H-30 -6.69E-04 H-O-C-30 -3.36E-04 H-O-N-30 -1.18E-03
H-O-H-35 -1.40E-03 H-O-C-35 -1.10E-03 H-O-N-35 1.88E-03
H-O-H-40 -2.49E-03 H-O-C-40 -1.41E-03 H-O-N-40 6.89E-04
H-O-H-45 -1.78E-03 H-O-C-45 -1.30E-03 H-O-N-45 1.95E-03
H-O-H-50 -7.60E-04 H-O-C-50 -6.75E-04 H-O-N-50 1.13E-03
H-O-H-55 5.56E-04 H-O-C-55 -6.91E-04 H-O-N-55 1.96E-03
H-O-H-60 -2.75E-05 H-O-C-60 -1.33E-04 H-O-N-60 1.05E-03
H-O-H-65 -3.96E-04 H-O-C-65 4.27E-05 H-O-N-65 2.25E-03
H-O-H-70 -5.51E-05 H-O-C-70 -6.24E-05 H-O-N-70 6.77E-04
H-O-H-75 -2.57E-04 H-O-C-75 -1.17E-04 H-O-N-75 -6.80E-04
H-O-H-80 -1.52E-04 H-O-C-80 -3.07E-04 H-O-N-80 2.11E-04
H-O-H-85 3.96E-04 H-O-C-85 -4.70E-04 H-O-N-85 -1.03E-03
H-O-H-90 5.44E-04 H-O-C-90 -1.98E-05 H-O-N-90 -2.61E-03
H-O-H-95 -2.37E-05 H-O-C-95 -6.97E-04 H-O-N-95 -5.82E-04
H-O-H-100 5.15E-04 H-O-C-100 -6.32E-04 H-O-N-100 -5.97E-03
H-O-H-105 1.01E-03 H-O-C-105 -3.67E-04 H-O-N-105 -8.84E-03
H-O-H-110 -6.04E-04 H-O-C-110 4.98E-04 H-O-N-110 -4.84E-03
H-O-H-115 3.55E-03 H-O-C-115 -6.15E-05 H-O-N-115 -5.89E-03
H-O-H-120 2.63E-04 H-O-C-120 6.93E-04 H-O-N-120 –
H-O-H-125 -1.58E-03 H-O-C-125 -7.09E-04 H-O-N-125 –
H-O-H-130 1.50E-03 H-O-C-130 -2.90E-03 H-O-N-130 –
H-O-H-135 1.41E-04 H-O-C-135 2.28E-03 H-O-N-135 –
H-O-H-140 6.48E-04 H-O-C-140 4.18E-04 H-O-N-140 –
H-O-H-145 9.96E-04 H-O-C-145 – H-O-N-145 –
H-O-H-150 -1.16E-03 H-O-C-150 – H-O-N-150 –
H-O-H-155 3.32E-03 H-O-C-155 – H-O-N-155 –
H-O-H-160 7.99E-03 H-O-C-160 – H-O-N-160 –
H-O-H-165 4.86E-03 H-O-C-165 – H-O-N-165 –
H-O-H-170 – H-O-C-170 – H-O-N-170 –
H-O-H-175 – H-O-C-175 – H-O-N-175 –
H-O-H-180 – H-O-C-180 – H-O-N-180 –

H-O-O-0 – H-O-F-0 – H-F-H-0 –
H-O-O-5 1.45E-04 H-O-F-5 – H-F-H-5 –

H-O-O-10 1.04E-02 H-O-F-10 – H-F-H-10 3.54E-02
H-O-O-15 -2.74E-03 H-O-F-15 – H-F-H-15 -6.97E-03
H-O-O-20 -3.81E-03 H-O-F-20 3.20E-03 H-F-H-20 -1.32E-02
H-O-O-25 1.23E-03 H-O-F-25 – H-F-H-25 -1.29E-02
H-O-O-30 -5.56E-03 H-O-F-30 5.12E-03 H-F-H-30 -1.36E-03
H-O-O-35 -2.94E-03 H-O-F-35 -3.46E-03 H-F-H-35 -4.77E-03
H-O-O-40 -2.37E-04 H-O-F-40 3.85E-03 H-F-H-40 1.94E-03
H-O-O-45 1.96E-03 H-O-F-45 -1.53E-02 H-F-H-45 2.76E-03
H-O-O-50 7.05E-04 H-O-F-50 6.03E-03 H-F-H-50 1.07E-02
H-O-O-55 -1.28E-03 H-O-F-55 3.02E-03 H-F-H-55 1.02E-02
H-O-O-60 -1.06E-03 H-O-F-60 -8.51E-03 H-F-H-60 6.57E-03
H-O-O-65 -1.35E-03 H-O-F-65 -4.62E-02 H-F-H-65 1.54E-03
H-O-O-70 -1.68E-03 H-O-F-70 -1.42E-02 H-F-H-70 5.19E-03
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H-O-O-75 2.52E-03 H-O-F-75 -3.77E-03 H-F-H-75 2.68E-03
H-O-O-80 1.37E-03 H-O-F-80 5.13E-03 H-F-H-80 7.45E-03
H-O-O-85 -5.80E-04 H-O-F-85 -2.83E-02 H-F-H-85 -4.90E-04
H-O-O-90 -5.24E-03 H-O-F-90 3.85E-03 H-F-H-90 –
H-O-O-95 -3.09E-03 H-O-F-95 – H-F-H-95 –
H-O-O-100 1.02E-02 H-O-F-100 -8.56E-03 H-F-H-100 –
H-O-O-105 -8.74E-03 H-O-F-105 – H-F-H-105 –
H-O-O-110 – H-O-F-110 – H-F-H-110 –
H-O-O-115 – H-O-F-115 – H-F-H-115 –
H-O-O-120 – H-O-F-120 – H-F-H-120 –
H-O-O-125 – H-O-F-125 – H-F-H-125 –
H-O-O-130 – H-O-F-130 – H-F-H-130 –
H-O-O-135 9.91E-04 H-O-F-135 – H-F-H-135 –
H-O-O-140 – H-O-F-140 – H-F-H-140 –
H-O-O-145 – H-O-F-145 – H-F-H-145 –
H-O-O-150 – H-O-F-150 – H-F-H-150 –
H-O-O-155 – H-O-F-155 – H-F-H-155 –
H-O-O-160 – H-O-F-160 – H-F-H-160 –
H-O-O-165 – H-O-F-165 – H-F-H-165 –
H-O-O-170 – H-O-F-170 – H-F-H-170 –
H-O-O-175 – H-O-F-175 – H-F-H-175 –
H-O-O-180 – H-O-F-180 – H-F-H-180 –

H-F-C-0 – H-F-N-0 – H-F-O-0 –
H-F-C-5 -9.97E-04 H-F-N-5 – H-F-O-5 –

H-F-C-10 -1.84E-03 H-F-N-10 – H-F-O-10 3.20E-03
H-F-C-15 -2.43E-05 H-F-N-15 – H-F-O-15 -1.60E-02
H-F-C-20 1.25E-03 H-F-N-20 -1.69E-02 H-F-O-20 1.30E-02
H-F-C-25 -1.50E-03 H-F-N-25 – H-F-O-25 –
H-F-C-30 -7.57E-04 H-F-N-30 – H-F-O-30 2.04E-02
H-F-C-35 7.26E-04 H-F-N-35 1.79E-02 H-F-O-35 -5.14E-03
H-F-C-40 8.83E-04 H-F-N-40 – H-F-O-40 1.30E-02
H-F-C-45 4.29E-04 H-F-N-45 2.07E-02 H-F-O-45 -4.44E-03
H-F-C-50 1.10E-03 H-F-N-50 2.60E-02 H-F-O-50 -7.00E-02
H-F-C-55 1.09E-03 H-F-N-55 3.80E-02 H-F-O-55 -9.80E-03
H-F-C-60 9.04E-04 H-F-N-60 – H-F-O-60 -1.41E-02
H-F-C-65 1.90E-03 H-F-N-65 -6.40E-02 H-F-O-65 5.53E-03
H-F-C-70 -7.61E-05 H-F-N-70 -2.54E-03 H-F-O-70 4.40E-02
H-F-C-75 -5.11E-04 H-F-N-75 3.45E-03 H-F-O-75 8.58E-03
H-F-C-80 4.85E-04 H-F-N-80 – H-F-O-80 –
H-F-C-85 -1.24E-03 H-F-N-85 – H-F-O-85 –
H-F-C-90 -1.72E-03 H-F-N-90 – H-F-O-90 –
H-F-C-95 5.62E-04 H-F-N-95 – H-F-O-95 –
H-F-C-100 8.37E-04 H-F-N-100 – H-F-O-100 –
H-F-C-105 1.72E-03 H-F-N-105 – H-F-O-105 –
H-F-C-110 2.21E-02 H-F-N-110 – H-F-O-110 –
H-F-C-115 7.46E-03 H-F-N-115 – H-F-O-115 –
H-F-C-120 6.39E-03 H-F-N-120 – H-F-O-120 –
H-F-C-125 – H-F-N-125 – H-F-O-125 –
H-F-C-130 – H-F-N-130 – H-F-O-130 –
H-F-C-135 – H-F-N-135 – H-F-O-135 –
H-F-C-140 – H-F-N-140 – H-F-O-140 –
H-F-C-145 – H-F-N-145 – H-F-O-145 –
H-F-C-150 – H-F-N-150 – H-F-O-150 –
H-F-C-155 – H-F-N-155 – H-F-O-155 –
H-F-C-160 – H-F-N-160 – H-F-O-160 –
H-F-C-165 – H-F-N-165 – H-F-O-165 –
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H-F-C-170 – H-F-N-170 – H-F-O-170 –
H-F-C-175 – H-F-N-175 – H-F-O-175 –
H-F-C-180 – H-F-N-180 – H-F-O-180 –

