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ABSTRACT. A widely used procedure for obtaining the complete-basis set (CBS) limit of an
electronic structure method is extrapolating results from a sequence of correlation-consistent
basis sets. A recent study by Xi et al. trained two-point extrapolation schemes against a new
extensive dataset using aug-cc-pVXZ (X =D, T, Q, 5, and 6) basis set pairs. Their results
were very promising, providing a significant improvement over previous two-point
extrapolation schemes. The present work shows that equally good results can be obtained at
lower cost by using the smaller jun-cc- pVXZ or jul-cc- pVXZ basis sets, which contain
fewer diffuse functions. Using the smaller jun and jul basis sets to extrapolate to the CBS

limit provides a good compromise between accuracy and computational cost.
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1. Introduction

Obtaining accurate electronic energies of molecules is essential for the quantitative
analysis of their chemical properties.! Due to its affordability and accuracy for even
moderately sized systems, coupled cluster theory® with single and double excitations and a
quasiperturbative inclusion of connected triple excitations” (CCSD(T)) is sometimes called the
gold standard for quantum chemistry calculations, and is often employed for the study of
thermochemistry and chemical reactions.®!! However, although Gaussian basis sets are in
principle complete so that convergence to a solution of the Schrodinger equation is guaranteed
if enough Gaussians are used,'? the convergence of the dynamic correlation energy to the
complete basis set (CBS) limit is achingly slow and can be the limiting factor in the accuracy
of electronic structure calculations. This is the reason why various schemes that extrapolate the
finite basis set results to the CBS limit have been developed and applied in the calculation of
molecular properties.!3?> Extrapolation can greatly reduce the finite-basis-set error with no
additional computational cost.

Several two-point and three-point extrapolation schemes have been formulated in past
years. The two-point extrapolation schemes are especially convenient.”!#?3 The best general
extrapolation schemes can be obtained by optimizing one or more empirical parameters against
a dataset. The accuracy of such an extrapolation scheme depends in part on the quality and
appropriateness of the datasets on which the extrapolation schemes are trained.?>° A recent
paper by Xi et al.>? revisited the problem of inadequate data sets and trained several two-point
extrapolation schemes against a new expansive data set with 183 species that includes several
closed-shell, open-shell, ionic, and neutral species extending well-beyond the second period of
the periodic table with reference energies calculated at CCSD(T)/aug-cc-pV6Z level. They
employed aug-cc-pV{X, Y} Z basis sets pairs with {X, Y} = {D,T}, {T,Q}, or {Q,5} for the two-
point extrapolation schemes. A key aspect of their work is the optimization of separate
parameters for each pair of basis sets. The results of the work were very promising, and their
results provide a great improvement on the existing extrapolation schemes. The objective of
the present paper is to show that using jun-cc-pV.XZ basis sets or jul-cc-pVXZ basis sets instead
of aug-cc-pV.XZ basis sets provides comparable accuracy at greatly reduced costs.

In their paper, Xi et al. used aug-cc-pVXZ (where X = 2, 3, ...) basis sets. However, it
has been shown that for many calculations of thermochemistry and thermochemical kinetics,
these basis sets contain many diffuse functions that have a relatively small effect on the
calculation of several chemical properties. 3!-3* For efficient calculations, one wants to

eliminate the least useful diffuse functions in a systematic way, and the calendar basis sets
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jul-cc-pVXZ and jun-cc-pVXZ were designed to do this. The jul-cc-pVXZ3!-33 basis sets are
constructed from their aug counterparts by removing all diffuse functions from hydrogen and
helium. The jun-cc-pVXZ basis sets*>* remove these diffuse functions and also remove the
the highest-angular-momentum diffuse function from atoms heavier than He. For example, an
aug-pVTZ basis set for a hydrocarbon contains diffuse s, p, and d functions on each H and
diffuse s, p, d, and f functions on each C. The jul-pVTZ basis set removes all the diffuse
functions on H atoms, and the jun-cc-pVTZ basis set also removes the diffuse f functions on
each carbon. The jul and jun basis sets are thus significantly smaller than their aug
counterparts, the difference being more pronounced with the increase in system size.
However, studies have shown that for practical purposes they perform just as well as the
bigger aug-cc-pVXZ basis sets. 3!-3* This study compares the cost and accuracy of
extrapolations with the smaller jul-cc-pVXZ and jun-cc-pVXZ basis sets to those with the
aug-cc-pVXZ basis.

It has been shown¥rror! Beokmark not defined. 35 that extrapolation to the CBS limit of the
electronic energy E°° is best performed by separate extrapolation of the Hartree-Fock (HF)
energy, EHF and the correlation energy, defined as

Ecor — FCCSD(T) _ pHF (1)
and that strategy is adopted in both the Xi et al. study and the present one. One parameter is
involved in two-point extrapolation of EHF, and another parameter is involved in two-point
extrapolation of E“°'"; the former is called o, and the latter is called 3. Xi et al. examined
five formulas for two-point extrapolation of EHY, and five formulas for two-point
extrapolation of E“°", they found that, as long as o and  were separately optimized for each
formula and each pair of basis sets [D,T or T,Q or Q,5], the results showed similar high
accuracy all five formulas for HF extrapolation and similar high accuracy all five formulas
for correlation-energy extrapolation. We therefore chose to use only one formula in each case,
and we chose the model that they named Truhlar-199g8Error! Beokmark not defined. £ hoth cases.

Xi et al. reported the mean absolute deviations MADHF and MAD®°" from the
reference values separately for the HF and correlation energies. We combine these into a

single figure of demerit A by

A = /(MADHF)2 4 (MAD¢or)2 (2)
They found A = 1.36, 0.44, and 0.04 kcal/mol, for the X pairs (D,T), (T,Q), and (Q,5),
respectively. Note that the reference values are supposed to represent CCSD(T)/CBS, not the

exact answer (which would be all-electron configuration interaction at the CBS limit). A
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previous study of 48 reaction energies and barrier heights gave a mean absolute deviation of
CCSD(T)/CBS energies from more accurate benchmarks (with beyond-CCSD(T)
contributions) of 0.44 kcal/mol. We conclude that that including beyond-CCSD(T)
correlation effects is often more important than improving the CCSD(T) extrapolation from
(T,Q) to (Q,5). For this reason and because (Q,5) extrapolation is often unaffordable, the
present study is limited to (D,T) and (T,Q).

The original aug-cc-pVXZ paper®® emphasized electron affinities, but the paper has
been cited 13,783 times, and the great majority of these papers are not devoted to electron
affinities. It is well known that diffuse functions are useful for accurate calculations of bond
energies and barrier heights. For example, a paper’” on barrier heights showed that the mean
unsigned errors in a set of hydrogen-atom transfer reactions involving only neutral species is
1.41 kcal/mol with CCSD(T)/cc-pVTZ and 0.70 kcal/mol with aug-cc-PVTZ. Similarly, the
mean unsigned errors in a set of nonhydrogenic-atom transfer reactions involving only
neutral species are’” 1.90 kcal/mol with CCSD(T)/cc-pVTZ and 0.95 kcal/mol with aug-cc-
PVTZ. We conclude that augmentation is very useful for neutral species as well as anions.
Therefore, the study of quantities other than electron affinities is very relevant. Nevertheless,
our test set includes 3 cations and 12 anions along with 106 neutral species, so we made an
analysis where we calculated separate errors for cations, neutrals, and anions. Our goal is to
see if we can obtain equally as accurate results with jun- and jul- basis sets as with the more
expensive aug- basis sets.

Section 2 presents the theory, section 3 gives the computational details and results,

and section 4 gives concluding remarks.

2. Theory

For extrapolation to the CBS limit, it is necessary to have a model that describes how
the basis set converges. For the two-point models consider by Xi et al., the energy calculated
with a finite basis set is related to the CBS limit by

E(X) = Ecps + Af (X) 3)

where X is the cardinal number (called X in the introduction) of the basis set used, E(X) is
the energy calculated with the basis set of cardinal number X, E¢gg is the CBS limit, and
f(X) is a function of X with a coefficient, A. The function f (X) approaches zero as X
approaches infinity. The coefficient A can be eliminated by substituting two consecutive
values of X and Y in eq 3 and subtracting the two equations. This also gives the formula for

the linear extrapolation to the CBS limit.
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o _EWFM) - EQfW) )
€ fX) - £
For the Truhlar-1998 model, the components of the energy in eq 1 approach the CBS limit by

power laws Error! Bookmark not defined. Thus
. b

EMF(X) = E&LS + AHFx -« (%)
and
EC"(X) = B + AX ©
Substituting these in eq 4 gives
awp ETFX~* —EFF ()Y (7)
Ecgs = -a _y-a
X Y
andl4,23,38
peor _ ECTNXTP — ECrQyh (®)
CBS X_B _ Y_B

where a and [ are the HF extrapolation parameter and the correlation-energy extrapolation
parameter, respectively. The parameters are then optimized by minimizing the root mean

square (RMS) deviation:

N
1
RMSD = Nz(x" — xrefy2 9)

i=1

re
where x; and x; f

are the extrapolated and reference values, respectively. The reference
values are the single-point HF and correlation energies calculated at the CCSD(T)/aug-cc-
pV6Z level, which are obtained from the ref 30.

The CBS limit for the total energy is then given by

Ecys = Ecgs + ECBs (10)

3. Computational Details and Results

The database for this study is taken from the supporting information of ref. 30, which
is based on HF and CCSD(T) calculations carried out at B3LYP**/cc-pVTZ geometries.
Since the optimized geometries are not given in that supporting information, they were
recalculated in the present work. In this way, we were able to reproduce the energies for only
158 of the 183 species of the original database. Furthermore, 37 out of the resulting 158
species had their energies reproduced with the default initial guess but had unstable*® HF
wavefunctions making them unfit for inclusion in the database. The instabilities primarily

occur for open-shell singlets. By default, Gaussian performs singlet calculations by RHF. In
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these cases, open-shell singlets with unpaired electrons of opposite spins are poorly described
by RHF, which forces pairs of electrons into the same spatial orbitals. As a result, RHF fails
to capture the necessary static electron correlation, leading to wave function instabilities in
the open-shell singlets within the database. Thus, for the present study we eliminated the data
where we did not reproduce the previous work, and we eliminated the data where the stability
check failed. Therefore, the present study is based on the remaining 121 species.

Frozen-core single-point energy calculations were carried out for each of the 121
species at the CCSD(T)/jul-cc-pVXZ and CCSD(T)/jun-cc-pVXZ levels with X =D, T, and
Q. All calculations were carried out using the Gaussian 16 program.*!

Table 1 gives the mean absolute deviation (MAD), root-mean-square deviation
(RMSD), and maximum absolute deviation (MaxAD), of the CCSD(T) energies calculated
with jun-, jul-, and aug-cc-pVXZ basis sets. In the present context, we can also label these
deviations as “errors.” These are the results before extrapolation to the CBS limit. The errors
are quite large for the VDZ basis sets, and the numbers get better as one goes from VDZ to
VTZ to VQZ. In all cases, the jul basis sets perform just as well as the aug basis sets, and he
jun basis sets are slightly worse. However, all the errors are still quite large, and even the
more expensive QZ calculations don’t reach chemical accuracy making them inadequate for
accurate quantitative analysis of chemical properties. Next, we consider how two-point

extrapolation to the CBS limit improves the calculated energies.

Table 1. Deviations from reference values of CCSD(T) energies with jun, jul and
aug-cc-pVXZ basis sets

Basis MAD RMSD MaxAD
(kcal/mol) (kcal/mol) (kcal/mol)

jun-cc-pVDZ 104.16 120.01 305.34
jul-cc-pVDZ 92.62 106.25 267.08
aug-cc-pVDZ 92.04 105.84 267.09
jun-cc-pVTZ 31.12 36.12 94.40
jul-cc-pVTZ 28.25 32.73 86.45
aug-cc-pVTZ 28.01 32.56 86.45
jun-cc-pVQZ 9.87 11.57 33.72
jul-cc-pVQZ 8.79 10.27 30.11
aug-cc-pVQZ 8.71 10.21 30.11
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First consider the Hartree-Fock extrapolation. Table 2 shows the errors of the
extrapolation to the Hartree-Fock CBS limit. The optimized parameters, MAD, RMSD,
MaxAD are compared among extrapolations with aug, jul, and jun basis sets. The naming
convention is straightforward; for example, aug{D,T} refers to the two-point extrapolation
done with the aug-cc-pVDZ and aug-cc-pVTZ basis sets. Since, as explained above, this
study only uses 121 species out of the 183 species in the ref 30, the parameters for the
extrapolation with aug basis set and the corresponding MAD, RMSD, and MaxAD were

reoptimized for the 121 species considered in this work.

Table 2. Hartree-Fock extrapolation results

Method " MAD RMSD MaxAD
(kcal/mol) (kcal/mol)  (kcal/mol)
jun{D,T} 3.500 0.51 0.67 3.24
jul{D,T} 3.347 0.54 0.78 4.66
aug{D,T} 3.350 0.54 0.78 4.68
Jun{T,Q} 4.832 0.35 0.57 4.50
Jul{T,Q} 4.817 0.35 0.56 4.37
aug{T,Q} 4.817 0.35 0.56 4.34

Table 2 shows that for the {D,T} extrapolations, the jul basis sets perform just as well
as the aug basis sets, and the smallest basis sets, jun, perform the best among the three. As
expected, the {T,Q} extrapolation performs better than {D,T} extrapolation for cases. Both
jun and jul basis sets perform as well as aug basis sets in the {T,Q} extrapolation (the small
differences are not significant). It is also interesting that we obtain similar values of a with
jun and jul basis sets as compared to aug basis sets.

Table 3 shows the optimized parameters, MAD, RMSD, and MaxAD for
extrapolation of CCSD(T) correlation energy to the CBS limit. The trends for {D,T}are
similar to the trends in HF extrapolation; we see that the results get better as one goes from
aug to jul to jun basis sets. For the {T,Q} calculations, the jul basis sets match the results of
aug basis sets, whereas jun performs slightly worse compared to the other two. The final
column of Table 3 shows the overall figure of demerit defined by eq 2. The values are

comparable to those mentioned above from Xi et al.

Table 3. CCSD(T) correlation energy extrapolation results and overall figure of demerit.

Method B MAD RMSD MaxAD A
(kcal/mol)  (kcal/mol)  (kcal/mol) (kcal/mol)
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jun{D,T} 2.786 1.25 1.50 4.16 1.35

jul{D,T} 2.750 1.28 1.62 5.27 1.39
aug{D,T} 2.756 1.35 1.71 5.15 1.45
jun{T,Q} 3.738 0.34 0.45 1.52 0.49
jul{T,Q} 3.808 0.27 0.35 0.99 0.44
aug {T,Q} 3.810 0.27 0.35 0.95 0.44

Table 4 gives the most important results, the total energy extrapolation. Since the total
energy is the sum of HF and CCSD(T) correlation energies, the trends are the same as the HF
and CCSD(T) correlation energy extrapolation. For {T,Q} extrapolation, the jul and aug
results are almost the same, and jun is lightly worse. For {D,T} extrapolation, jul is slightly
better than aug, and jun is much better.

Table 4. Electronic energy extrapolation results

Method MAD RMSD MaxAD
(kcal/mol) (kcal/mol) (kcal/mol)
jun{D,T} 1.23 1.61 7.40
jul{D,T} 1.34 1.88 8.76
aug{D,T} 1.40 1.96 8.99
Jjun{T,Q} 0.60 0.90 5.99
Jul{T,Q} 0.55 0.78 5.09
aug{T,Q} 0.55 0.78 5.10

Comparing the results in Table 1 and 4 shows how much the two-point extrapolation
scheme brings down the errors in CCSD(T) energy calculations. . It makes sense to compare
the {D,T} extrapolation results with the jun/jul/aug-cc-pVTZ results as the TZ calculations
are more accurate as well as more expensive than the DZ calculations. The {D,T}
extrapolation brings down the MAD from 31.1 to 1.2 kcal/mol for jun, from 28.3 to 1.3
kcal/mol for jul, and from 28.0 to 1.4 kcal/mol for aug-cc-pVTZ. The RMSD and MaxAD are
improved in a similar way. Similarly, we compare the {T,Q} extrapolations to the
jun/jul/aug-cc-pVQZ results. The MAD goes down from 9.9, 8.8, and 8.7 kcal/mol for the
jun, jul and aug-cc-pVQZ basis sets respectively to 0.60, 0.55, and 0.55 kcal/mol
respectively. Moreover, if we define chemical accuracy as 1 kcal/mol, the {D,T}
extrapolations are just short of chemical accuracy, but the {T,Q} extrapolation meets the
challenge. The {T,Q} extrapolation also comes close to the 0.4 kcal/mol goal mentioned

earlier.

https://doi.org/10.26434/chemrxiv-2024-7vs8f ORCID: https://orcid.org/0009-0004-1348-1381 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-7vs8f
https://orcid.org/0009-0004-1348-1381
https://creativecommons.org/licenses/by/4.0/

It is interesting to also look at the separate results for cations, neutrals, and anions.
The test set consists of 3 cations, 106 neutrals, and 12 anions, and Table 5 presents the
extrapolated total energies for each charge state separately. In the {D,T} extrapolation, the jul
basis set outperforms both jun and aug, while the jun basis set performs slightly worse than
both jul and aug for cations and anions. However, in the {T,Q} extrapolation for cations and
anions, both jun and jul perform just as well as the aug basis set. The results for neutrals
follow the same trends as observed in Table 4, where all three basis sets perform equally

well.

Table 5. Electronic energy extrapolation results for cations, neutrals, and anions separately

Species Method MAD RMSD MaxAD
P (kcal/mol) (kcal/mol) (kcal/mol)
Cations jun{D,T} 1.16 1.16 1.32
jul{D,T} 0.67 0.74 1.10
aug{D,T} 0.76 0.82 1.19
Cations Jjun{T,Q} 0.73 0.82 1.25
Jul{T,Q} 0.63 0.69 1.01
aug{T,Q} 0.63 0.69 1.01
Neutrals — jyn(p, T} 1.25 1.66 7.40
jul{D,T} 1.42 1.98 8.76
aug{D,T} 1.48 2.06 8.99
Neutrals jun{T,Q} 0.63 0.94 5.99
Jul{T,Q} 0.58 0.82 5.09
aug{T,Q} 0.57 0.82 5.10
Anions  jun(p T} 1.06 1.24 2.05
jul{D,T} 0.78 0.92 1.68
aug{D,T} 0.80 0.97 1.80
Anions Jjun{T,Q} 0.35 0.41 0.78
Jul{T,Q} 0.29 0.34 0.62
aug{T,Q} 0.30 0.35 0.62

Since the above results show that the jun and jul basis sets perform just as well as aug
basis sets, the next objective of this study was to compare the computational load associated
with the jun, jul, and aug calculations. Table 6 shows the number of contracted basis
functions used in the calculations for several molecules with aug, jul, and jun-cc-pVXZ basis
sets. The number of contracted basis functions is important because of the scaling of the

computational effort of CCSD(T) with the size of the basis. It is often stated that in the limit
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of large n, where n is the number of contracted functions, the computational effort of
CCSD(T) calculations scales bn’, where b is a constant. It is more informative to look at the
costs of two leading terms, that is the iterative CCSD part and that of the noniterative (T)
step. Then the leading terms in the computational effort maybe written as ane,n® + bn’,
where njier 1s the number of CCSD iterations, and a is a constant. These scalings apply to
increasing the size of homonuclear systems, where the number of contracted basis functions
is proportional to the number of atoms. When one considers the effect of increasing the basis
set size for a given molecule, it is useful to recognize that n is the sum of the number of
occupied orbitals n, and the number n, of virtual orbitals, because changing the number of
contracted functions changes n, but not n,. Using n, and n, rather than », the leading terms
in the cost are*? cnjrn2nd + dnind, where ¢ and d are constants. The dependence on the
number of contracted functions for a given molecule is thus less steep (asymptotically

n ~ Ny, so the scaling becomes n* rather than n”); nevertheless, it is still very significant. As
the size of the molecule increases, the difference in the number of basis functions between the
jun and aug basis sets, as well as between the jul and aug basis sets, becomes more

pronounced.

Table 6. Number of contracted basis functions for an illustrative set of molecules larger than
the ones included in this study for jun, jul, and aug-cc-pVXZ basis sets.

Molecule Dz TZ QzZ
jun  jul aug jun jul aug jun jul aug
H20» 46 56 64 106 120 138 202 220 252
H>S, 54 64 72 114 128 146 210 228 260
Fe(H20)2 108 125 141 218 241 277 391 420 484
Fex03 158 187 187 285 324 324 471 520 520
CH40o 92 112 128 212 240 276 404 440 504
C2HeO 84 99 123 201 222 276 393 420 516
C2HsNO; 115 140 160 265 300 345 505 550 630
CeHe 138 168 192 318 360 414 606 660 756
C4Hs03 156 191 215 357 406 460 677 740 836
CeH7IN 161 196 224 371 420 483 707 770 882
CsHsNs 205 255 275 460 530 575 860 950 1030
CeHi2 168 198 246 402 444 552 786 840 1032
C4H7NO4 197 242 270 449 512 575 849 930 1042
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C6¢HoN3O2 243 298 334 555 632 713 1051 1150 1294

CeHi206 276 336 384 636 720 828 1212 1320 1512
CioHi2N20 294 359 407 675 766 874 1283 1400 1592
CaoHis 466 576 632 1054 1208 1334 1982 2180 2404

For DZ, Table 6 shows that the number of contracted basis functions in the aug basis
set is 18-46% more than in jun and 8-24% more than in jul, where in the comparison to jul we
omit molecules that have no hydrogens. For TZ, these numbers change to 14-37% for jun,
and they remain 8-24% for jul. For QZ, the increases become 10-31% for jun and 8-23% for
jul.

As the number of basis functions increase, so does the computational cost. Table 7
lists the relative CPU time for each CCSD(T) single-point energy calculation for three
example molecules. C4Hs is one of the most expensive systems in the current study, whereas
CsHi2 and CsH120g6 are included as examples of larger, more challenging systems on which to
perform a CCSD(T) calculation, and we note that CsHi2Os was too big for us to perform
CCSD(T) calculations with jun/jul/aug-cc-pVQZ basis sets. For DZ, the jun calculations
reduce the cost as compared to aug calculations by a factor of 3 to 5. The other comparisons
show smaller but still significant ratios. To put things into perspective, it takes two and a half
days for a CCSD(T)/jun-cc-pVQZ calculation on C¢Hi2, and a CCSD(T)/aug-cc-pVQZ
calculation would take well over 6 days for completion. A CCSD(T)/aug-cc-pVTZ on
CsH1206 takes almost 11 days of CPU time, as compared to less than five days for jun-cc-
pVTZ. The new science that can be explored with this procedure includes any problem where

such cost savings make the calculations more practical.