H-F-F-0 – C-H-C-0 -8.28E-03 C-H-N-0 –
H-F-F-5 – C-H-C-5 -3.64E-03 C-H-N-5 -1.03E-03

H-F-F-10 – C-H-C-10 -3.31E-03 C-H-N-10 2.15E-04
H-F-F-15 – C-H-C-15 -2.79E-03 C-H-N-15 -4.16E-04
H-F-F-20 – C-H-C-20 -1.96E-03 C-H-N-20 -2.45E-04
H-F-F-25 – C-H-C-25 -1.31E-03 C-H-N-25 2.75E-04
H-F-F-30 9.98E-03 C-H-C-30 -1.41E-03 C-H-N-30 9.71E-05
H-F-F-35 -2.49E-03 C-H-C-35 -1.22E-03 C-H-N-35 3.57E-04
H-F-F-40 – C-H-C-40 -1.05E-03 C-H-N-40 7.24E-05
H-F-F-45 -4.81E-03 C-H-C-45 -7.89E-04 C-H-N-45 1.91E-04
H-F-F-50 -1.34E-02 C-H-C-50 -1.94E-04 C-H-N-50 -9.34E-05
H-F-F-55 – C-H-C-55 -1.17E-04 C-H-N-55 -8.15E-04
H-F-F-60 2.30E-03 C-H-C-60 2.90E-04 C-H-N-60 -2.98E-04
H-F-F-65 6.54E-03 C-H-C-65 3.68E-04 C-H-N-65 -2.03E-04
H-F-F-70 -5.74E-03 C-H-C-70 6.71E-04 C-H-N-70 -2.48E-04
H-F-F-75 – C-H-C-75 8.53E-04 C-H-N-75 -8.93E-04
H-F-F-80 – C-H-C-80 2.11E-03 C-H-N-80 -3.44E-04
H-F-F-85 – C-H-C-85 2.11E-03 C-H-N-85 -2.60E-04
H-F-F-90 – C-H-C-90 1.83E-03 C-H-N-90 -4.20E-04
H-F-F-95 – C-H-C-95 1.67E-03 C-H-N-95 8.72E-04
H-F-F-100 – C-H-C-100 6.71E-04 C-H-N-100 3.76E-04
H-F-F-105 – C-H-C-105 2.75E-03 C-H-N-105 5.26E-04
H-F-F-110 – C-H-C-110 8.34E-03 C-H-N-110 6.75E-04
H-F-F-115 – C-H-C-115 -7.64E-04 C-H-N-115 -1.47E-03
H-F-F-120 – C-H-C-120 1.09E-02 C-H-N-120 -2.36E-03
H-F-F-125 – C-H-C-125 1.54E-02 C-H-N-125 1.20E-02
H-F-F-130 – C-H-C-130 – C-H-N-130 –
H-F-F-135 – C-H-C-135 – C-H-N-135 –
H-F-F-140 – C-H-C-140 – C-H-N-140 –
H-F-F-145 – C-H-C-145 – C-H-N-145 –
H-F-F-150 – C-H-C-150 – C-H-N-150 –
H-F-F-155 – C-H-C-155 – C-H-N-155 –
H-F-F-160 – C-H-C-160 – C-H-N-160 –
H-F-F-165 – C-H-C-165 – C-H-N-165 –
H-F-F-170 – C-H-C-170 – C-H-N-170 –
H-F-F-175 – C-H-C-175 – C-H-N-175 –
H-F-F-180 – C-H-C-180 – C-H-N-180 –
C-H-O-0 – C-H-F-0 – C-C-C-0 –
C-H-O-5 -6.36E-04 C-H-F-5 -2.22E-03 C-C-C-5 -4.87E-03

C-H-O-10 -8.03E-04 C-H-F-10 -5.65E-03 C-C-C-10 -3.72E-03
C-H-O-15 -1.18E-03 C-H-F-15 -4.42E-03 C-C-C-15 -2.77E-03
C-H-O-20 1.27E-04 C-H-F-20 -5.34E-04 C-C-C-20 -2.13E-03
C-H-O-25 8.26E-04 C-H-F-25 -1.54E-03 C-C-C-25 -1.89E-03
C-H-O-30 2.80E-04 C-H-F-30 -2.28E-03 C-C-C-30 -1.72E-03
C-H-O-35 7.05E-05 C-H-F-35 -2.74E-03 C-C-C-35 -1.80E-03
C-H-O-40 -4.43E-04 C-H-F-40 -1.68E-03 C-C-C-40 -1.39E-03
C-H-O-45 -2.39E-04 C-H-F-45 -3.70E-03 C-C-C-45 -8.29E-04
C-H-O-50 -2.40E-04 C-H-F-50 -1.31E-03 C-C-C-50 -5.07E-04
C-H-O-55 1.15E-04 C-H-F-55 -1.30E-03 C-C-C-55 3.61E-04
C-H-O-60 8.34E-04 C-H-F-60 -1.44E-03 C-C-C-60 1.77E-03
C-H-O-65 9.68E-04 C-H-F-65 -1.72E-03 C-C-C-65 1.96E-03
C-H-O-70 6.19E-04 C-H-F-70 -1.96E-03 C-C-C-70 1.14E-03
C-H-O-75 1.96E-04 C-H-F-75 -1.01E-03 C-C-C-75 1.86E-03
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C-H-O-80 2.60E-04 C-H-F-80 4.72E-04 C-C-C-80 1.32E-03
C-H-O-85 1.10E-04 C-H-F-85 2.72E-04 C-C-C-85 1.27E-03
C-H-O-90 -2.91E-04 C-H-F-90 2.77E-03 C-C-C-90 5.79E-04
C-H-O-95 -5.68E-04 C-H-F-95 2.27E-04 C-C-C-95 7.60E-04
C-H-O-100 -6.12E-05 C-H-F-100 6.31E-04 C-C-C-100 1.17E-03
C-H-O-105 -1.35E-04 C-H-F-105 5.41E-03 C-C-C-105 9.18E-04
C-H-O-110 -1.73E-03 C-H-F-110 4.99E-03 C-C-C-110 5.69E-04
C-H-O-115 2.24E-03 C-H-F-115 2.56E-03 C-C-C-115 6.52E-04
C-H-O-120 1.13E-03 C-H-F-120 -3.07E-03 C-C-C-120 1.28E-04
C-H-O-125 4.36E-03 C-H-F-125 -8.55E-03 C-C-C-125 -1.20E-04
C-H-O-130 -9.46E-04 C-H-F-130 – C-C-C-130 -3.51E-04
C-H-O-135 – C-H-F-135 – C-C-C-135 -3.79E-04
C-H-O-140 – C-H-F-140 – C-C-C-140 -4.98E-06
C-H-O-145 – C-H-F-145 – C-C-C-145 -6.66E-04
C-H-O-150 – C-H-F-150 – C-C-C-150 6.58E-04
C-H-O-155 – C-H-F-155 – C-C-C-155 -8.58E-05
C-H-O-160 – C-H-F-160 – C-C-C-160 3.34E-03
C-H-O-165 – C-H-F-165 – C-C-C-165 -2.20E-03
C-H-O-170 – C-H-F-170 – C-C-C-170 –
C-H-O-175 – C-H-F-175 – C-C-C-175 2.19E-03
C-H-O-180 – C-H-F-180 – C-C-C-180 -7.32E-05

C-C-N-0 – C-C-O-0 – C-C-F-0 –
C-C-N-5 -9.88E-04 C-C-O-5 -2.44E-03 C-C-F-5 -4.52E-03

C-C-N-10 -1.18E-03 C-C-O-10 -9.82E-04 C-C-F-10 -4.42E-03
C-C-N-15 -6.99E-04 C-C-O-15 -1.52E-03 C-C-F-15 -2.76E-03
C-C-N-20 -7.79E-04 C-C-O-20 -7.49E-04 C-C-F-20 -3.15E-03
C-C-N-25 -7.43E-04 C-C-O-25 -4.52E-04 C-C-F-25 -4.36E-03
C-C-N-30 -3.10E-04 C-C-O-30 -4.18E-04 C-C-F-30 -4.66E-03
C-C-N-35 -8.32E-04 C-C-O-35 -3.25E-04 C-C-F-35 -4.41E-03
C-C-N-40 -1.05E-03 C-C-O-40 -3.35E-04 C-C-F-40 -3.12E-03
C-C-N-45 -6.01E-04 C-C-O-45 -1.02E-03 C-C-F-45 -4.09E-03
C-C-N-50 -3.46E-04 C-C-O-50 -7.94E-04 C-C-F-50 -2.97E-03
C-C-N-55 4.49E-04 C-C-O-55 -7.65E-04 C-C-F-55 -2.77E-03
C-C-N-60 5.32E-04 C-C-O-60 -2.33E-04 C-C-F-60 -2.43E-03
C-C-N-65 3.24E-04 C-C-O-65 -7.95E-04 C-C-F-65 -1.80E-03
C-C-N-70 8.41E-04 C-C-O-70 4.96E-04 C-C-F-70 7.55E-04
C-C-N-75 9.21E-04 C-C-O-75 9.11E-04 C-C-F-75 1.51E-04
C-C-N-80 8.56E-04 C-C-O-80 1.32E-03 C-C-F-80 3.58E-04
C-C-N-85 1.58E-03 C-C-O-85 1.01E-03 C-C-F-85 1.84E-03
C-C-N-90 4.99E-04 C-C-O-90 2.95E-04 C-C-F-90 2.96E-03
C-C-N-95 -3.84E-05 C-C-O-95 -6.80E-05 C-C-F-95 2.30E-03
C-C-N-100 6.75E-04 C-C-O-100 7.35E-05 C-C-F-100 2.09E-03
C-C-N-105 1.36E-03 C-C-O-105 -1.04E-03 C-C-F-105 -2.93E-03
C-C-N-110 9.94E-04 C-C-O-110 -1.23E-03 C-C-F-110 -2.87E-03
C-C-N-115 8.10E-04 C-C-O-115 -1.10E-03 C-C-F-115 -3.24E-03
C-C-N-120 7.35E-04 C-C-O-120 -8.26E-04 C-C-F-120 -2.79E-03
C-C-N-125 5.14E-04 C-C-O-125 -5.32E-04 C-C-F-125 -2.54E-03
C-C-N-130 5.43E-04 C-C-O-130 -7.18E-04 C-C-F-130 -1.61E-03
C-C-N-135 7.99E-04 C-C-O-135 -8.90E-04 C-C-F-135 3.15E-03
C-C-N-140 1.58E-04 C-C-O-140 -9.80E-04 C-C-F-140 –
C-C-N-145 1.51E-04 C-C-O-145 1.00E-03 C-C-F-145 –
C-C-N-150 -3.63E-04 C-C-O-150 6.67E-03 C-C-F-150 –
C-C-N-155 2.17E-03 C-C-O-155 1.28E-02 C-C-F-155 –
C-C-N-160 5.26E-03 C-C-O-160 – C-C-F-160 –
C-C-N-165 – C-C-O-165 – C-C-F-165 –
C-C-N-170 1.23E-03 C-C-O-170 – C-C-F-170 –
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C-C-N-175 -6.62E-03 C-C-O-175 – C-C-F-175 –
C-C-N-180 -1.04E-02 C-C-O-180 – C-C-F-180 –