Table 7. CPU time required for CCSD(T) single-point energy calculations with jun-
and jul-cc-pVXZ basis sets relative to the corresponding aug-cc-pVXZ calculations.
DZ TZ QZ
Molecule jun  jul aug jun  jul aug jun  jul aug
C4Hy4 0.34 0.68 1.00 0.35 0.62 1.00 0.36  0.57 1.00
CeHi12 0.32 0.53 1.00 0.56 0.64 1.00 0.39 042 1.00
CesH 1206 0.21 0.65 1.00 0.43 0.70 1.00 - - -

Table 8 presents the total cost of the CCSD(T) single point energy calculations
required for the {D,T} and {T,Q} extrapolations for the jun and jul basis sets relative to that

of aug. The combined hours for DZ and TZ calculations closely match the values for TZ

11
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calculations in Table 7. This is because TZ calculations, being more resource-intensive than
DZ calculations, dominate the total computation time for both DZ and TZ calculations.
Similarly, the combined relative CPU time for TZ and QZ calculations resembles the time
taken for QZ calculations in Table 7 due to the higher computational demand of QZ
calculations. There is a significant reduction in computational cost with smaller jun and jul

basis sets without a loss of accuracy in the calculation of absolute energies.

Table 8. A comparison of total CPU time required for CCSD(T) single-point energy
calculations for the {D,T} and {T,Q} extrapolation. Time taken for jun and jul calculations
are compared to the corresponding aug calculations.

Molecule jun-DZATZ jul-DZ+TZ aug-DZ+TZ jun-TZ+QZ jul-TZ+QZ  aug-TZ+QZ

CsH4 0.35 0.62 1.00 0.36 0.57 1.00
CesHio 0.55 0.64 1.00 0.41 0.44 1.00
CeH 1206 0.42 0.70 1.00 - - -

4. Concluding remarks

Our realization that diffuse functions are hardly ever needed on hydrogen atoms dates
back a number of years when we noticed that diffuse functions on hydrogen raise the cost but
do not usually increase the accuracy. To provide a hard test, we did calculations on a metal
hydride, LiH, and found no significant improvement when diffuse functions were added on
H. We concluded, “Since metal hydrides are seemingly a “worst case” for omitting diffuse
functions on H, it appears to be confirmed that diffuse functions on hydrogen have little
importance for most thermochemical calculations.”? We later reconfirmed this during very
extensive studies performed when proposing the calendar basis sets. At that time, we also
suggested that the augmented basis sets of Dunning bring in high-angular-momentum diffuse
functions at an earlier zeta level than is necessary. For example, for C, N, O, and F, aug-cc-
pVXZ brings in diffuse f functions already at X = T, whereas jun-cc-pVXZ brings them at X =
Q; this is particularly important since adding a diffuse f subshell adds seven additional basis
functions to the basis set. We have since found that jun-cc-pVXZ calculations are usually
comparable in accuracy to aug-cc-pVXZ calculations but at a lower cost. Here we illustrate
this in the context of two-point extrapolations.

The work of Xi et al.>* shows how two-point extrapolations of the CCSD(T) energy
can be much more accurate than previously expected if one optimizes the parameters for each
pair of basis sets. Here we build on this outstanding work by showing that this higher
accuracy can be obtained at even lower cost by choosing the diffuse basis functions more

efficiently. Since jul and jun basis sets have less functions than aug, there is a significant
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reduction in the cost of the calculations. Our first finding is that the jul results are almost the
same as the aug results. Our second finding is that jun basis set have either a minimal
reduction in accuracy or even an improved accuracy as compared to aug basis sets; since
there is a huge reduction in computational cost, we recommend using jun basis sets for CBS

calculations with the parameters optimized here rather than using aug basis sets.

ASSOCIATED CONTENT
SUPPORTING INFORMATION

Optimized geometries and single point energies calculated with jun, jul and aug-cc-pVXZ
basis sets for all the species in the data set.
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1. Hartree-Fock Energies

1.1.  HF energies (in hartrees) calculated with aug-cc-pVXZ basis sets
Species aug-cc-pVDZ aug-cc-pVTZ  aug-cc-pVQZ  aug-cc-pV6Z?
H -0.4993343 -0.4998212 -0.4999483 -0.4999993
He -2.8557047 -2.8611834 -2.8615220 -2.8616731
B -24.5305738 -24.5321715 -24.5329839 -24.5331532
C -37.6877633 -37.6918113 -37.6933513 -37.6937323
N -54.3931834 -54.4011622 -54.4038195 -54.4045376
@) -74.7966008 -74.8129822 -74.8176248 -74.8189614
F -99.3810918 -99.4068794 -99.4140853 -99.4162785
Ne -128.4963500  -128.5332728  -128.5437558  -128.5470621
Al -241.8741580  -241.8791739  -241.8804195  -241.8808051
Si -288.8509360  -288.8566278  -288.8584325  -288.8589110
P -340.7099570  -340.7164915  -340.7187412  -340.7192506
S -397.4987400  -397.5098727  -397.5126914  -397.5133522
Cl -459.4727810  -459.4859689  -459.4891795  -459.4899117
Ar -526.8009720  -526.8133520  -526.8168048  -526.8174843
CF' -136.8586600  -136.9010979  -136.9111294  -136.9138934
CF -137.1894080  -137.2212715  -137.2300372  -137.2325400
CF -137.1894670  -137.2268086  -137.2360966  -137.2387592
CH -38.2913356 -38.2975286 -38.2993354 -38.2998003
CN -92.3242067 -92.3425067 -92.3478342 -92.3490098
CN -92.2171291 -92.2361755 -92.2418107 -92.2430511
CcoO -112.7548710  -112.7816852  -112.7893096  -112.7911240
FO -174.1491530  -174.1953795  -174.2073057  -174.2108489
H> -1.1288063 -1.1330054 -1.1334497 -1.1336027
HF -100.0332170  -100.0608065  -100.0682738  -100.0704821
N2 -108.9613270  -108.9857967  -108.9927084  -108.9942941
NF -153.8019420  -153.8395202  -153.8497924  -153.8527303
NH -54.9719126 -54.9824269 -54.9854370 -54.9862266
NO' -128.9349060  -128.9676709  -128.9769936  -128.9791764
NO -129.2704740  -129.2990625  -129.3076387  -129.3097529
07} -149.6427090  -149.6784703  -149.6887618  -149.6914775
OH -75.3955930 -75.4118367 -75.4166024 -75.4179268
OH -75.4034899 -75.4214479 -75.4264287 -75.4278127
Cl; -919.0579540  -919.0799340  -919.0860947  -919.0874304
NCI -513.8825640  -513.9091624  -513.9163754  -513.9189729
NO -129.2593610  -129.2851687  -129.2930140  -129.2950252
SCI' -857.0696260  -857.0956355  -857.1020252  -857.1041312
SF -496.9756460  -497.0124688  -497.0232575  -497.0266518
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SH
SiH
SN
AIF
AlH;
BN
BP
CLL,O
Clz
CICN
CIO
CosS
CS,
CS
FS
H>S»
H>S
HCl
HS
PH>

+

PO
PO
PO
Sa
SiF
SiHy
SiO
SiS
SO3
SO
PO2
BH;
CH
FCN cyanogen fluoride
FNC isocyanogen fluoride
CH»
CH3
CO2
FNO
HO
HCN
HCO
HO:

-398.1337280
-289.4587290

-451.9710340
-341.4392530
-243.6325500
-79.0019723
-365.3014970
-993.7292210
-918.9660270
-551.7958750
-534.2692430
-510.2999120
-832.9307650
-435.3340280
-496.9254180
-796.2301380
-398.6980880
-460.0925960
-398.0921410
-341.8741880

-415.2764500

-415.6122050
-415.5795980
-795.0669390
-388.3772180
-291.2432310
-363.8021970
-686.4845050
-622.0250270
-472.3633740
-490.4481220
-26.3912059
-76.1586520
-191.7214230
-191.6060790
-38.9281187
-39.5658098
-187.6627600
-228.6547150
-76.0411795
-92.8880397
-113.2672510
-150.2024220

-398.1452406
-289.4670424

-451.9957682
-341.4729890
-243.6444695
-79.0162404
-365.3150504
-993.7787982
-918.9994012
-551.8325129
-534.3059620
-510.3410843
-832.9673591
-435.3535928
-496.9698133
-796.2618248
-398.7137347
-460.1074737
-398.1058204
-341.8874108

-415.3210144

-415.6497973
-415.6215833
-795.0971120
-388.4179109
-291.2608213
-363.8406139
-686.5068168
-622.1427441
-472.4045419
-490.5241555
-26.4003042
-76.1780166
-191.7723342
-191.6553717
-38.9380038
-39.5779853
-187.7094239
-228.7104273
-76.0603284
-92.9100033
-113.2947633
-150.2395310

-398.1485678
-289.4694567

-452.0029341
-341.4839235
-243.6481086
-79.0207922
-365.3192517
-993.7917841
-919.0068683
-551.8419980
-534.3153455
-510.3526744
-832.9779102
-435.3597382
-496.9816249
-796.2700766
-398.7180196
-460.1112498
-398.1093862
-341.8912949

-415.3321219

-415.6592694
-415.6319666
-795.1048876
-388.4295069
-291.2660603
-363.8502596
-686.5130689
-622.1736886
-472.4149895
-490.5430673
-26.4021326
-76.1824769
-191.7850588
-191.6680240
-38.9401820
-39.5804112
-187.7221281
-228.7260225
-76.0656957
-92.9154890
-113.3022304
-150.2495353
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-398.1496774
-289.4702666

-452.0056745
-341.4873484
-243.6496437
-79.0217872
-365.3206853
-993.7962610
-919.0096561
-551.8449706
-534.3188495
-510.3563575
-832.9821809
-435.3621045
-496.9857793
-796.2738932
-398.7199201
-460.1125922
-398.1106877
-341.8929179

-415.3371046

-415.6630369
-415.6364223
-795.1083454
-388.4332752
-291.2683448
-363.8542598
-686.5155525
-622.1909326
-472.4196112
-490.5519476
-26.4026079
-76.1835158
-191.7885068
-191.6713952
-38.9407905
-39.5811137
-187.7252544
-228.7301968
-76.0671541
-92.9167832
-113.3041055
-150.2522722
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N.O
NH»
NO,
AlH;
BF
BO
BS
CyH;3
CH;Cl
HOCI
HOF
NSi
P>H4
SiH;Cl
Si0;
CCl1
HN3
NF;
PF,
C2F2
CsHs cyclopropene
C4H4 tetrahedrane
CH>F,
CH:2N» cyanamide
CH-O
CHsF
CH3N
HOCN cyanic acid
HCNO fulminic acid
HNCO isocyanic acid
HONC isofulminic acid
C:H»
C:H3N
CH4
CF,O
CH40O
CH4
CHF;
CHFO
H>0O,
N2H4

-183.7105410
-55.5749363
-204.0664510
-243.0266760
-124.1149220
-99.5321401
-422.1733660
-77.4005438
-499.1222360
-534.8865950
-174.7616770
-343.2751590
-683.7983800
-750.2260260
-438.6522120
-497.2390190
-163.8691100
-253.1973250
-539.6711350
-274.4935760
-115.8365360
-153.6161880
-237.9314290
-147.9355890
-113.8855420
-139.0574290
-94.0473879
-167.7530280
-167.6567330
-167.7912760
-167.6570570
-76.8286946
-131.9436280
-78.0437046
-311.6541030
-115.0615330
-40.1996281
-336.8142770
-212.7782400
-150.8015740
-111.2009730

-183.7530387
-55.5878344
-204.1137363
-243.0366944
-124.1571580
-99.5575447
-422.1896834
-77.4204862
-499.1487632
-534.9213205
-174.8076242
-343.3027954
-683.8269038
-750.2589662
-438.7209913
-497.2601298
-163.9062830
-253.2633787
-539.7519318
-274.5713827
-115.8664311
-153.6535719
-237.9987311
-147.9698252
-113.9142450
-139.0972054
-94.0697668
-167.7931860
-167.6979852
-167.8321124
-167.6971870
-76.8507559
-131.9753354
-78.0649477
-311.7402299
-115.0920221
-40.2136085
-336.9105449
-212.8351348
-150.8391843
-111.2275307

-183.7649319
-55.5911626
-204.1275371
-243.0396013
-124.1662401
-99.5645175
-422.1945750
-77.4250116
-499.1547835
-534.9303902
-174.8195894
-343.3100887
-683.8353293
-750.2677083
-438.7373654
-497.2659844
-163.9164501
-253.2808826
-539.7730713
-274.5900830
-115.8732863
-153.6625157
-238.0151323
-147.9786630
-113.9216910
-139.1066537
-94.0754896
-167.8037432
-167.7086510
-167.8428880
-167.7078011
-76.8551893
-131.9829923
-78.0696540
-311.7621082
-115.0995167
-40.2162338
-336.9340091
-212.8497483
-150.8491165
-111.2345649

-183.7678624
-55.5920423
-204.1309424
-243.0407655
-124.1686744
-99.5662123
-422.1962996
-77.4261835
-499.1566611
-534.9333840
-174.8231088
-343.3128702
-683.8392300
-750.2712300
-438.7445186
-497.2680196
-163.9188649
-253.2859389
-539.7805663
-274.5953978
-115.8750030
-153.6646974
-238.0199806
-147.9807953
-113.9236247
-139.1094671
-94.0769300
-167.8063664
-167.7112779
-167.8455259
-167.7104118
-76.8562906
-131.9849068
-78.0709050
-311.7682481
-115.1015936
-40.2170255
-336.9409063
-212.8537629
-150.8518755
-111.2363617

“aug-cc-pVo6Z results are obtained from J. Phys. Chem. A 2024, 128, 18, 3742-3749.
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1.2.  HF energies (in hartrees) calculated with jul-cc-pVXZ basis sets

Species jul-cc-pVDZ jul-cc-pVTZ jul-cc-pVQZ
H -0.4992784 -0.4998098 -0.4999456
He -2.8551605 -2.8611533 -2.8615142
B -24.5305738 -24.5321715 -24.5329839
C -37.6877633 -37.6918113 -37.6933514
N -54.3931834 -54.4011622 -54.4038195
O -74.7966007 -74.8129822 -74.8176248
F -99.3810918 -99.4068794 -99.4140853
Ne -128.4963497 -128.5332728 -128.5437558
Al -241.8741580 -241.8791739 -241.8804195
Si -288.8509362 -288.8566278 -288.8584325
P -340.7099574 -340.7164915 -340.7187412

S -397.4987400 -397.5098727 -397.5126914
Cl -459.4727811 -459.4859689 -459.4891795
Ar -526.8009722 -526.8133520 -526.8168048

CF' -136.8586593 -136.9010975 -136.9111290
CF -137.1894078 -137.2212735 -137.2300393
CF -137.1894641 -137.2267960 -137.2360827
CH -38.2911600 -38.2974609 -38.2993167
CN -92.3242071 -92.3425074 -92.3478350
CN -92.2171292 -92.2361758 -92.2418110
Cco -112.7548715 -112.7816854 -112.7893098
FO -174.1491502 -174.1953757 -174.2073016
H> -1.1287277 -1.1329390 -1.1334356
HF -100.0327347 -100.0606926 -100.0682391
N2 -108.9613362 -108.9858124 -108.9927249
NF -153.8019426 -153.8395209 -153.8497933
NH -54.9717943 -54.9823732 -54.9854208
NO' -128.9349121 -128.9676797 -128.9770028
NO -129.2704742 -129.2990626 -129.3076388
02 -149.6426997 -149.6784606 -149.6887517
OH -75.3947775 -75.4115768 -75.4165048
OH -75.4032536 -75.4213838 -75.4264012
Cl; -919.0579740 -919.0799619 -919.0861235
NCI -513.8825534 -513.9091589 -513.9163741
NO -129.2593568 -129.2851633 -129.2930083
SCI -857.0696259 -857.0956331 -857.1020223
SF -496.9756439 -497.0124624 -497.0232505
SH -398.1331486 -398.1451538 -398.1485483
SiH -289.4584378 -289.4670014 -289.4694448
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SN
AlF
AlH3
BN
BP
CLL.O
Clz
CICN
ClO
COS
CS,
CS
FS
H>S»
H>S
HC1
HS
PH»

+

PO
PO
PO
Sz
SiF
SiHy4
SiO
SiS
SO3
SO
PO
BH;
CH
FCN cyanogen fluoride
FNC isocyanogen fluoride
CH»
CH3
CO2
FNO
H>O
HCN
HCO
HO:
N2O
NH>
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-451.9710252
-341.4392653
-243.6320054
-79.0019837
-365.3014987
-993.7291836
-918.9660375
-551.7958743
-534.2692308
-510.2999032
-832.9307630
-435.3340312
-496.9254202
-796.2294005
-398.6977270
-460.0923270
-398.0919116
-341.8739658

-415.2764454

-415.6122022
-415.5795979
-795.0669330
-388.3772123
-291.2431024
-363.8021963
-686.4845055
-622.0250148
-472.3633649
-490.4481273
-26.3908261
-76.1582337
-191.7214169
-191.6060879
-38.9277827
-39.5652527
-187.6627567
-228.6547183
-76.0406766
-92.8877349
-113.2669844
-150.2021436
-183.7105360
-55.5747332

-451.9957683
-341.4730221
-243.6443335
-79.0162538
-365.3150555
-993.7787405
-918.9994250
-551.8325066
-534.3059621
-510.3410778
-832.9673538
-435.3535992
-496.9698550
-796.2617328
-398.7136588
-460.1074163
-398.1057881
-341.8873645

-415.3210049

-415.6497883
-415.6215835
-795.0971010
-388.4179299
-291.2606746
-363.8406091
-686.5068170
-622.1427136
-472.4045208
-490.5241737
-26.4002017
-76.1778484
-191.7723255
-191.6553812
-38.9379273
-39.5778980
-187.7094198
-228.7104295
-76.0601800
-92.9098900
-113.2946897
-150.2394643
-183.7530320
-55.5877384

-452.0029369
-341.4839663
-243.6480673
-79.0208067
-365.3192579
-993.7917227
-919.0068955
-551.8419904
-534.3153482
-510.3526687
-832.9779039
-435.3597455
-496.9816720
-796.2700481
-398.7179859
-460.1112332
-398.1093855
-341.8912803

-415.3321110

-415.6592590
-415.6319669
-795.1048751
-388.4295309
-291.2660312
-363.8502540
-686.5130691
-622.1736530
-472.4149655
-490.5430884
-26.4021050
-76.1824563
-191.7850498
-191.6680338
-38.9401695
-39.5803989
-187.7221238
-228.7260239
-76.0656236
-92.9154826
-113.3022195
-150.2495305
-183.7649247
-55.5911334
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NO:
AlH;
BF
BO
BS
CyH;
CH;Cl
HOCI
HOF
NSi
P>Hy
SiH;Cl
Si0;
CCl
HN3
NF,
PF,
C2F2
CsHs cyclopropene
C4Hjy tetrahedrane
CH:F»
CH:N> cyanamide
CH-O
CHsF
CHsN
HOCN cyanic acid
HCNO fulminic acid
HNCO isocyanic acid
HONC isofulminic acid
C:H»
C2H3N
CyH4
CF,O
CH40
CH4
CHF3
CHFO
H>0O,
N>H4

-204.0664377
-243.0263716
-124.1149218
-99.5321261
-422.1733663
-77.3998988
-499.1217309
-534.8864309
-174.7612895
-343.2751679
-683.7975257
-750.2256812
-438.6522126
-497.2390186
-163.8688705
-253.1973625
-539.6711191
-274.4935678
-115.8355837
-153.6151402
-237.9307601
-147.9352753
-113.8849631
-139.0568509
-94.0467997
-167.7529344
-167.6562523
-167.7910101
-167.6567851
-76.8280415
-131.9433447
-78.0427270
-311.6541027
-115.0608088
-40.1991340
-336.8137347
-212.7777773
-150.8009914
-111.2001430

-204.1137205
-243.0365931
-124.1571580
-99.5575264
-422.1896845
-77.4203264
-499.1486688
-534.9212875
-174.8074730
-343.3027980
-683.8267626
-750.2587952
-438.7209945
-497.2601298
-163.9061627
-253.2634219
-539.7519555
-274.5713701
-115.8662489
-153.6533927
-237.9984257
-147.9696702
-113.9141168
-139.0969638
-94.0695967
-167.7930885
-167.6978833
-167.8320266
-167.6970809
-76.8505468
-131.9752021
-78.0647651
-311.7402293
-115.0918233
-40.2135146
-336.9103299
-212.8349873
-150.8390067
-111.2273195

-204.1275208
-243.0395760
-124.1662402
-99.5644966
-422.1945763
-77.4250017
-499.1547752
-534.9304220
-174.8195003
-343.3100892
-683.8352492
-750.2676605
-438.7373691
-497.2659845
-163.9164090
-253.2809272
-539.7731016
-274.5900700
-115.8732557
-153.6624560
-238.0150503
-147.9786301
-113.9216470
-139.1066061
-94.0754412
-167.8037211
-167.7086336
-167.8428887
-167.7077713
-76.8551567
-131.9829675
-78.0696193
-311.7621075
-115.0994702
-40.2162139
-336.9339395
-212.8496912
-150.8490410
-111.2345464
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1.3. HF energies (in hartree) calculated with jun-cc-pVXZ basis sets

Species jun-cc-pVDZ jun-cc-pVTZ jun-cc-pVQZ
H -0.4992784 -0.4998098 -0.4999456
He -2.8551605 -2.8611533 -2.8615142
B -24.5302109 -24.5321672 -24.5329837
C -37.6874175 -37.6918081 -37.6933512
N -54.3931834 -54.4011622 -54.4038195
O -74.7960730 -74.8127782 -74.8176248
F -99.3805620 -99.4066796 -99.4140853
Ne -128.4963497 -128.5332728 -128.5437558
Al -241.8737506 -241.8791661 -241.8804191
Si -288.8505905 -288.8566212 -288.8584322
P -340.7099574 -340.7164915 -340.7187412

S -397.4983254 -397.5095938 -397.5126913
Cl -459.4724326 -459.4857033 -459.4891795
Ar -526.8009722 -526.8133520 -526.8168048