C-N-C-0 – C-N-N-0 – C-N-O-0 –
C-N-C-5 -1.45E-03 C-N-N-5 2.97E-05 C-N-O-5 -6.73E-05

C-N-C-10 -2.26E-03 C-N-N-10 9.24E-04 C-N-O-10 6.10E-04
C-N-C-15 -1.29E-03 C-N-N-15 -2.83E-04 C-N-O-15 -1.51E-03
C-N-C-20 -1.39E-03 C-N-N-20 -3.99E-04 C-N-O-20 4.56E-05
C-N-C-25 -1.61E-03 C-N-N-25 -1.07E-03 C-N-O-25 -7.32E-04
C-N-C-30 -1.86E-03 C-N-N-30 -1.58E-03 C-N-O-30 -3.60E-04
C-N-C-35 -1.67E-03 C-N-N-35 -1.43E-03 C-N-O-35 -4.68E-04
C-N-C-40 -1.24E-03 C-N-N-40 -1.01E-03 C-N-O-40 -3.18E-04
C-N-C-45 -1.57E-04 C-N-N-45 -8.54E-04 C-N-O-45 -1.61E-03
C-N-C-50 2.31E-05 C-N-N-50 -2.11E-03 C-N-O-50 -2.41E-03
C-N-C-55 -3.42E-04 C-N-N-55 -4.87E-04 C-N-O-55 -1.69E-03
C-N-C-60 9.11E-05 C-N-N-60 5.30E-04 C-N-O-60 -9.26E-04
C-N-C-65 1.16E-04 C-N-N-65 4.92E-04 C-N-O-65 -1.55E-03
C-N-C-70 -4.53E-04 C-N-N-70 5.93E-04 C-N-O-70 -1.63E-03
C-N-C-75 1.29E-03 C-N-N-75 6.31E-04 C-N-O-75 -5.57E-04
C-N-C-80 8.59E-04 C-N-N-80 -2.53E-05 C-N-O-80 9.45E-05
C-N-C-85 4.57E-04 C-N-N-85 -1.22E-03 C-N-O-85 8.27E-04
C-N-C-90 8.71E-05 C-N-N-90 6.95E-04 C-N-O-90 -2.28E-03
C-N-C-95 6.06E-04 C-N-N-95 -5.80E-04 C-N-O-95 -9.89E-04
C-N-C-100 1.00E-03 C-N-N-100 -5.81E-05 C-N-O-100 -1.42E-03
C-N-C-105 1.79E-03 C-N-N-105 8.72E-04 C-N-O-105 -1.22E-03
C-N-C-110 1.40E-03 C-N-N-110 2.56E-03 C-N-O-110 -1.97E-03
C-N-C-115 1.89E-03 C-N-N-115 2.83E-03 C-N-O-115 6.21E-04
C-N-C-120 2.88E-03 C-N-N-120 2.55E-03 C-N-O-120 1.32E-03
C-N-C-125 3.86E-03 C-N-N-125 4.50E-03 C-N-O-125 2.27E-03
C-N-C-130 4.16E-03 C-N-N-130 5.50E-03 C-N-O-130 2.70E-03
C-N-C-135 4.32E-03 C-N-N-135 1.06E-02 C-N-O-135 –
C-N-C-140 5.39E-03 C-N-N-140 6.88E-03 C-N-O-140 –
C-N-C-145 6.05E-03 C-N-N-145 9.91E-03 C-N-O-145 –
C-N-C-150 5.27E-03 C-N-N-150 9.16E-03 C-N-O-150 –
C-N-C-155 3.74E-03 C-N-N-155 0.00E+00 C-N-O-155 –
C-N-C-160 6.00E-03 C-N-N-160 – C-N-O-160 –
C-N-C-165 – C-N-N-165 – C-N-O-165 –
C-N-C-170 – C-N-N-170 – C-N-O-170 –
C-N-C-175 – C-N-N-175 – C-N-O-175 –
C-N-C-180 – C-N-N-180 6.66E-03 C-N-O-180 –

C-N-F-0 – C-O-C-0 – C-O-N-0 –
C-N-F-5 -2.61E-03 C-O-C-5 -2.81E-03 C-O-N-5 -8.70E-04

C-N-F-10 2.59E-03 C-O-C-10 -2.58E-03 C-O-N-10 -9.75E-05
C-N-F-15 3.35E-03 C-O-C-15 -2.55E-03 C-O-N-15 -1.45E-03
C-N-F-20 1.89E-03 C-O-C-20 -1.87E-03 C-O-N-20 -6.36E-04
C-N-F-25 -9.33E-04 C-O-C-25 -1.30E-03 C-O-N-25 -7.86E-04
C-N-F-30 3.71E-03 C-O-C-30 -1.48E-03 C-O-N-30 -9.17E-04
C-N-F-35 -4.13E-03 C-O-C-35 -1.06E-03 C-O-N-35 -2.00E-04
C-N-F-40 2.96E-03 C-O-C-40 -1.20E-03 C-O-N-40 1.04E-03
C-N-F-45 -4.44E-03 C-O-C-45 -3.33E-04 C-O-N-45 -2.81E-04
C-N-F-50 -2.62E-03 C-O-C-50 -3.57E-04 C-O-N-50 -1.72E-03
C-N-F-55 -2.59E-03 C-O-C-55 6.57E-05 C-O-N-55 -1.18E-03
C-N-F-60 -2.16E-03 C-O-C-60 3.89E-04 C-O-N-60 -4.78E-04
C-N-F-65 -4.59E-04 C-O-C-65 1.07E-03 C-O-N-65 3.93E-04
C-N-F-70 2.12E-03 C-O-C-70 2.93E-04 C-O-N-70 9.35E-04
C-N-F-75 -1.36E-02 C-O-C-75 2.66E-04 C-O-N-75 -2.46E-03
C-N-F-80 -6.52E-03 C-O-C-80 8.77E-04 C-O-N-80 -1.29E-03
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C-N-F-85 -7.09E-03 C-O-C-85 2.20E-03 C-O-N-85 1.63E-03
C-N-F-90 – C-O-C-90 5.64E-04 C-O-N-90 1.93E-03
C-N-F-95 – C-O-C-95 -3.27E-04 C-O-N-95 -8.37E-04
C-N-F-100 – C-O-C-100 1.20E-03 C-O-N-100 -1.50E-03
C-N-F-105 – C-O-C-105 3.15E-03 C-O-N-105 -3.17E-03
C-N-F-110 – C-O-C-110 2.80E-03 C-O-N-110 -5.16E-03
C-N-F-115 – C-O-C-115 3.31E-03 C-O-N-115 -4.29E-03
C-N-F-120 – C-O-C-120 4.72E-03 C-O-N-120 3.93E-04
C-N-F-125 – C-O-C-125 6.30E-03 C-O-N-125 6.15E-04
C-N-F-130 – C-O-C-130 7.62E-03 C-O-N-130 –
C-N-F-135 – C-O-C-135 – C-O-N-135 –
C-N-F-140 – C-O-C-140 – C-O-N-140 –
C-N-F-145 – C-O-C-145 – C-O-N-145 –
C-N-F-150 – C-O-C-150 – C-O-N-150 –
C-N-F-155 – C-O-C-155 – C-O-N-155 –
C-N-F-160 – C-O-C-160 – C-O-N-160 –
C-N-F-165 – C-O-C-165 – C-O-N-165 –
C-N-F-170 – C-O-C-170 – C-O-N-170 –
C-N-F-175 – C-O-C-175 – C-O-N-175 –
C-N-F-180 – C-O-C-180 – C-O-N-180 –
C-O-O-0 7.48E-03 C-O-F-0 – C-F-C-0 –
C-O-O-5 -1.67E-03 C-O-F-5 -8.10E-03 C-F-C-5 -2.69E-03

C-O-O-10 -7.52E-04 C-O-F-10 -1.77E-03 C-F-C-10 -3.17E-03
C-O-O-15 -1.76E-03 C-O-F-15 -3.48E-03 C-F-C-15 -1.19E-03
C-O-O-20 -5.41E-04 C-O-F-20 2.19E-03 C-F-C-20 -1.47E-03
C-O-O-25 -5.49E-04 C-O-F-25 -3.54E-03 C-F-C-25 -1.83E-03
C-O-O-30 -4.49E-04 C-O-F-30 -1.22E-03 C-F-C-30 -2.42E-04
C-O-O-35 -6.97E-04 C-O-F-35 -5.31E-03 C-F-C-35 -1.06E-03
C-O-O-40 -1.88E-03 C-O-F-40 -3.86E-03 C-F-C-40 -3.88E-04
C-O-O-45 -6.72E-04 C-O-F-45 -2.10E-03 C-F-C-45 -1.09E-03
C-O-O-50 -1.52E-03 C-O-F-50 -5.29E-03 C-F-C-50 -9.92E-06
C-O-O-55 -4.97E-04 C-O-F-55 -2.14E-03 C-F-C-55 1.19E-03
C-O-O-60 -1.45E-03 C-O-F-60 -2.38E-03 C-F-C-60 5.70E-05
C-O-O-65 -3.36E-04 C-O-F-65 -1.33E-03 C-F-C-65 -4.12E-04
C-O-O-70 -4.04E-05 C-O-F-70 -1.64E-03 C-F-C-70 2.65E-04
C-O-O-75 3.43E-05 C-O-F-75 -1.24E-03 C-F-C-75 4.22E-03
C-O-O-80 -6.49E-04 C-O-F-80 1.43E-03 C-F-C-80 4.95E-04
C-O-O-85 -7.61E-04 C-O-F-85 -3.75E-03 C-F-C-85 -2.77E-02
C-O-O-90 -1.32E-03 C-O-F-90 1.28E-01 C-F-C-90 -6.69E-03
C-O-O-95 -1.01E-03 C-O-F-95 4.45E-02 C-F-C-95 –
C-O-O-100 -2.13E-03 C-O-F-100 – C-F-C-100 –
C-O-O-105 2.45E-03 C-O-F-105 – C-F-C-105 –
C-O-O-110 2.93E-03 C-O-F-110 – C-F-C-110 –
C-O-O-115 – C-O-F-115 – C-F-C-115 –
C-O-O-120 – C-O-F-120 – C-F-C-120 –
C-O-O-125 – C-O-F-125 – C-F-C-125 –
C-O-O-130 – C-O-F-130 – C-F-C-130 –
C-O-O-135 – C-O-F-135 – C-F-C-135 –
C-O-O-140 – C-O-F-140 – C-F-C-140 –
C-O-O-145 – C-O-F-145 – C-F-C-145 –
C-O-O-150 – C-O-F-150 – C-F-C-150 –
C-O-O-155 – C-O-F-155 – C-F-C-155 –
C-O-O-160 – C-O-F-160 – C-F-C-160 –
C-O-O-165 – C-O-F-165 – C-F-C-165 –
C-O-O-170 – C-O-F-170 – C-F-C-170 –
C-O-O-175 – C-O-F-175 – C-F-C-175 –
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C-O-O-180 – C-O-F-180 – C-F-C-180 –
C-F-N-0 – C-F-O-0 – C-F-F-0 –
C-F-N-5 3.56E-03 C-F-O-5 -7.95E-04 C-F-F-5 4.37E-03