CF' -136.8537088 -136.9007227 -136.9110847
CF -137.1868000 -137.2209210 -137.2299632
CF -137.1855708 -137.2264155 -137.2360145
CH -38.2898593 -38.2974164 -38.2993154
CN -92.3233980 -92.3423437 -92.3478143
CN -92.2160001 -92.2360085 -92.2417889
Cco -112.7531873 -112.7815305 -112.7892819
FO -174.1424699 -174.1947529 -174.2071518
H> -1.1287277 -1.1329390 -1.1334356
HF -100.0303801 -100.0606616 -100.0682385
N2 -108.9596284 -108.9857081 -108.9926926
NF -153.7966230 -153.8391201 -153.8496631
NH -54.9705759 -54.9823401 -54.9854194
NO' -128.9301022 -128.9675178 -128.9769168
NO -129.2669023 -129.2988665 -129.3075407
02 -149.6360328 -149.6781916 -149.6885904
OH -75.3927922 -75.4115345 -75.4165018
OH -75.4011438 -75.4212160 -75.4263987
Cl; -919.0567083 -919.0797202 -919.0860881
NCI -513.8790124 -513.9089800 -513.9162962
NO -129.2567340 -129.2849457 -129.2929025
SCI -857.0684809 -857.0953930 -857.1019538
SF -496.9703736 -497.0117575 -497.0231409
SH -398.1327172 -398.1450620 -398.1485462
SiH -289.4577531 -289.4668560 -289.4694416
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SN
AlF
AlH3
BN
BP
CLL.O
Clz
CICN
ClO
COS
CS,
CS
FS
H>S»
H>S
HC1
HS
PH»

+

PO
PO
PO
Sz
SiF
SiHy4
SiO
SiS
SO3
SO
PO
BH;
CH
FCN cyanogen fluoride
FNC isocyanogen fluoride
CH»
CH3
CO2
FNO
H>O
HCN
HCO
HO:
N2O
NH>
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-451.9677761
-341.4284028
-243.6318195
-79.0007296
-365.3003963
-993.7186846
-918.9641633
-551.7938159
-534.2626323
-510.2957326
-832.9287668
-435.3326844
-496.9163483
-796.2270153
-398.6968792
-460.0916421
-398.0910271
-341.8731278

-415.2699735

-415.6056848
-415.5730836
-795.0632777
-388.3669824
-291.2429483
-363.7964444
-686.4829136
-622.0036800
-472.3552356
-490.4363750
-26.3906773
-76.1579382
-191.7169718
-191.6007174
-38.9275667
-39.5648730
-187.6586910
-228.6454995
-76.0372767
-92.8866641
-113.2648595
-150.1954221
-183.7038466
-55.5725801

-451.9956270
-341.4716037
-243.6443254
-79.0160759
-365.3147881
-993.7780281
-918.9990232
-551.8323240
-534.3055427
-510.3408367
-832.9672244
-435.3534955
-496.9688632
-796.2615505
-398.7135717
-460.1073590
-398.1055745
-341.8872777

-415.3207160

-415.6493903
-415.6212016
-795.0968637
-388.4168398
-291.2606123
-363.8402012
-686.5067688
-622.1417178
-472.4041603
-490.5235352
-26.4001755
-76.1777537
-191.7718342
-191.6549276
-38.9378738
-39.5778158
-187.7090503
-228.7096611
-76.0601261
-92.9097221
-113.2945066
-150.2390780
-183.7528400
-55.5876621

-452.0028791
-341.4838697
-243.6480510
-79.0207925
-365.3192350
-993.7914573
-919.0068177
-551.8419472
-534.3152144
-510.3526146
-832.9778576
-435.3597250
-496.9815531
-796.2699682
-398.7179794
-460.1112304
-398.1093817
-341.8912724

-415.3320682

-415.6592087
-415.6319177
-795.1048341
-388.4294718
-291.2660026
-363.8502023
-686.5130466
-622.1732857
-472.4148875
-490.5429562
-26.4021007
-76.1824474
-191.7849721
-191.6678987
-38.9401684
-39.5803973
-187.7220397
-228.7258181
-76.0656173
-92.9154637
-113.3021860
-150.2493914
-183.7648095
-55.5911299
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NO:
AlH;
BF
BO
BS
CyH;
CH;Cl
HOCI
HOF
NSi
P>Hy
SiH;Cl
Si0;
CCl
HN3
NF,
PF,
C2F2
CsHs cyclopropene
C4Hjy tetrahedrane
CH:F»
CH:N> cyanamide
CH-O
CHsF
CHsN
HOCN cyanic acid
HCNO fulminic acid
HNCO isocyanic acid
HONC isofulminic acid
C:H»
C2H3N
CyH4
CF,O
CH40
CH4
CHF3
CHFO
H>0O,
N>H4

-204.0586743
-243.0259096
-124.1113622
-99.5312473
-422.1726732
-77.3991918
-499.1207005
-534.8790900
-174.7538493
-343.2733319
-683.7961957
-750.2240538
-438.6431295
-497.2373534
-163.8634284
-253.1856620
-539.6529840
-274.4865051
-115.8343732
-153.6135699
-237.9234115
-147.9321386
-113.8831105
-139.0531733
-94.0447287
-167.7483341
-167.6519233
-167.7866069
-167.6519538
-76.8278474
-131.9415420
-78.0419831
-311.6436661
-115.0570004
-40.1990176
-336.8021157
-212.7718667
-150.7936961
-111.1957926

-204.1133010
-243.0365443
-124.1566182
-99.5574517
-422.1895971
-77.4202163
-499.1485576
-534.9208092
-174.8068723
-343.3026210
-683.8266515
-750.2586259
-438.7205708
-497.2599871
-163.9060425
-253.2624445
-539.7500518
-274.5705007
-115.8660740
-153.6531244
-237.9976370
-147.9693857
-113.9139092
-139.0966021
-94.0694743
-167.7927349
-167.6976696
-167.8317008
-167.6967827
-76.8504401
-131.9749648
-78.0646525
-311.7391446
-115.0916188
-40.2134796
-336.9089992
-212.8344117
-150.8385905
-111.2271207

-204.1272995
-243.0395634
-124.1661800
-99.5644772
-422.1945599
-77.4249833
-499.1547170
-534.9302445
-174.8193818
-343.3100476
-683.8351859
-750.2675960
-438.7371995
-497.2659263
-163.9163151
-253.2806459
-539.7729478
-274.5899677
-115.8732069
-153.6624018
-238.0149054
-147.9785661
-113.9216132
-139.1065365
-94.0754110
-167.8036432
-167.7085414
-167.8428200
-167.7076565
-76.8551537
-131.9829276
-78.0695980
-311.7619284
-115.0994153
-40.2162112
-336.9337091
-212.8495882
-150.8489398
-111.2344558
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2. CCSD(T) correlation energies

2.1. CCSD(T) correlation energies (in hartree) calculated with aug-cc-pVXZ
basis sets
Species aug-cc-pVDZ  aug-cc-pVTZ  aug-cc-pVQZ  aug-cc-pV6Z*?
H 0.0000000 0.0000000 0.0000000 0.0000000
He -0.0338438 -0.0394145 -0.0410116 -0.0417823
B -0.0605282 -0.0662792 -0.0679634 -0.0686631
C -0.0771026 -0.0900142 -0.0935236 -0.0951370
N -0.0937982 -0.1157617 -0.1216914 -0.1245376
O -0.1290527 -0.1659701 -0.1776426 -0.1836075
F -0.1689776 -0.2209476 -0.2388227 -0.2483350
Ne -0.2129449 -0.2793750 -0.3037036 -0.3169739
Al -0.0485318 -0.0523281 -0.0533232 -0.0539461
Si -0.0673689 -0.0772056 -0.0793569 -0.0806323
P -0.0867397 -0.1057216 -0.1095260 -0.1118601
S -0.1118165 -0.1462694 -0.1552928 -0.1601878
Cl -0.1394404 -0.1902468 -0.2055636 -0.2137281
Ar -0.1687122 -0.2354063 -0.2582505 -0.2703217
CF' -0.3134503 -0.3807793 -0.4044170 -0.4163684
CF -0.3323472 -0.4076824 -0.4329973 -0.4458125
CF -0.3147173 -0.3875776 -0.4123135 -0.4248316
CH -0.1358687 -0.1576445 -0.1632512 -0.1657667
CN -0.3144826 -0.3702002 -0.3873434 -0.3955666
CN -0.2843159 -0.3344794 -0.3499460 -0.3573574
CO -0.3182189 -0.3802988 -0.4009911 -0.4112187
FO -0.3929498 -0.4895449 -0.5219974 -0.5388001
H> -0.0358573 -0.0396302 -0.0404172 -0.0407560
HF -0.2304211 -0.2887681 -0.3090866 -0.3192799
N2 -0.3316301 -0.3946316 -0.4143171 -0.4239277
NF -0.3394217 -0.4216940 -0.4489756 -0.4629004
NH -0.1337657 -0.1626962 -0.1706956 -0.1744198
NO' -0.3545538 -0.4211767 -0.4431244 -0.4541702
NO -0.3538432 -0.4269350 -0.4504341 -0.4621930
Oz -0.3780786 -0.4624765 -0.4899127 -0.5038251
OH -0.2482970 -0.2975772 -0.3137004 -0.3216329
OH -0.1805675 -0.2241366 -0.2380520 -0.2448487
Cl; -0.3357587 -0.4461473 -0.4818469 -0.5002192
NClI -0.2952859 -0.3771954 -0.4023539 -0.4155385
NO -0.3640145 -0.4406568 -0.4650750 -0.4772483
SCl -0.3261533 -0.4263262 -0.4579640 -0.4744913
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SF
SH
SiH
SN
AIF
AlH;
BN
BP
CL,O
Ch
CICN
CIO
CoS
CS,
CS
FS
H>S»
H>S
HCl
HS
PH»

+

PO
PO
PO
Sa
SiF
SiH4
SiO
SiS
SO3
SO
PO2
BH3
CH
FCN cyanogen fluoride
FNC isocyanogen fluoride
CH;
CH;
CO2
FNO
HO
HCN

-0.3805289
-0.1820976
-0.1088349

-0.3123887
-0.2755883
-0.1072983
-0.2147632
-0.1841523
-0.5486454
-0.3288235
-0.4682045
-0.3465517
-0.4839355
-0.4479349
-0.2867011
-0.3477882
-0.3330818
-0.1826339
-0.1796586
-0.1458088
-0.1438776

-0.3257266

-0.3311221
-0.3246879
-0.2873630
-0.2923536
-0.1564039
-0.3069761
-0.2488753
-0.7754729
-0.3377050
-0.5372451
-0.1210948
-0.2480006
-0.5123092
-0.5189336
-0.1198378
-0.1584410
-0.5221573
-0.6108401
-0.2326673
-0.3145983

-0.4800773
-0.2282721
-0.1263910

-0.3857936
-0.3380773
-0.1206612
-0.2549749
-0.2193050
-0.7001836
-0.4383323
-0.5759695
-0.4423106
-0.5890094
-0.5495251
-0.3449459
-0.4403273
-0.4197736
-0.2270901
-0.2357560
-0.1855156
-0.1724888

-0.3849028

-0.4024850
-0.3907628
-0.3656824
-0.3609203
-0.1792471
-0.3635361
-0.3036906
-0.9456176
-0.4168946
-0.6481420
-0.1387608
-0.2930199
-0.6220135
-0.6270591
-0.1420726
-0.1856718
-0.6310005
-0.7400425
-0.2819942
-0.3707478

-0.5129163
-0.2418298
-0.1305239

-0.4081081
-0.3601241
-0.1240928
-0.2675484
-0.2289656
-0.7477459
-0.4727465
-0.6093711
-0.4727607
-0.6221162
-0.5797376
-0.3623546
-0.4704738
-0.4448613
-0.2392699
-0.2528984
-0.1963233
-0.1795958

-0.4046450

-0.4250401
-0.4119819
-0.3891188
-0.3843616
-0.1855079
-0.3824914
-0.3211727
-1.0044647
-0.4418406
-0.6859147
-0.1433294
-0.3062328
-0.6583097
-0.6626173
-0.1478675
-0.1929298
-0.6674378
-0.7835018
-0.2978808
-0.3877275
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-0.5299062
-0.2484957
-0.1325150

-0.4195716
-0.3715793
-0.1254122
-0.2733684
-0.2338067
-0.7727367
-0.4912249
-0.6262135
-0.4888766
-0.6388721
-0.5955717
-0.3714129
-0.4863895
-0.4578739
-0.2453664
-0.2617608
-0.2018745
-0.1830382

-0.4148922

-0.4366375
-0.4229801
-0.4017493
-0.3966288
-0.1880142
-0.3921231
-0.3303384
-1.0352039
-0.4549337
-0.7052430
-0.1451116
-0.3120748
-0.6762699
-0.6802016
-0.1502959
-0.1959621
-0.6853883
-0.8055421
-0.3053887
-0.3956655
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HCO
HO,
N0
NH;
NO;
AlH»
BF
BO
BS
C,H3
CH;Cl
HOCI
HOF
NSi
P2Hy
SiH;Cl
SiO2
CCl
HN3
NF,
PF,
C2F2
C3Has cyclopropene
C4Hy tetrahedrane
CH>F,
CH:N> cyanamide
CH,O
CHsF
CHs3N
HOCN cyanic acid
HCNO fulminic acid
HNCO isocyanic acid
HONC isofulminic acid
CH»
CH3N
C2Ha4
CF-.O
CH40
CH4
CHF;
CHFO
H>0O»
N2H4

-0.3319779
-0.3982527
-0.5580766
-0.1768923
-0.5853113
-0.0798560
-0.2878877
-0.2644276
-0.2179539
-0.2862536
-0.3421755
-0.3871329
-0.4413519
-0.2611998
-0.3209999
-0.2992715
-0.5155426
-0.2722340
-0.5436337
-0.5890078
-0.5377653
-0.6822299
-0.4592979
-0.5976799
-0.5838287
-0.4989585
-0.3587073
-0.3890406
-0.3487128
-0.5124272
-0.5343195
-0.5120005
-0.5161198
-0.2900248
-0.4765222
-0.3243428
-0.7492052
-0.3938629
-0.1956470
-0.7787322
-0.5557991
-0.4413783
-0.4072369

-0.3975791
-0.4870862
-0.6670613
-0.2120152
-0.7032888
-0.0896352
-0.3525372
-0.3182265
-0.2679846
-0.3364174
-0.4266575
-0.4877484
-0.5436142
-0.3037682
-0.3850191
-0.3761783
-0.6191272
-0.3444718
-0.6447204
-0.7295533
-0.6727872
-0.8403311
-0.5385974
-0.7023026
-0.7222911
-0.5921505
-0.4284472
-0.4740722
-0.4104726
-0.6139889
-0.6365786
-0.6135322
-0.6160818
-0.3410420
-0.5611760
-0.3785957
-0.9263749
-0.4703275
-0.2273128
-0.9706101
-0.6792813
-0.5350618
-0.4837571

-0.4187518
-0.5158494
-0.7017554
-0.2219139
-0.7418086
-0.0921752
-0.3754116
-0.3370250
-0.2831962
-0.3505338
-0.4515947
-0.5196170
-0.5777534
-0.3171180
-0.4021097
-0.4009298
-0.6545115
-0.3668170
-0.6756594
-0.7774361
-0.7194884
-0.8937993
-0.5607428
-0.7317017
-0.7694731
-0.6202610
-0.4505598
-0.5017109
-0.4285247
-0.6461539
-0.6686128
-0.6459975
-0.6476578
-0.3555717
-0.5857404
-0.3938077
-0.9876212
-0.4936411
-0.2354943
-1.0373721
-0.7210036
-0.5651780
-0.5061333

-0.4290034
-0.5300994
-0.7186350
-0.2264020
-0.7610051
-0.0931892
-0.3869299
-0.3460174
-0.2909640
-0.3566016
-0.4638945
-0.5359034
-0.5950632
-0.3236993
-0.4103877
-0.4131504
-0.6722716
-0.3785133
-0.6901130
-0.8020259
-0.7440034
-0.9201577
-0.5704411
-0.7449494
-0.7930451
-0.6332283
-0.4611280
-0.5152124
-0.4366483
-0.6615137
-0.6839249
-0.6615000
-0.6627075
-0.3619371
-0.5969140
-0.4003050
-1.0184490
-0.5044433
-0.2389515
-1.0710334
-0.7417140
-0.5798000
-0.5161767

“aug-cc-pVo6Z results are obtained from J. Phys. Chem. A 2024, 128, 18, 3742-3749.
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2.2. CCSD(T) correlation energies (in hartree) calculated with jul-cc-pVXZ

basis sets

Species jul-cc-pVDZ  jul-cc-pVTZ jul-cc-pVQZ
H 0.0000000  0.0000000  0.0000000
He -0.0324347  -0.0390788  -0.0408967
B -0.0605282  -0.0662791  -0.0679635
C -0.0771025  -0.0900142  -0.0935235
N -0.0937982  -0.1157617  -0.1216914
O -0.1290528  -0.1659701  -0.1776426
F -0.1689775  -0.2209474  -0.2388227
Ne -0.2129449  -0.2793750  -0.3037036
Al -0.0485317  -0.0523281  -0.0533232
Si -0.0673689  -0.0772056  -0.0793569
P -0.0867397  -0.1057216  -0.1095259
S -0.1118165  -0.1462694  -0.1552928
Cl -0.1394403  -0.1902468  -0.2055635
Ar -0.1687122  -0.2354063  -0.2582505
CF' -0.3134509  -0.3807798  -0.4044174
CF -0.3323455  -0.4076813  -0.4329967
CF -0.3147363  -0.3875930  -0.4123275
CH -0.1349396  -0.1570852  -0.1630368
CN -0.3144811  -0.3701990  -0.3873422
CN -0.2843151  -0.3344788  -0.3499453
CcO -0.3182185  -0.3802985  -0.4009908
FO -0.3929554  -0.4895495  -0.5220017
H: -0.0347255  -0.0393976  -0.0403601
HF -0.2296650  -0.2883794  -0.3088826
N2 -0.3316048  -0.3946092  -0.4142957
NF -0.3394201  -0.4216927  -0.4489743
NH -0.1333122  -0.1623672  -0.1705811
NO' -0.3545413  -0.4211652  -0.4431133
NO -0.3538429  -0.4269346  -0.4504336
02 -0.3780903  -0.4624874  -0.4899231
OH -0.2466220  -0.2967069  -0.3133432
OH -0.1798773  -0.2237413  -0.2378869
Cl; -0.3357600  -0.4461594  -0.4818636
NCl -0.2952837  -0.3771984  -0.4023584
NO -0.3640214  -0.4406625  -0.4650802
SCI -0.3261558  -0.4263271  -0.4579644
SF -0.3805345  -0.4800827  -0.5129212
SH -0.1805291  -0.2273224  -0.2414846
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SiH
SN
AIF
AlH3
BN
BP
CLL,O
Ch
CICN
ClO
COS
CS,
CS
FS
H>S:
H>S
HCI
HS
PH»

+

PO
PO
PO
Sa
SiF
SiHy4
SiO
SiS
SOs
SO
PO2
BH;
CH
FCN cyanogen fluoride
FNC isocyanogen fluoride
CH:
CH3
CO2
FNO
HO
HCN
HCO
HO>
N>O
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-0.1063326

-0.3123873
-0.2755552
-0.1025935
-0.2147408
-0.1841384
-0.5487058
-0.3287942
-0.4682195
-0.3465466
-0.4839386
-0.4479451
-0.2866899
-0.3477422
-0.3307057
-0.1808388
-0.1788931
-0.1449831
-0.1418186

-0.3257390

-0.3311304
-0.3246875
-0.2873763
-0.2923343
-0.1517193
-0.3069822
-0.2488750
-0.7755064
-0.3377277
-0.5372216
-0.1182517
-0.2474245
-0.5123225
-0.5189231
-0.1190173
-0.1571333
-0.5221627
-0.6108419
-0.2310353
-0.3138988
-0.3313722
-0.3973804
-0.5580877

-0.1255202

-0.3857959
-0.3380472
-0.1193355
-0.2549553
-0.2192959
-0.7002361
-0.4383105
-0.5759803
-0.4423105
-0.5890143
-0.5495329
-0.3449364
-0.4402863
-0.4183779
-0.2259118
-0.2351223
-0.1849296
-0.1715164

-0.3849149

-0.4024935
-0.3907623
-0.3656938
-0.3609033
-0.1776799
-0.3635422
-0.3036904
-0.9456487
-0.4169165
-0.6481193
-0.1379852
-0.2926900
-0.6220258
-0.6270503
-0.1416188
-0.1850306
-0.6310054
-0.7400435
-0.2812078
-0.3703114
-0.3972604
-0.4866011
-0.6670708

-0.1302095

-0.4081121
-0.3600959
-0.1237351
-0.2675299
-0.2289579
-0.7477946
-0.4727296
-0.6093807
-0.4727627
-0.6221217
-0.5797447
-0.3623458
-0.4704365
-0.4442974
-0.2388580
-0.2526539
-0.1960987
-0.1792122

-0.4046566

-0.4250475
-0.4119816
-0.3891287
-0.3843460
-0.1850187
-0.3824973
-0.3211725
-1.0044942
-0.4418614
-0.6858931
-0.1431175
-0.3061196
-0.6583214
-0.6626089
-0.1477021
-0.1927032
-0.6674425
-0.7835023
-0.2976123
-0.3875998
-0.4186204
-0.5156307
-0.7017642
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NH;
NO:
AlH;
BF
BO
BS
C,H3
CH;Cl
HOCI
HOF
NSi
P2Hy
SiH;Cl
SiO»
CCl1
HN;
NF»
PF,
C2F2
CsHas cyclopropene
C4Hy tetrahedrane
CH>F,
CH:N; cyanamide
CH,O
CHsF
CHs3N
HOCN cyanic acid
HCNO fulminic acid
HNCO isocyanic acid
HONC isofulminic acid
CH»
CH3N
C,H4
CF.0O
CH40
CH4
CHF;
CHFO
H>0O>
N2H4

-0.1757624
-0.5853315
-0.0765023
-0.2878872
-0.2644581
-0.2179513
-0.2846118
-0.3402198
-0.3861723
-0.4405792
-0.2612013
-0.3163518
-0.2959090
-0.5155378
-0.2722338
-0.5428783
-0.5889603
-0.5377370
-0.6822474
-0.4566549
-0.5941603
-0.5825506
-0.4977632
-0.3575368
-0.3875024
-0.3470037
-0.5117773
-0.5336728
-0.5113713
-0.5154031
-0.2889872
-0.4751348
-0.3222739
-0.7492063
-0.3914931
-0.1940527
-0.7779585
-0.5551503
-0.4395070
-0.4041894