C-F-N-10 2.78E-03 C-F-O-10 1.21E-03 C-F-F-10 -2.80E-03
C-F-N-15 -5.27E-03 C-F-O-15 -2.03E-05 C-F-F-15 3.74E-03
C-F-N-20 -6.99E-04 C-F-O-20 -2.02E-03 C-F-F-20 2.90E-03
C-F-N-25 -2.68E-03 C-F-O-25 -2.14E-03 C-F-F-25 -9.73E-03
C-F-N-30 -1.51E-03 C-F-O-30 9.10E-04 C-F-F-30 -6.79E-03
C-F-N-35 -6.21E-04 C-F-O-35 3.24E-03 C-F-F-35 -2.79E-03
C-F-N-40 -6.34E-04 C-F-O-40 -6.67E-04 C-F-F-40 -3.47E-03
C-F-N-45 -3.13E-03 C-F-O-45 4.88E-03 C-F-F-45 -2.39E-03
C-F-N-50 4.13E-03 C-F-O-50 5.13E-03 C-F-F-50 8.40E-03
C-F-N-55 -1.02E-03 C-F-O-55 6.15E-03 C-F-F-55 -8.06E-03
C-F-N-60 1.29E-03 C-F-O-60 2.42E-03 C-F-F-60 -5.31E-03
C-F-N-65 5.05E-03 C-F-O-65 -7.03E-05 C-F-F-65 -2.39E-04
C-F-N-70 -2.41E-03 C-F-O-70 -2.00E-03 C-F-F-70 -6.03E-03
C-F-N-75 -2.34E-02 C-F-O-75 -5.50E-03 C-F-F-75 -1.12E-03
C-F-N-80 -6.30E-03 C-F-O-80 -4.77E-03 C-F-F-80 -1.43E-02
C-F-N-85 -1.39E-02 C-F-O-85 -4.03E-03 C-F-F-85 -9.08E-03
C-F-N-90 4.98E-03 C-F-O-90 -4.70E-03 C-F-F-90 7.22E-03
C-F-N-95 – C-F-O-95 1.22E-02 C-F-F-95 1.51E-02
C-F-N-100 – C-F-O-100 – C-F-F-100 –
C-F-N-105 – C-F-O-105 – C-F-F-105 –
C-F-N-110 – C-F-O-110 – C-F-F-110 –
C-F-N-115 – C-F-O-115 – C-F-F-115 –
C-F-N-120 – C-F-O-120 – C-F-F-120 –
C-F-N-125 – C-F-O-125 – C-F-F-125 –
C-F-N-130 – C-F-O-130 – C-F-F-130 –
C-F-N-135 – C-F-O-135 – C-F-F-135 –
C-F-N-140 – C-F-O-140 – C-F-F-140 –
C-F-N-145 – C-F-O-145 – C-F-F-145 –
C-F-N-150 – C-F-O-150 – C-F-F-150 –
C-F-N-155 – C-F-O-155 – C-F-F-155 –
C-F-N-160 – C-F-O-160 – C-F-F-160 –
C-F-N-165 – C-F-O-165 – C-F-F-165 –
C-F-N-170 – C-F-O-170 – C-F-F-170 –
C-F-N-175 – C-F-O-175 – C-F-F-175 –
C-F-N-180 – C-F-O-180 – C-F-F-180 –
N-H-N-0 – N-H-O-0 – N-H-F-0 –
N-H-N-5 3.00E-04 N-H-O-5 5.99E-04 N-H-F-5 -8.92E-03

N-H-N-10 2.88E-03 N-H-O-10 -1.25E-03 N-H-F-10 -2.48E-03
N-H-N-15 -2.77E-03 N-H-O-15 -1.19E-03 N-H-F-15 -2.14E-04
N-H-N-20 -8.29E-04 N-H-O-20 -1.47E-04 N-H-F-20 -1.10E-03
N-H-N-25 1.15E-03 N-H-O-25 5.69E-05 N-H-F-25 1.68E-03
N-H-N-30 1.06E-03 N-H-O-30 5.54E-04 N-H-F-30 -9.49E-03
N-H-N-35 1.20E-03 N-H-O-35 -5.45E-04 N-H-F-35 9.74E-03
N-H-N-40 8.55E-04 N-H-O-40 2.74E-03 N-H-F-40 2.91E-02
N-H-N-45 2.06E-03 N-H-O-45 7.71E-04 N-H-F-45 6.20E-03
N-H-N-50 1.36E-03 N-H-O-50 -1.33E-04 N-H-F-50 -1.76E-02
N-H-N-55 2.49E-03 N-H-O-55 8.65E-04 N-H-F-55 2.28E-03
N-H-N-60 -1.89E-03 N-H-O-60 1.02E-03 N-H-F-60 -6.24E-03
N-H-N-65 1.22E-03 N-H-O-65 2.17E-03 N-H-F-65 -5.67E-03
N-H-N-70 -1.45E-04 N-H-O-70 1.53E-03 N-H-F-70 -6.93E-03
N-H-N-75 -1.68E-03 N-H-O-75 -1.32E-03 N-H-F-75 7.61E-03
N-H-N-80 9.49E-04 N-H-O-80 -1.18E-03 N-H-F-80 7.98E-03
N-H-N-85 3.34E-03 N-H-O-85 -1.01E-03 N-H-F-85 -1.44E-03
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N-H-N-90 -7.51E-03 N-H-O-90 -1.28E-03 N-H-F-90 -6.85E-04
N-H-N-95 3.10E-03 N-H-O-95 -1.46E-03 N-H-F-95 2.44E-03
N-H-N-100 1.24E-03 N-H-O-100 -1.48E-03 N-H-F-100 -2.72E-03
N-H-N-105 -6.23E-03 N-H-O-105 -3.32E-03 N-H-F-105 1.72E-04
N-H-N-110 -1.79E-03 N-H-O-110 -2.09E-03 N-H-F-110 -4.51E-05
N-H-N-115 -1.68E-03 N-H-O-115 -2.90E-03 N-H-F-115 -8.12E-03
N-H-N-120 -1.03E-02 N-H-O-120 1.56E-03 N-H-F-120 2.49E-02
N-H-N-125 – N-H-O-125 -2.99E-03 N-H-F-125 1.59E-02
N-H-N-130 -6.35E-03 N-H-O-130 -3.46E-03 N-H-F-130 –
N-H-N-135 -8.40E-03 N-H-O-135 -5.21E-03 N-H-F-135 -3.20E-03
N-H-N-140 -1.28E-02 N-H-O-140 -2.54E-03 N-H-F-140 –
N-H-N-145 -4.83E-03 N-H-O-145 -3.84E-03 N-H-F-145 –
N-H-N-150 -1.37E-03 N-H-O-150 -6.43E-03 N-H-F-150 –
N-H-N-155 -1.74E-02 N-H-O-155 -4.79E-03 N-H-F-155 –
N-H-N-160 – N-H-O-160 -1.09E-02 N-H-F-160 –
N-H-N-165 – N-H-O-165 1.04E-02 N-H-F-165 –
N-H-N-170 – N-H-O-170 – N-H-F-170 –
N-H-N-175 – N-H-O-175 -4.10E-03 N-H-F-175 –
N-H-N-180 – N-H-O-180 – N-H-F-180 –