-0.2113484
-0.7033071
-0.0886673
-0.3525368
-0.3182542
-0.2679826
-0.3355721
-0.4254528
-0.4871683
-0.5432041
-0.3037687
-0.3828771
-0.3748769
-0.6191230
-0.3444715
-0.6443055
-0.7295131
-0.6727625
-0.8403455
-0.5373505
-0.7011453
-0.7215245
-0.5914159
-0.4279067
-0.4731727
-0.4096281
-0.6136061
-0.6362028
-0.6131414
-0.6156941
-0.3404589
-0.5603071
-0.3775714
-0.9263757
-0.4690785
-0.2264581
-0.9701484
-0.6789274
-0.5341550
-0.4820991

-0.2216891
-0.7418261
-0.0918996
-0.3754112
-0.3370505
-0.2831946
-0.3502361
-0.4511846
-0.5193471
-0.5776123
-0.3171177
-0.4012109
-0.4004660
-0.6545079
-0.3668166
-0.6755265
-0.7773984
-0.7194643
-0.8938127
-0.5603342
-0.7313468
-0.7692128
-0.6200118
-0.4503519
-0.5014047
-0.4282373
-0.6460038
-0.6684975
-0.6458359
-0.6475244
-0.3554087
-0.5854533
-0.3934563
-0.9876221
-0.4932002
-0.2352073
-1.0372080
-0.7208766
-0.5648271
-0.5055601
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2.3.  CCSD(T) correlation energies (in hartree) calculated with jun-cc-pVXZ

basis sets
Species jun-cc-pVDZ jun-cc-pVTZ jun-cc-pVQZ

H 0.0000000 0.0000000 0.0000000
He -0.0324347 -0.0390788 -0.0408967
B -0.0596561 -0.0661256 -0.0679097
C -0.0745013 -0.0895594 -0.0933774
N -0.0887730 -0.1148793 -0.1214207
O -0.1208234 -0.1640578 -0.1769898
F -0.1566330 -0.2178126 -0.2377223
Ne -0.1955857 -0.2748436 -0.3020859
Al -0.0478286 -0.0522208 -0.0532820
Si -0.0651901 -0.0768924 -0.0792454
P -0.0826369 -0.1050622 -0.1093150
S -0.1046213 -0.1447529 -0.1547698
Cl -0.1288007 -0.1876627 -0.2046527
Ar -0.1542168 -0.2316240 -0.2568301
CEg' -0.3035501 -0.3774403 -0.4030414
CF -0.3093056 -0.4018426 -0.4307427
CF -0.2990753 -0.3831700 -0.4105328
CH -0.1267412 -0.1553189 -0.1625878
CN -0.3023707 -0.3661949 -0.3859564
CN -0.2768015 -0.3318152 -0.3489317
CcO -0.3078088 -0.3769840 -0.3997046
FO -0.3700574 -0.4831603 -0.5195321
H: -0.0347255 -0.0393976 -0.0403601
HF -0.2156530 -0.2849166 -0.3075926
N2 -0.3233599 -0.3913723 -0.4130220
NF -0.3204941 -0.4164682 -0.4469096
NH -0.1274870 -0.1610635 -0.1701832
NO' -0.3473574 -0.4183723 -0.4420035
NO -0.3412794 -0.4227774 -0.4488613
0O -0.3624645 -0.4574459 -0.4879810
OH -0.2295792 -0.2929711 -0.3119666
OH -0.1702902 -0.2214571 -0.2370899
Cl; -0.3022278 -0.4377846 -0.4786038
NCl -0.2783720 -0.3721478 -0.4004281
NO -0.3436296 -0.4347830 -0.4629043
SCl -0.2969076 -0.4190285 -0.4552019
SF -0.3481891 -0.4717254 -0.5096877
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SH
SiH
SN
AIF
AlH3
BN
BP
CL,O
Ch
CICN
CIO
COS
CS,
CS
FS
H>S»
H>S
HCI
HS
PH»

+

PO
PO
PO
Sz
SiF
SiHy4
SiO
SiS
SO3
SO
PO2
BH3
CH
FCN cyanogen fluoride
FNC isocyanogen fluoride
CH;
CH;
CO2
FNO
HO
HCN
HCO
HO»
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-0.1634743
-0.0997989
-0.2908800

-0.2574382
-0.1022751
-0.2089094
-0.1791061
-0.5121731
-0.3055249
-0.4494143
-0.3236370
-0.4642979
-0.4300958
-0.2773629
-0.3237876
-0.3134015
-0.1717309
-0.1665184
-0.1368066
-0.1371218
-0.3159882

-0.3096700

-0.3100221
-0.2729667
-0.2740425
-0.1500405
-0.2940406
-0.2382521
-0.7358722
-0.3201362
-0.5115953
-0.1177280
-0.2420983
-0.4910347
-0.4972687
-0.1156095
-0.1529578
-0.5011009
-0.5821240
-0.2201650
-0.3055344
-0.3198674
-0.3785346

-0.2236840
-0.1240725
-0.3798773

-0.3331000
-0.1191030
-0.2529109
-0.2175446
-0.6899990
-0.4318444
-0.5697830
-0.4360721
-0.5828527
-0.5436490
-0.3418121
-0.4337722
-0.4135246
-0.2237242
-0.2321974
-0.1830664
-0.1702864
-0.3816363

-0.3965550

-0.3864134
-0.3614157
-0.3557724
-0.1770325
-0.3595420
-0.3006977
-0.9339845
-0.4119236
-0.6405355
-0.1376661
-0.2905598
-0.6155100
-0.6204326
-0.1408248
-0.1841862
-0.6246675
-0.7314764
-0.2787611
-0.3673931
-0.3937143
-0.4812411

-0.2401089
-0.1297779
-0.4058558

-0.3579983
-0.1236531
-0.2667443
-0.2282199
-0.7437956
-0.4703990
-0.6071603
-0.4702761
-0.6198121
-0.5775499
-0.3611246
-0.4678432
-0.4426540
-0.2381593
-0.2516164
-0.1954654
-0.1787837
-0.4030709

-0.4226057

-0.4100385
-0.3874985
-0.3821913
-0.1848010
-0.3806478
-0.3198760
-0.9991094
-0.4397331
-0.6823976
-0.1430176
-0.3053170
-0.6558320
-0.6599933
-0.1474893
-0.1924617
-0.6650185
-0.7801066
-0.2967577
-0.3865511
-0.4172704
-0.5135654
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N20
NH>
NO>
AlH>
BF
BO
BS
C,H3
CH;Cl
HOCI
HOF
NSi
P>Hy
SiH;Cl
SiO2
CCl1
HNG;
NF,
PF,
C2F2
C3Has cyclopropene
C4Hy tetrahedrane
CH>F,
CH:N> cyanamide
CH,O
CHsF
CHsN
HOCN cyanic acid
HCNO fulminic acid
HNCO isocyanic acid
HONC isofulminic acid
CH»
CH3N
C2Ha
CF-.O
CH40O
CH4
CHF;
CHFO
H>0O>
N2H4

-0.5402633
-0.1687237
-0.5633133
-0.0762698
-0.2748132
-0.2552953
-0.2096482
-0.2777841
-0.3241302
-0.3625203
-0.4158823
-0.2524146
-0.3053470
-0.2816522
-0.4915918
-0.2591670
-0.5283981
-0.5552450
-0.5008781
-0.6500029
-0.4474682
-0.5803718
-0.5494959
-0.4819860
-0.3451767
-0.3682829
-0.3375918
-0.4936755
-0.5156133
-0.4925457
-0.4976409
-0.2830304
-0.4623438
-0.3150513
-0.7095882
-0.3765895
-0.1889640
-0.7314996
-0.5285910
-0.4189959
-0.3898208

-0.6606444
-0.2097673
-0.6961322
-0.0884579
-0.3486762
-0.3154206
-0.2654443
-0.3334394
-0.4207252
-0.4809212
-0.5364915
-0.3008767
-0.3795717
-0.3710276
-0.6117310
-0.3403181
-0.6387299
-0.7200301
-0.6623307
-0.8308311
-0.5336252
-0.6949651
-0.7128305
-0.5863456
-0.4242693
-0.4682335
-0.4067893
-0.6079384
-0.6301853
-0.6072583
-0.6101566
-0.3381043
-0.5559887
-0.3755041
-0.9151165
-0.4653213
-0.2253092
-0.9576365
-0.6714396
-0.5286407
-0.4782233

-0.6992942
-0.2211969
-0.7390191
-0.0918252
-0.3738502
-0.3358134
-0.2821976
-0.3495051
-0.4495118
-0.5169638
-0.5750370
-0.3158159
-0.4000176
-0.3989455
-0.6511002
-0.3652915
-0.6733613
-0.7735722
-0.7151145
-0.8899707
-0.5590894
-0.7294925
-0.7655756
-0.6182074
-0.4489910
-0.4994184
-0.4272390
-0.6439088
-0.6662572
-0.6436695
-0.6453819
-0.3546050
-0.5839841
-0.3927365
-0.9829220
-0.4917831
-0.2349112
-1.0319234
-0.7178299
-0.5627168
-0.5041562
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3. B3LYP/cc-pVTZ optimized geometries (A)

The line below the formula gives the charge and spin multiplicity.

0.57840076
-0.57840076

0.72869744
-0.72869744

0.63790069
-0.63790069

0.57560822
-0.57560822

0.58528138
-0.58528138

0.58140125
-0.58140125

0.56307647
-0.56307647

0.67519692
-0.67519692

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
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0.37145574
-0.37145574

0.46115116
-0.46115116

0.54568651
-0.54568651

0.65910573
-0.65910573

0.52051547
-0.52051547

0.52864029
-0.52864029

0.57298044
-0.57298044

0.60296471
-0.60296471

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
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Cl3
1,2
Cl
Cl

NCI
0,3

Cl

SCl

-1,1

Cl

SF
-1,1

95

SH
-1,1

0.48565496
-0.48565496

0.48731076
-0.48731076

1.36052987
-1.36052987

0.81702149
-0.81702149

0.63451525
-0.63451525

0.00000000
0.00000000

0.87445869
-0.87445869

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
2.15700000

0.00000000
0.00000000

0.00000000
1.35200000
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SiH
-1,3
Si

SN
-1,3

AlF
0,1
Al

AlH;
0,1

T T T >

ZWwew
w Z

BP

e R
W

CLO
0,1

Cl
Cl

Cl
0,1
Cl
Cl

0.00000000
0.00000000

0.00000000
0.00000000

0.84108500
-0.84108500

0.00014569
1.57864080
-0.88725812
-0.69152836

0.00000000
0.00000000

0.00000000
0.00000000

-0.00072939
1.42749707
-1.42676868

1.01157154
-1.01157154

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00027490
-0.11377141
-1.31016829

1.42366481

0.00000000
0.00000000

0.00000000
0.00000000

0.63517071
-0.31594634
-0.31922337

0.00000000
0.00000000

0.00000000
1.56600000

0.00000000
1.61300000

0.00000000
0.00000000

-0.00054326
0.00011260
0.00025014
0.00018052

-0.00015104
1.31915104

0.00000000
1.74400000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
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CICN

ClO

1.47417353
-0.16100771
-1.31316583

0.79647703
-0.79647703

-0.52740000
-1.68340000
1.03950000

1.55761326
0.00000000
-1.55761326

0.00000000
0.00000000

0.80838773
-0.80838773

-0.05531720
-0.05531720
0.88391720
0.88391720

-0.06258807
0.00747421
0.05511387

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

1.04295798
-1.04295798
1.23861633
-1.23861633

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
1.53700000

0.00000000
0.00000000

0.00005921
-0.00005921
0.94928613
-0.94928613
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0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.67446749
-0.67446749

-0.00326534
-1.02171641
1.02498075

0.71535094
-0.71535094

0.78027174
-0.78027174

0.74352411
-0.74352411

0.95690033
-0.95690033

0.00000000
0.97156361
-0.97156361

0.00000000
0.00000000

0.00000000
0.00000000

0.66143506
-0.33557791
-0.32585716

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.10362245
-0.82591123
-0.82591123

0.00027318
1.28372682

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000
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SiF
0,2
Si

SiH4
0,1

T T T T X

SiO

SiS

0.81399751
-0.81399751

-0.00000313
-0.25117933
-0.71655175

1.45488654
-0.48715233

0.75929000
-0.75929000

0.97241850
-0.97241850

-0.76794098
-0.00012989
-0.66985258

1.43792446

0.00000000
0.00000000

-1.35420098
-0.00979037
1.36399135

0.00000000
0.00000000

-0.00005059
-1.05652093
1.23766594
0.27478118
-0.45587560

0.00000000
0.00000000

0.00000000
0.00000000

-1.21669262
-0.00012445

1.27360852
-0.05679145

0.00000000
0.00000000

-0.22944875
0.39211049
-0.16266174

0.00000000
0.00000000

0.00010636
-1.00923224
-0.39061014

0.07571282

1.32402319

0.00000000
0.00000000

0.00000000
0.00000000

0.00131982
-0.00003836
0.00146343
-0.00274489

0.00000000
1.50000000

0.00000000
0.00000000
0.00000000
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FCN cyanogen fluoride
0,1

F

C

N

FNC isocyanogen fluoride
0,1

Moz 0

0.00000441
-0.86119920
-0.27814467

1.13933846

-0.47180000
0.72760000
-1.53480000

1.11410000
-0.15160000
-1.30250000

-1.38710000
-0.21460000
1.09170000

-0.00074798
-0.99508313
0.99583111

0.00001832
1.05234433
-0.72873549
-0.32362717

-1.15420435
-0.00003589
1.15424124

-0.00000813
-0.81840000

1.15501216
-0.33660303

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.27539281
-0.14011483
-0.13527898

-0.00005577
-0.23379677
-0.79437397

1.02822651

0.24998321
0.12985655
0.01083724

-0.00005582
0.00001512
0.00006273

-0.00002203

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

-0.00046233
-0.00184687
0.00147308
0.00083712

0.00000000
0.00000000
0.00000000
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HO;
0,2

1.16961167
-0.15343389
-1.01617778

-0.00034962
0.76040112
-0.76005050

0.00000000
0.00000000
0.00000000

-0.02707079
1.02904209
-1.00197130

-0.17057496
1.00546189
-0.83488593

0.00000000
0.00000000
0.00000000

-0.00138207
-0.80216172
0.80354479

-0.25383769
0.49116962
-0.23733193

0.39235909
-0.19551113
-0.19684796

0.00000000
0.00000000
0.00000000

0.35653432
-0.15390514
-0.20263019

0.44391353
-0.17410690
-0.26980663

0.00000000
0.00000000
0.00000000

0.42784398
-0.21651483
-0.21132915

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

-0.49700000
-1.56240000
0.64920000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

-1.19510000
-0.07340000
1.11000000

0.00000000
0.00000000
0.00000000
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NO,
0,2

AlH;

-0.00594385
-1.09554720
1.10149104

-0.00009697
1.37340795
-1.37331099

0.63213141
-0.63213141

0.60157768
-0.60157768

0.80647843
-0.80647843

-0.45280457
0.77973952
-1.16774536
-0.83245052
1.67325993

-0.15573330

1.64229476
-0.48120970
-0.47026953
-0.53508223

0.30795209
-0.17514621
-0.13280588

0.54926464
-0.27432112
-0.27494352

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.09179040
0.22538269
0.90794731
-0.85272907
-0.37239133

-0.00604465
0.06313730
-0.16206345
-0.82949614
0.93446695

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

0.00000000
0.00000000

-0.09688755
0.29760068
-0.05611644
-0.49092924
0.37402655

0.00194728
-0.01398137
1.02444304
-0.63004945
-0.38235950
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HOCI

SiH;Cl
0,1

TDmTm Q@

Si02
0,1

Si

CCl

0,2

Cl

-0.34678619
1.24173126
-0.89494607

-0.21888459
1.02926780
-0.81038320

0.78674499
-0.78674499

-1.02445682
1.07509417
-1.25631190
-1.63159652
1.67552330
1.16174777

-0.13528499

1.93989373
-0.65654597
-0.56655882
-0.58150395

-1.51634449
-0.00000035
1.51634484

0.83306581
-0.83306581

0.47639615
-0.15630841
-0.32008775

0.48894550
-0.20878537
-0.28016013

0.00000000
0.00000000

-0.56520544
-0.40735865
0.79274886
-0.44246405
-0.37672471
0.99900399

0.00382767
-0.05395382
-0.79557103

1.41267911
-0.56698193

-0.00025872
0.00028611
-0.00002839

0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000

-0.36191222
0.42072721
-0.70729701
0.91574943
-0.86559732
0.59832991

0.00387728
-0.05439506
-1.12516151
-0.11679738

1.29247666

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
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PF»
0,2

CsHas cyclopropene
0,1

TEZ T T OO0

C4H4 tetrahedrane
0,1
C

ONONe!

1.57641415
0.46853437
-0.70287367
-1.34207384

-0.00115298
1.06443188
-1.06327890

-0.00046056
1.21624701
-1.21578646

-1.85722671
-0.58546059
0.58552593
1.85716237

0.75844994
-0.52753786
-0.66370428

1.34943290

1.35130272
-0.96797429
-1.29996813

-0.46095635
-0.52463247
0.25453132
0.73100774

-0.14964774
0.05298021
0.44430202

-0.34763548

0.55888695
-0.27815433
-0.28073263

0.69546061
-0.34692720
-0.34853341

0.18589723
0.05699905
-0.05980671
-0.18308957

-0.08020868

0.70272039
-0.57629819
-0.16495962
-0.12201798

1.68221620
-1.44145211

-0.44745210
0.11985265
0.80359864

-0.47594671

-0.00106103
0.00148001
0.00648435

-0.00690333

0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000

-0.48938935
-0.35408345
-0.22734777
-0.08570143

0.00119261
-0.01597835
0.01401289
-0.90849081
0.91265155
-0.03926921
0.03588031

-0.63441218
0.72494332
-0.32345399
0.23284506
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CH:>N> cyanamide
0,1

-1.00611793
-1.14503419
0.55562736
1.59557353

-0.00197219
1.12208641
-1.08677510
-0.04798488
0.01464575

0.76400305
0.28237008
-0.29720727
-1.08896301
0.33979715

-0.00532528

1.17534914
-0.51364971
-0.65637415

-0.06277083

1.31066899
-0.32552905
-0.36850580
-0.55386331

-0.39045179
0.76890072
-0.60929492
-1.25278996
1.48363595

-0.97671174
0.26152108
1.75399004

-1.03885186

-0.07697796
0.68943666
0.74175718

-0.65231811

-0.70189878

0.87183542
0.30341352
-0.40122066
0.04482396
-0.81885223

0.00049577
-0.11765186
0.98176953
-0.86461345

0.00609723
-0.12845322
-0.04094556

0.96690808
-0.80360754

-0.02633424
-0.52724251
1.04416927
-0.69219801
0.20160549

-1.38467657
1.58240843
-0.70596092
0.50830486

0.00188014
0.02018174
-0.05751183
0.92726182
-0.89181187

-2.04928230
-1.16694599
-0.18461409
0.25398718
0.47724420

-0.00079070
0.17228534
0.05830123

-0.22979687

0.00605028
-0.12578425
1.06322320
-0.40915939
-0.53433083

0.00392525
-0.03510036
0.05742540
-0.01614497
-0.01010532
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HOCN cyanic acid

0,1

O -0.74724314 -0.26553453 -0.10074117
C 0.48112801 -0.10632134 0.28512924
N 1.59100699 -0.01744495 0.58643973
H -1.32489086 0.38930082 0.31544520
HCNO fulminic acid

0,1

O 1.70951010 -0.30766270 0.12801614
N 0.53312353 -0.09595965 0.03993634
C -0.60180112 0.10816321 -0.04460780
H -1.64083250 0.29545815 -0.12334567
HNCO isocyanic acid

0,1

O 1.64353400 -0.10518986 0.00224564
C 0.48903860 0.04640674 -0.00076542
N -0.68177790 0.35241470 -0.00943174
H -1.45079469 -0.29363158 0.00795152
HONC isofulminic acid

0,1

C 1.60866953 -0.12730860 0.00129777
N 0.46558222 0.04548339 -0.18162825
O -0.79833786 0.43228551 -0.32710037
H -1.27591389 -0.35046030 -0.64279815
CH»

0,1

C 0.56228025 -0.06234818 -0.03601928
C -0.56231304 0.33833442 0.03615268
H 1.56051330 -0.41785775 -0.10022119
H -1.56048051 0.69409751 0.10008878
CH3N

0,1

C -0.48845175 -0.00073634 0.00208419
C 0.96638263 0.00056510 -0.00462962
N 2.11608644 0.00326838 -0.00919701
H -0.86804491 -0.63943299 -0.79478099
H -0.86000079 -0.37363783 0.95601421
H -0.86597063 1.00997369 -0.14949179
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0.60183501
-0.60151421
1.16307981
1.07501036
-1.07519816
-1.16321282

-0.82917537
-0.02692878

1.21230187
-0.35619773

-0.35866221
0.99891087
-0.62489730
-0.96643225
-0.60663237
1.55771326

0.00080403
-0.52918824
-0.10356420
-0.42260132

1.05455073

-0.00269854
-0.08856779

1.15508363
-1.00912840
-0.05468889

0.06096972
-0.06091000
-0.80043220

1.02656453
-1.02633612

0.80014507

-0.95374719
0.09217903
-0.35447912
1.21604729

-0.03029044
-0.40948166
0.09824988
-0.83634978
0.89019117
0.28768083

-0.00061612
-0.45235153

1.08166300
-0.36288884
-0.26580651

-0.00046065

1.25272721
-0.53062933
-0.71726246
-0.00437577

-0.26943890
0.26928632
-0.60866730
-0.39334504
0.39345860
0.60870532

-0.03601659
-0.00121233

0.05326426
-0.01603523

-0.01916419
-0.19204594
1.03534937
-0.42669653
-0.55826082
0.16081911

-0.00045168
-0.83651924
-0.04763505

0.93436942
-0.04976344

0.06239118
-0.40452881
-0.35252528
-0.45587459

1.15053750
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CHFO

— MO OL

H>0»
0,1

T~ T~ O O

N2Hg

TToTTTZZ2L

-0.08808972
-0.87363892

1.23967338
-0.27794575

-0.62916127
0.62386399
-1.17702480
1.18232209

-0.67922133
0.69613689
-1.01223911
-1.22674247
1.26085277
0.96121325

0.00189004
-0.87343545
-0.20200107

1.07354649

-0.25771350
-0.25945913
0.27403723
0.24313541

-0.25309764
-0.20100235
0.64711273
-0.50299283
-0.41289561
0.72287570

0.00578861
-0.02432743
-0.09805348

0.11659230

-0.36304843
0.37073927
0.22863986

-0.23633070

-0.20356341
0.20452571
-0.53418619
0.60908657
-0.60715298
0.53129031
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