N-C-N-0 – N-C-O-0 – N-C-F-0 –
N-C-N-5 7.32E-04 N-C-O-5 2.57E-05 N-C-F-5 –

N-C-N-10 2.79E-03 N-C-O-10 1.07E-03 N-C-F-10 -5.45E-03
N-C-N-15 1.68E-04 N-C-O-15 1.32E-03 N-C-F-15 -1.20E-02
N-C-N-20 2.43E-03 N-C-O-20 2.20E-03 N-C-F-20 2.00E-03
N-C-N-25 2.57E-03 N-C-O-25 1.94E-03 N-C-F-25 -7.22E-04
N-C-N-30 2.25E-03 N-C-O-30 2.45E-03 N-C-F-30 2.66E-03
N-C-N-35 3.16E-03 N-C-O-35 2.24E-03 N-C-F-35 -1.07E-04
N-C-N-40 -6.91E-04 N-C-O-40 1.63E-03 N-C-F-40 -8.61E-03
N-C-N-45 6.06E-04 N-C-O-45 -1.00E-03 N-C-F-45 1.12E-02
N-C-N-50 2.96E-03 N-C-O-50 1.43E-03 N-C-F-50 -5.70E-03
N-C-N-55 1.40E-03 N-C-O-55 1.06E-03 N-C-F-55 1.79E-02
N-C-N-60 1.91E-03 N-C-O-60 2.55E-04 N-C-F-60 -3.38E-03
N-C-N-65 -2.61E-04 N-C-O-65 7.02E-04 N-C-F-65 -4.05E-03
N-C-N-70 4.70E-03 N-C-O-70 3.37E-04 N-C-F-70 -3.73E-03
N-C-N-75 4.20E-03 N-C-O-75 4.25E-04 N-C-F-75 1.66E-03
N-C-N-80 2.20E-03 N-C-O-80 1.86E-03 N-C-F-80 7.33E-03
N-C-N-85 -5.21E-04 N-C-O-85 1.14E-03 N-C-F-85 5.01E-03
N-C-N-90 -4.73E-04 N-C-O-90 5.45E-04 N-C-F-90 2.83E-04
N-C-N-95 1.47E-04 N-C-O-95 5.28E-04 N-C-F-95 1.93E-03
N-C-N-100 2.53E-04 N-C-O-100 -7.04E-04 N-C-F-100 1.88E-03
N-C-N-105 5.25E-03 N-C-O-105 1.08E-03 N-C-F-105 -4.32E-03
N-C-N-110 2.35E-03 N-C-O-110 -2.91E-04 N-C-F-110 2.54E-03
N-C-N-115 1.89E-03 N-C-O-115 -1.74E-03 N-C-F-115 1.03E-02
N-C-N-120 1.94E-03 N-C-O-120 -2.41E-03 N-C-F-120 1.17E-02
N-C-N-125 1.15E-03 N-C-O-125 -2.55E-03 N-C-F-125 1.01E-02
N-C-N-130 1.35E-03 N-C-O-130 -2.53E-03 N-C-F-130 –
N-C-N-135 -4.69E-04 N-C-O-135 -3.15E-03 N-C-F-135 –
N-C-N-140 9.53E-04 N-C-O-140 -1.82E-03 N-C-F-140 –
N-C-N-145 7.37E-04 N-C-O-145 4.90E-03 N-C-F-145 –
N-C-N-150 – N-C-O-150 – N-C-F-150 –
N-C-N-155 – N-C-O-155 – N-C-F-155 –
N-C-N-160 – N-C-O-160 – N-C-F-160 –
N-C-N-165 – N-C-O-165 1.39E-02 N-C-F-165 –
N-C-N-170 4.53E-03 N-C-O-170 – N-C-F-170 –
N-C-N-175 – N-C-O-175 – N-C-F-175 –
N-C-N-180 – N-C-O-180 – N-C-F-180 –
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N-N-N-0 – N-N-O-0 – N-N-F-0 –
N-N-N-5 6.39E-03 N-N-O-5 -4.21E-03 N-N-F-5 -1.78E-03

N-N-N-10 8.21E-03 N-N-O-10 3.60E-04 N-N-F-10 -2.59E-03
N-N-N-15 2.46E-04 N-N-O-15 1.57E-03 N-N-F-15 3.77E-03
N-N-N-20 3.76E-03 N-N-O-20 1.44E-03 N-N-F-20 1.53E-02
N-N-N-25 2.04E-03 N-N-O-25 1.55E-03 N-N-F-25 1.27E-02
N-N-N-30 3.53E-03 N-N-O-30 3.28E-03 N-N-F-30 2.33E-03
N-N-N-35 4.62E-03 N-N-O-35 2.66E-03 N-N-F-35 –
N-N-N-40 5.93E-03 N-N-O-40 -9.20E-03 N-N-F-40 1.23E-02
N-N-N-45 1.98E-02 N-N-O-45 -4.81E-03 N-N-F-45 –
N-N-N-50 – N-N-O-50 -1.61E-02 N-N-F-50 0.00E+00
N-N-N-55 2.24E-02 N-N-O-55 -3.22E-03 N-N-F-55 -1.13E-03
N-N-N-60 1.52E-02 N-N-O-60 3.54E-03 N-N-F-60 8.03E-03
N-N-N-65 1.89E-02 N-N-O-65 1.08E-02 N-N-F-65 –
N-N-N-70 4.46E-03 N-N-O-70 1.69E-03 N-N-F-70 1.21E-04
N-N-N-75 4.71E-03 N-N-O-75 1.51E-03 N-N-F-75 -1.64E-02
N-N-N-80 1.36E-03 N-N-O-80 – N-N-F-80 9.73E-03
N-N-N-85 -2.23E-04 N-N-O-85 1.23E-03 N-N-F-85 2.92E-02
N-N-N-90 -1.51E-02 N-N-O-90 4.51E-04 N-N-F-90 –
N-N-N-95 -1.22E-02 N-N-O-95 -8.77E-04 N-N-F-95 –
N-N-N-100 -2.04E-02 N-N-O-100 4.97E-04 N-N-F-100 -1.13E-03
N-N-N-105 -2.16E-02 N-N-O-105 3.03E-03 N-N-F-105 –
N-N-N-110 -1.03E-02 N-N-O-110 -1.10E-03 N-N-F-110 –
N-N-N-115 -1.59E-04 N-N-O-115 – N-N-F-115 –
N-N-N-120 2.43E-03 N-N-O-120 -1.65E-02 N-N-F-120 –
N-N-N-125 5.39E-04 N-N-O-125 -7.64E-03 N-N-F-125 –
N-N-N-130 1.85E-03 N-N-O-130 – N-N-F-130 –
N-N-N-135 – N-N-O-135 – N-N-F-135 –
N-N-N-140 – N-N-O-140 – N-N-F-140 –
N-N-N-145 – N-N-O-145 – N-N-F-145 –
N-N-N-150 – N-N-O-150 – N-N-F-150 –
N-N-N-155 – N-N-O-155 – N-N-F-155 –
N-N-N-160 – N-N-O-160 – N-N-F-160 –
N-N-N-165 – N-N-O-165 – N-N-F-165 –
N-N-N-170 – N-N-O-170 – N-N-F-170 –
N-N-N-175 – N-N-O-175 – N-N-F-175 –
N-N-N-180 – N-N-O-180 – N-N-F-180 –

N-O-N-0 – N-O-O-0 – N-O-F-0 –
N-O-N-5 4.35E-03 N-O-O-5 4.69E-03 N-O-F-5 1.56E-02

N-O-N-10 2.27E-02 N-O-O-10 -9.70E-04 N-O-F-10 -1.40E-02
N-O-N-15 1.06E-02 N-O-O-15 -2.18E-03 N-O-F-15 -8.95E-03
N-O-N-20 1.97E-02 N-O-O-20 1.18E-02 N-O-F-20 -1.07E-02
N-O-N-25 -1.91E-03 N-O-O-25 8.54E-04 N-O-F-25 2.29E-02
N-O-N-30 9.86E-03 N-O-O-30 2.14E-03 N-O-F-30 –
N-O-N-35 -1.09E-02 N-O-O-35 8.96E-03 N-O-F-35 –
N-O-N-40 – N-O-O-40 – N-O-F-40 –
N-O-N-45 – N-O-O-45 -2.99E-05 N-O-F-45 –
N-O-N-50 – N-O-O-50 9.35E-04 N-O-F-50 –
N-O-N-55 -2.48E-03 N-O-O-55 – N-O-F-55 –
N-O-N-60 4.21E-03 N-O-O-60 1.27E-03 N-O-F-60 –
N-O-N-65 6.08E-03 N-O-O-65 -5.24E-03 N-O-F-65 2.73E-02
N-O-N-70 8.47E-03 N-O-O-70 6.06E-03 N-O-F-70 –
N-O-N-75 -3.13E-03 N-O-O-75 3.66E-03 N-O-F-75 –
N-O-N-80 – N-O-O-80 – N-O-F-80 –
N-O-N-85 1.18E-02 N-O-O-85 9.67E-03 N-O-F-85 -2.41E-03
N-O-N-90 -1.02E-02 N-O-O-90 -4.26E-03 N-O-F-90 -4.79E-03
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N-O-N-95 -3.82E-03 N-O-O-95 -2.36E-03 N-O-F-95 –
N-O-N-100 -5.30E-03 N-O-O-100 – N-O-F-100 –
N-O-N-105 – N-O-O-105 – N-O-F-105 –
N-O-N-110 -2.03E-03 N-O-O-110 – N-O-F-110 –
N-O-N-115 -1.71E-02 N-O-O-115 – N-O-F-115 –
N-O-N-120 – N-O-O-120 – N-O-F-120 –
N-O-N-125 -1.06E-02 N-O-O-125 – N-O-F-125 –
N-O-N-130 – N-O-O-130 – N-O-F-130 –
N-O-N-135 – N-O-O-135 – N-O-F-135 –
N-O-N-140 – N-O-O-140 – N-O-F-140 –
N-O-N-145 – N-O-O-145 – N-O-F-145 –
N-O-N-150 – N-O-O-150 – N-O-F-150 –
N-O-N-155 – N-O-O-155 – N-O-F-155 –
N-O-N-160 – N-O-O-160 – N-O-F-160 –
N-O-N-165 – N-O-O-165 – N-O-F-165 –
N-O-N-170 – N-O-O-170 – N-O-F-170 –
N-O-N-175 – N-O-O-175 – N-O-F-175 –
N-O-N-180 – N-O-O-180 – N-O-F-180 –

N-F-N-0 – N-F-O-0 – N-F-F-0 –
N-F-N-5 – N-F-O-5 – N-F-F-5 –

N-F-N-10 – N-F-O-10 – N-F-F-10 –
N-F-N-15 – N-F-O-15 – N-F-F-15 –
N-F-N-20 – N-F-O-20 – N-F-F-20 –
N-F-N-25 – N-F-O-25 – N-F-F-25 –
N-F-N-30 – N-F-O-30 – N-F-F-30 –
N-F-N-35 – N-F-O-35 – N-F-F-35 –
N-F-N-40 – N-F-O-40 – N-F-F-40 –
N-F-N-45 – N-F-O-45 – N-F-F-45 –
N-F-N-50 – N-F-O-50 – N-F-F-50 –
N-F-N-55 – N-F-O-55 – N-F-F-55 –
N-F-N-60 – N-F-O-60 – N-F-F-60 –
N-F-N-65 – N-F-O-65 – N-F-F-65 –
N-F-N-70 – N-F-O-70 – N-F-F-70 –
N-F-N-75 – N-F-O-75 – N-F-F-75 –
N-F-N-80 – N-F-O-80 – N-F-F-80 –
N-F-N-85 – N-F-O-85 – N-F-F-85 –
N-F-N-90 – N-F-O-90 – N-F-F-90 –
N-F-N-95 – N-F-O-95 – N-F-F-95 –
N-F-N-100 – N-F-O-100 – N-F-F-100 –
N-F-N-105 – N-F-O-105 – N-F-F-105 –
N-F-N-110 – N-F-O-110 – N-F-F-110 –
N-F-N-115 – N-F-O-115 – N-F-F-115 –
N-F-N-120 – N-F-O-120 – N-F-F-120 –
N-F-N-125 – N-F-O-125 – N-F-F-125 –
N-F-N-130 – N-F-O-130 – N-F-F-130 –
N-F-N-135 – N-F-O-135 – N-F-F-135 –
N-F-N-140 – N-F-O-140 – N-F-F-140 –
N-F-N-145 – N-F-O-145 – N-F-F-145 –
N-F-N-150 – N-F-O-150 – N-F-F-150 –
N-F-N-155 – N-F-O-155 – N-F-F-155 –
N-F-N-160 – N-F-O-160 – N-F-F-160 –
N-F-N-165 – N-F-O-165 – N-F-F-165 –
N-F-N-170 – N-F-O-170 – N-F-F-170 –
N-F-N-175 – N-F-O-175 – N-F-F-175 –
N-F-N-180 – N-F-O-180 – N-F-F-180 –
O-H-O-0 – O-H-F-0 – O-C-O-0 –
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O-H-O-5 -9.86E-04 O-H-F-5 3.50E-03 O-C-O-5 -4.50E-03
O-H-O-10 1.72E-05 O-H-F-10 -1.73E-03 O-C-O-10 -3.42E-04
O-H-O-15 5.91E-04 O-H-F-15 -2.97E-04 O-C-O-15 -8.71E-04
O-H-O-20 -2.24E-03 O-H-F-20 1.02E-03 O-C-O-20 1.77E-03
O-H-O-25 1.10E-03 O-H-F-25 1.09E-02 O-C-O-25 8.45E-04
O-H-O-30 -1.07E-03 O-H-F-30 3.89E-03 O-C-O-30 2.86E-03
O-H-O-35 -4.93E-03 O-H-F-35 3.69E-03 O-C-O-35 -4.83E-03
O-H-O-40 7.62E-04 O-H-F-40 3.25E-02 O-C-O-40 -5.06E-03
O-H-O-45 -3.53E-06 O-H-F-45 2.07E-03 O-C-O-45 -7.92E-04
O-H-O-50 -1.21E-03 O-H-F-50 5.02E-03 O-C-O-50 -1.69E-03
O-H-O-55 7.42E-04 O-H-F-55 5.64E-04 O-C-O-55 -5.93E-04
O-H-O-60 -9.78E-04 O-H-F-60 2.09E-02 O-C-O-60 -1.87E-03
O-H-O-65 1.16E-03 O-H-F-65 1.05E-02 O-C-O-65 -8.37E-04
O-H-O-70 5.55E-03 O-H-F-70 8.97E-03 O-C-O-70 -1.06E-04
O-H-O-75 -2.05E-03 O-H-F-75 -2.40E-03 O-C-O-75 8.26E-04
O-H-O-80 -1.06E-03 O-H-F-80 4.12E-02 O-C-O-80 4.10E-04
O-H-O-85 -4.88E-03 O-H-F-85 5.13E-03 O-C-O-85 -2.36E-04
O-H-O-90 -7.05E-03 O-H-F-90 5.79E-03 O-C-O-90 -3.36E-04
O-H-O-95 -1.44E-03 O-H-F-95 1.71E-02 O-C-O-95 4.75E-04
O-H-O-100 -1.65E-03 O-H-F-100 4.71E-02 O-C-O-100 7.66E-04
O-H-O-105 -3.55E-03 O-H-F-105 1.43E-02 O-C-O-105 -6.43E-05
O-H-O-110 -1.44E-03 O-H-F-110 -7.76E-03 O-C-O-110 -1.24E-03
O-H-O-115 -8.10E-04 O-H-F-115 1.08E-02 O-C-O-115 -1.40E-03
O-H-O-120 2.25E-03 O-H-F-120 2.61E-02 O-C-O-120 -1.20E-03
O-H-O-125 7.53E-04 O-H-F-125 – O-C-O-125 -1.09E-03
O-H-O-130 -4.00E-03 O-H-F-130 3.85E-03 O-C-O-130 -7.23E-04
O-H-O-135 4.01E-04 O-H-F-135 1.59E-02 O-C-O-135 1.07E-03
O-H-O-140 2.14E-03 O-H-F-140 -4.71E-03 O-C-O-140 –
O-H-O-145 1.83E-03 O-H-F-145 -2.55E-02 O-C-O-145 –
O-H-O-150 5.56E-04 O-H-F-150 – O-C-O-150 –
O-H-O-155 3.64E-03 O-H-F-155 6.39E-03 O-C-O-155 –
O-H-O-160 -2.01E-03 O-H-F-160 – O-C-O-160 –
O-H-O-165 -7.60E-04 O-H-F-165 – O-C-O-165 –
O-H-O-170 – O-H-F-170 – O-C-O-170 –
O-H-O-175 2.92E-04 O-H-F-175 – O-C-O-175 –
O-H-O-180 – O-H-F-180 – O-C-O-180 2.14E-03

O-C-F-0 – O-N-O-0 – O-N-F-0 –
O-C-F-5 9.08E-03 O-N-O-5 -4.40E-03 O-N-F-5 –

O-C-F-10 -4.07E-05 O-N-O-10 -5.76E-03 O-N-F-10 –
O-C-F-15 -4.03E-03 O-N-O-15 -7.05E-03 O-N-F-15 -3.66E-03
O-C-F-20 4.27E-03 O-N-O-20 -5.95E-04 O-N-F-20 2.44E-03
O-C-F-25 7.49E-03 O-N-O-25 1.43E-03 O-N-F-25 1.43E-02
O-C-F-30 2.62E-03 O-N-O-30 8.99E-03 O-N-F-30 –
O-C-F-35 8.15E-03 O-N-O-35 – O-N-F-35 –
O-C-F-40 4.13E-03 O-N-O-40 1.22E-02 O-N-F-40 –
O-C-F-45 -1.23E-03 O-N-O-45 – O-N-F-45 –
O-C-F-50 -1.67E-03 O-N-O-50 – O-N-F-50 –
O-C-F-55 -1.27E-03 O-N-O-55 – O-N-F-55 4.89E-03
O-C-F-60 -5.58E-03 O-N-O-60 -5.43E-03 O-N-F-60 –
O-C-F-65 -3.14E-03 O-N-O-65 -1.20E-03 O-N-F-65 -8.60E-03
O-C-F-70 -5.10E-03 O-N-O-70 -4.31E-03 O-N-F-70 -4.63E-03
O-C-F-75 -1.79E-03 O-N-O-75 6.33E-03 O-N-F-75 6.02E-03
O-C-F-80 -2.56E-03 O-N-O-80 – O-N-F-80 –
O-C-F-85 -2.60E-03 O-N-O-85 – O-N-F-85 –
O-C-F-90 -4.73E-03 O-N-O-90 9.17E-03 O-N-F-90 –
O-C-F-95 -2.99E-03 O-N-O-95 -7.08E-03 O-N-F-95 –
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O-C-F-100 -4.42E-03 O-N-O-100 – O-N-F-100 –
O-C-F-105 -1.36E-03 O-N-O-105 – O-N-F-105 –
O-C-F-110 8.83E-03 O-N-O-110 – O-N-F-110 –
O-C-F-115 1.38E-02 O-N-O-115 – O-N-F-115 –
O-C-F-120 – O-N-O-120 – O-N-F-120 –
O-C-F-125 – O-N-O-125 – O-N-F-125 –
O-C-F-130 – O-N-O-130 4.24E-03 O-N-F-130 –
O-C-F-135 – O-N-O-135 – O-N-F-135 –
O-C-F-140 – O-N-O-140 – O-N-F-140 –
O-C-F-145 – O-N-O-145 – O-N-F-145 –
O-C-F-150 – O-N-O-150 – O-N-F-150 –
O-C-F-155 – O-N-O-155 – O-N-F-155 –
O-C-F-160 – O-N-O-160 – O-N-F-160 –
O-C-F-165 – O-N-O-165 – O-N-F-165 –
O-C-F-170 – O-N-O-170 – O-N-F-170 –
O-C-F-175 – O-N-O-175 – O-N-F-175 –
O-C-F-180 – O-N-O-180 – O-N-F-180 –
O-O-O-0 – O-O-F-0 – O-F-O-0 –
O-O-O-5 – O-O-F-5 – O-F-O-5 –

O-O-O-10 – O-O-F-10 – O-F-O-10 –
O-O-O-15 – O-O-F-15 – O-F-O-15 –
O-O-O-20 – O-O-F-20 – O-F-O-20 –
O-O-O-25 – O-O-F-25 – O-F-O-25 –
O-O-O-30 – O-O-F-30 – O-F-O-30 –
O-O-O-35 – O-O-F-35 – O-F-O-35 –
O-O-O-40 – O-O-F-40 – O-F-O-40 –
O-O-O-45 – O-O-F-45 – O-F-O-45 –
O-O-O-50 – O-O-F-50 – O-F-O-50 –
O-O-O-55 – O-O-F-55 – O-F-O-55 –
O-O-O-60 – O-O-F-60 – O-F-O-60 –
O-O-O-65 – O-O-F-65 – O-F-O-65 –
O-O-O-70 – O-O-F-70 – O-F-O-70 –
O-O-O-75 – O-O-F-75 – O-F-O-75 –
O-O-O-80 – O-O-F-80 – O-F-O-80 –
O-O-O-85 – O-O-F-85 – O-F-O-85 –
O-O-O-90 – O-O-F-90 – O-F-O-90 –
O-O-O-95 – O-O-F-95 – O-F-O-95 –
O-O-O-100 – O-O-F-100 – O-F-O-100 –
O-O-O-105 – O-O-F-105 – O-F-O-105 –
O-O-O-110 – O-O-F-110 – O-F-O-110 –
O-O-O-115 – O-O-F-115 – O-F-O-115 –
O-O-O-120 – O-O-F-120 – O-F-O-120 –
O-O-O-125 – O-O-F-125 – O-F-O-125 –
O-O-O-130 – O-O-F-130 – O-F-O-130 –
O-O-O-135 – O-O-F-135 – O-F-O-135 –
O-O-O-140 – O-O-F-140 – O-F-O-140 –
O-O-O-145 – O-O-F-145 – O-F-O-145 –
O-O-O-150 – O-O-F-150 – O-F-O-150 –
O-O-O-155 – O-O-F-155 – O-F-O-155 –
O-O-O-160 – O-O-F-160 – O-F-O-160 –
O-O-O-165 – O-O-F-165 – O-F-O-165 –
O-O-O-170 – O-O-F-170 – O-F-O-170 –
O-O-O-175 – O-O-F-175 – O-F-O-175 –
O-O-O-180 – O-O-F-180 – O-F-O-180 –

O-F-F-0 – F-H-F-0 – F-C-F-0 –
O-F-F-5 – F-H-F-5 – F-C-F-5 –
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O-F-F-10 – F-H-F-10 – F-C-F-10 –
O-F-F-15 – F-H-F-15 – F-C-F-15 –
O-F-F-20 – F-H-F-20 – F-C-F-20 –
O-F-F-25 – F-H-F-25 – F-C-F-25 –
O-F-F-30 – F-H-F-30 5.98E-03 F-C-F-30 –
O-F-F-35 – F-H-F-35 – F-C-F-35 –
O-F-F-40 – F-H-F-40 2.90E-04 F-C-F-40 –
O-F-F-45 – F-H-F-45 -4.51E-02 F-C-F-45 –
O-F-F-50 – F-H-F-50 – F-C-F-50 –
O-F-F-55 – F-H-F-55 -8.20E-03 F-C-F-55 -8.90E-03
O-F-F-60 – F-H-F-60 -1.34E-02 F-C-F-60 -1.76E-02
O-F-F-65 – F-H-F-65 -1.98E-02 F-C-F-65 -3.92E-03
O-F-F-70 – F-H-F-70 -3.44E-03 F-C-F-70 -4.68E-04
O-F-F-75 – F-H-F-75 6.54E-03 F-C-F-75 6.61E-03
O-F-F-80 – F-H-F-80 – F-C-F-80 1.10E-02
O-F-F-85 – F-H-F-85 – F-C-F-85 -2.27E-03
O-F-F-90 – F-H-F-90 – F-C-F-90 -1.27E-04
O-F-F-95 – F-H-F-95 – F-C-F-95 -3.31E-05
O-F-F-100 – F-H-F-100 – F-C-F-100 2.48E-04
O-F-F-105 – F-H-F-105 – F-C-F-105 1.82E-02
O-F-F-110 – F-H-F-110 – F-C-F-110 2.01E-02
O-F-F-115 – F-H-F-115 – F-C-F-115 1.84E-02
O-F-F-120 – F-H-F-120 – F-C-F-120 –
O-F-F-125 – F-H-F-125 – F-C-F-125 –
O-F-F-130 – F-H-F-130 – F-C-F-130 –
O-F-F-135 – F-H-F-135 – F-C-F-135 –
O-F-F-140 – F-H-F-140 – F-C-F-140 –
O-F-F-145 – F-H-F-145 – F-C-F-145 –
O-F-F-150 – F-H-F-150 – F-C-F-150 –
O-F-F-155 – F-H-F-155 – F-C-F-155 –
O-F-F-160 – F-H-F-160 – F-C-F-160 –
O-F-F-165 – F-H-F-165 – F-C-F-165 –
O-F-F-170 – F-H-F-170 – F-C-F-170 –
O-F-F-175 – F-H-F-175 – F-C-F-175 –
O-F-F-180 – F-H-F-180 – F-C-F-180 –

F-N-F-0 – F-O-F-0 – F-F-F-0 –
F-N-F-5 – F-O-F-5 – F-F-F-5 –

F-N-F-10 – F-O-F-10 – F-F-F-10 –
F-N-F-15 – F-O-F-15 – F-F-F-15 –
F-N-F-20 – F-O-F-20 – F-F-F-20 –
F-N-F-25 – F-O-F-25 – F-F-F-25 –
F-N-F-30 – F-O-F-30 – F-F-F-30 –
F-N-F-35 – F-O-F-35 – F-F-F-35 –
F-N-F-40 – F-O-F-40 – F-F-F-40 –
F-N-F-45 – F-O-F-45 – F-F-F-45 –
F-N-F-50 – F-O-F-50 – F-F-F-50 –
F-N-F-55 – F-O-F-55 – F-F-F-55 –
F-N-F-60 – F-O-F-60 – F-F-F-60 –
F-N-F-65 – F-O-F-65 – F-F-F-65 –
F-N-F-70 – F-O-F-70 – F-F-F-70 –
F-N-F-75 – F-O-F-75 – F-F-F-75 –
F-N-F-80 – F-O-F-80 – F-F-F-80 –
F-N-F-85 – F-O-F-85 – F-F-F-85 –
F-N-F-90 – F-O-F-90 – F-F-F-90 –
F-N-F-95 – F-O-F-95 – F-F-F-95 –
F-N-F-100 – F-O-F-100 – F-F-F-100 –
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F-N-F-105 – F-O-F-105 – F-F-F-105 –
F-N-F-110 – F-O-F-110 – F-F-F-110 –
F-N-F-115 – F-O-F-115 – F-F-F-115 –
F-N-F-120 – F-O-F-120 – F-F-F-120 –
F-N-F-125 – F-O-F-125 – F-F-F-125 –
F-N-F-130 – F-O-F-130 – F-F-F-130 –
F-N-F-135 – F-O-F-135 – F-F-F-135 –
F-N-F-140 – F-O-F-140 – F-F-F-140 –
F-N-F-145 – F-O-F-145 – F-F-F-145 –
F-N-F-150 – F-O-F-150 – F-F-F-150 –
F-N-F-155 – F-O-F-155 – F-F-F-155 –
F-N-F-160 – F-O-F-160 – F-F-F-160 –
F-N-F-165 – F-O-F-165 – F-F-F-165 –
F-N-F-170 – F-O-F-170 – F-F-F-170 –
F-N-F-175 – F-O-F-175 – F-F-F-175 –
F-N-F-180 – F-O-F-180 – F-F-F-180 –

Table S 4: Element Occurrence coefficients of function found from the “QM9 and GDB” dataset calculated with ωb-dgd
theory with SR=0.1 angstroms portioned and AA=5 degrees for 1% test

Element Coefficient
H -4.36E-01
C -3.79E+01
N -5.47E+01
O -7.52E+01
F -4.28E+01
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Figure S 1: Comparison of prediction orderings using varied computational basis sets for the optimization of molecules
to be included in datasets. Mean absolute errors are in kcal/mol and MAOE are the mean absolute ordering errors. All
sets are encoded with SR=0.5 angstroms portioned and EO.

Figure S 2: Training and testing mean absolute errors for the range of 1-98% of data being used for testing. Inset shows
zoom of 1-40% data used for testing.

44



GiFE: A Molecular-Size Agnostic and Understandable Gibbs Free Energy Function

Figure S 3: Comparison of spherical radii functional segment for H-H interactions between 1 and 3 angstroms for the
QM9-Popel dataset at different input feature set granularities. The curve is smoothed with markers indicating actual
function values.
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Figure S 4: Part 1: Comparison of the trained function for many train:test splits using the same dataset and split
percentage each run. The QM9 dataset calculated at ωb-dgd theory is supplied on the left using 1% testing data, with
comparison of the dataset using the B3-631 theory on the right using 76% testing data. This difference in percentage of
testing data gives an equivalent number of datapoints for train due to tractability of calculating the whole QM9 set at
the higher level of theory.
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Figure S 5: Part 2: Comparison of the trained function for many train:test splits using the same dataset and split
percentage each run. The QM9 dataset calculated at ωb-dgd theory is supplied on the left using 1% testing data, with
comparison of the dataset using the B3-631 theory on the right using 76% testing data. This difference in percentage of
testing data gives an equivalent number of datapoints for train due to tractability of calculating the whole QM9 set at
the higher level of theory.
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Figure S 6: Part 3: Comparison of the trained function for many train:test splits using the same dataset and split
percentage each run. The QM9 dataset calculated at ωb-dgd theory is supplied on the left using 1% testing data, with
comparison of the dataset using the B3-631 theory on the right using 76% testing data. This difference in percentage of
testing data gives an equivalent number of datapoints for train due to tractability of calculating the whole QM9 set at
the higher level of theory.
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Figure S 7: Part 4: Comparison of the trained function for many train:test splits using the same dataset and split
percentage each run. The QM9 dataset calculated at ωb-dgd theory is supplied on the left using 1% testing data, with
comparison of the dataset using the B3-631 theory on the right using 76% testing data. This difference in percentage of
testing data gives an equivalent number of datapoints for train due to tractability of calculating the whole QM9 set at
the higher level of theory.
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Figure S 8: Part 5: Comparison of the trained function for many train:test splits using the same dataset and split
percentage each run. The QM9 dataset calculated at ωb-dgd theory is supplied on the left using 1% testing data, with
comparison of the dataset using the B3-631 theory on the right using 76% testing data. This difference in percentage of
testing data gives an equivalent number of datapoints for train due to tractability of calculating the whole QM9 set at
the higher level of theory.
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Figure S 9: Part 1: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 7% testing
data (blue) and the same dataset using B3-631 theory with 76% testing data (orange) when only element occurrence
and spherical interactions at 0.1 angstrom granularity are used as input. Each row shows the function (top) for a given
spherical interaction pair with angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the
top panels of each row are shown to assist in viewing peaks at different orders of magnitude. The bottom panel of
each row has the same x axis as the top, but with a y axis that describes a measure of uncertainty. The uncertainty is
calculated as a function of the number of occurrences of a feature not equaling zero in the dataset, O, and the number of
datapoints in the dataset, DP. The uncertainty function is then Uncertainty of the Feature = 1 - O/DP. This means that
the more negative the y axis is, the more certain the value is because it has more instances in the dataset, and therefore
more equations for the value of the coefficient to be converged over. Uncertainty measures that are close to 1, which is
marked by a dotted red line, are more uncertain, while a value of 1 means the feature has no data describing it.
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Figure S 10: Part 2: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 7% testing
data (blue) and the same dataset using B3-631 theory with 76% testing data (orange) when only element occurrence
and spherical interactions at 0.1 angstrom granularity are used as input. Each row shows the function (top) for a given
spherical interaction pair with angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the
top panels of each row are shown to assist in viewing peaks at different orders of magnitude. The bottom panel of
each row has the same x axis as the top, but with a y axis that describes a measure of uncertainty. The uncertainty is
calculated as a function of the number of occurrences of a feature not equaling zero in the dataset, O, and the number of
datapoints in the dataset, DP. The uncertainty function is then Uncertainty of the Feature = 1 - O/DP. This means that
the more negative the y axis is, the more certain the value is because it has more instances in the dataset, and therefore
more equations for the value of the coefficient to be converged over. Uncertainty measures that are close to 1, which is
marked by a dotted red line, are more uncertain, while a value of 1 means the feature has no data describing it.
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Figure S 11: Part 3: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 7% testing
data (blue) and the same dataset using B3-631 theory with 76% testing data (orange) when only element occurrence
and spherical interactions at 0.1 angstrom granularity are used as input. Each row shows the function (top) for a given
spherical interaction pair with angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the
top panels of each row are shown to assist in viewing peaks at different orders of magnitude. The bottom panel of
each row has the same x axis as the top, but with a y axis that describes a measure of uncertainty. The uncertainty is
calculated as a function of the number of occurrences of a feature not equaling zero in the dataset, O, and the number of
datapoints in the dataset, DP. The uncertainty function is then Uncertainty of the Feature = 1 - O/DP. This means that
the more negative the y axis is, the more certain the value is because it has more instances in the dataset, and therefore
more equations for the value of the coefficient to be converged over. Uncertainty measures that are close to 1, which is
marked by a dotted red line, are more uncertain, while a value of 1 means the feature has no data describing it.
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Figure S 12: Part 4: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 7% testing
data (blue) and the same dataset using B3-631 theory with 76% testing data (orange) when only element occurrence
and spherical interactions at 0.1 angstrom granularity are used as input. Each row shows the function (top) for a given
spherical interaction pair with angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the
top panels of each row are shown to assist in viewing peaks at different orders of magnitude. The bottom panel of
each row has the same x axis as the top, but with a y axis that describes a measure of uncertainty. The uncertainty is
calculated as a function of the number of occurrences of a feature not equaling zero in the dataset, O, and the number of
datapoints in the dataset, DP. The uncertainty function is then Uncertainty of the Feature = 1 - O/DP. This means that
the more negative the y axis is, the more certain the value is because it has more instances in the dataset, and therefore
more equations for the value of the coefficient to be converged over. Uncertainty measures that are close to 1, which is
marked by a dotted red line, are more uncertain, while a value of 1 means the feature has no data describing it.
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Figure S 13: Part 5: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 7% testing
data (blue) and the same dataset using B3-631 theory with 76% testing data (orange) when only element occurrence
and spherical interactions at 0.1 angstrom granularity are used as input. Each row shows the function (top) for a given
spherical interaction pair with angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the
top panels of each row are shown to assist in viewing peaks at different orders of magnitude. The bottom panel of
each row has the same x axis as the top, but with a y axis that describes a measure of uncertainty. The uncertainty is
calculated as a function of the number of occurrences of a feature not equaling zero in the dataset, O, and the number of
datapoints in the dataset, DP. The uncertainty function is then Uncertainty of the Feature = 1 - O/DP. This means that
the more negative the y axis is, the more certain the value is because it has more instances in the dataset, and therefore
more equations for the value of the coefficient to be converged over. Uncertainty measures that are close to 1, which is
marked by a dotted red line, are more uncertain, while a value of 1 means the feature has no data describing it.
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Figure S 14: Part 1: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 1% testing
data where EO and SR (0.1 Å granularity with portioning) are used as input (blue) or EO, SR (0.1 Å granularity with
portioning), and AA (5o granularity) (orange) are used as input. Each row shows the function for a given SR pair with
angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the of the function in each row are
shown to assist in viewing peaks at different orders of magnitude.
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Figure S 15: Part 2: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 1% testing
data where EO and SR (0.1 Å granularity with portioning) are used as input (blue) or EO, SR (0.1 Å granularity with
portioning), and AA (5o granularity) (orange) are used as input. Each row shows the function for a given SR pair with
angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the of the function in each row are
shown to assist in viewing peaks at different orders of magnitude.
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Figure S 16: Part 3: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 1% testing
data where EO and SR (0.1 Å granularity with portioning) are used as input (blue) or EO, SR (0.1 Å granularity with
portioning), and AA (5o granularity) (orange) are used as input. Each row shows the function for a given SR pair with
angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the of the function in each row are
shown to assist in viewing peaks at different orders of magnitude.
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Figure S 17: Part 4: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 1% testing
data where EO and SR (0.1 Å granularity with portioning) are used as input (blue) or EO, SR (0.1 Å granularity with
portioning), and AA (5o granularity) (orange) are used as input. Each row shows the function for a given SR pair with
angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the of the function in each row are
shown to assist in viewing peaks at different orders of magnitude.
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Figure S 18: Part 5: Comparison of overlaid trained functions for the QM9 dataset with ωb-dgd theory using 1% testing
data where EO and SR (0.1 Å granularity with portioning) are used as input (blue) or EO, SR (0.1 Å granularity with
portioning), and AA (5o granularity) (orange) are used as input. Each row shows the function for a given SR pair with
angstroms on the x axis and energy in Hartrees on the y axis. Multiple views of the of the function in each row are
shown to assist in viewing peaks at different orders of magnitude.
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Figure S 19: Part 1: Functional segments of atom-atom interactions at different spherical radii distances (blue) with
specified interaction species to the left of the plots for the “QM9 and GDB” dataset calculated with ωb-dgd theory with
SR=0.1 angstroms portioned and AA=5 degrees for 1% test. White circles highlight spherical radii distances with no
training datapoints. Functional segments are shown from 0.5 – 3 angstroms in the left panels, and 2-8 angstroms in
the right panels. This allows for better visualization of the lower energy interactions that occur at farther distances.
Examples of molecule fragments from the input set at important minima and maxima are included with red or black
outlines on the two atoms participating in the interaction being described in the plot.
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GiFE: A Molecular-Size Agnostic and Understandable Gibbs Free Energy Function

Figure S 20: Part 2: Functional segments of atom-atom interactions at different spherical radii distances (blue) with
specified interaction species to the left of the plots for the “QM9 and GDB” dataset calculated with ωb-dgd theory with
SR=0.1 angstroms portioned and AA=5 degrees for 1% test. White circles highlight spherical radii distances with no
training datapoints. Functional segments are shown from 0.5 – 3 angstroms in the left panels, and 2-8 angstroms in
the right panels. This allows for better visualization of the lower energy interactions that occur at farther distances.
Examples of molecule fragments from the input set at important minima and maxima are included with red or black
outlines on the two atoms participating in the interaction being described in the plot.
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Figure S 21: Part 3: Functional segments of atom-atom interactions at different spherical radii distances (blue) with
specified interaction species to the left of the plots for the “QM9 and GDB” dataset calculated with ωb-dgd theory with
SR=0.1 angstroms portioned and AA=5 degrees for 1% test. White circles highlight spherical radii distances with no
training datapoints. Functional segments are shown from 0.5 – 3 angstroms in the left panels, and 2-8 angstroms in
the right panels. This allows for better visualization of the lower energy interactions that occur at farther distances.
Examples of molecule fragments from the input set at important minima and maxima are included with red or black
outlines on the two atoms participating in the interaction being described in the plot.
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Figure S 22: Part 4: Functional segments of atom-atom interactions at different spherical radii distances (blue) with
specified interaction species to the left of the plots for the “QM9 and GDB” dataset calculated with ωb-dgd theory with
SR=0.1 angstroms portioned and AA=5 degrees for 1% test. White circles highlight spherical radii distances with no
training datapoints. Functional segments are shown from 0.5 – 3 angstroms in the left panels, and 2-8 angstroms in
the right panels. This allows for better visualization of the lower energy interactions that occur at farther distances.
Examples of molecule fragments from the input set at important minima and maxima are included with red or black
outlines on the two atoms participating in the interaction being described in the plot.
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Figure S 23: Part 5: Functional segments of atom-atom interactions at different spherical radii distances (blue) with
specified interaction species to the left of the plots for the “QM9 and GDB” dataset calculated with ωb-dgd theory with
SR=0.1 angstroms portioned and AA=5 degrees for 1% test. White circles highlight spherical radii distances with no
training datapoints. Functional segments are shown from 0.5 – 3 angstroms in the left panels, and 2-8 angstroms in
the right panels. This allows for better visualization of the lower energy interactions that occur at farther distances.
Examples of molecule fragments from the input set at important minima and maxima are included with red or black
outlines on the two atoms participating in the interaction being described in the plot.
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Figure S 24: Part 1: Selection of representative overlays of QM9 (orange), QC (green), GDB (blue), and GDB and
QC (grey) functional segments calculated with ωb-dgd theory with SR=0.5 angstroms and AA=25 degrees for 1%
test. Segments shown with two atoms are SR and three atoms are AA. Full functions are included in the Figure SI-8
spreadsheet file.
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Figure S 25: Part 2: Selection of representative overlays of QM9 (orange), QC (green), GDB (blue), and GDB and
QC (grey) functional segments calculated with ωb-dgd theory with SR=0.5 angstroms and AA=25 degrees for 1%
test. Segments shown with two atoms are SR and three atoms are AA. Full functions are included in the Figure SI-8
spreadsheet file.

67


	Introduction
	Methods
	The Datasets
	The Model
	Reaction Modeling

	Results and Discussion
	Dataset Training
	Prediction Capability
	Chemical Meaning From Functional Form
	Reaction Predictions
	The Path Towards Functional Completion

	Conclusion
	Supplementary Information
	Training and Testing
	Basis Sets and Functionals
	Impact of Train:Test Dataset Split Ratio on Accuracy of Model Prediction

	Importance of Granularity
	Functional Meaning
	Impact on the Function by Input Alterations

	The Function

	Acknowledgements

