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Introductions, motivations 
The most modern fourth generation DFT dispersion corrections (D4 VDW corrections) have 

been implemented in our software based on the article of [Caldeweyher E, Ehlert S, Hansen A, 

Neugebauer H, Spicher S, Bannwarth C, Grimme S. A generally applicable atomic-charge 

dependent London dispersion correction. The Journal of Chemical Physics. 

2019;150(15):154122].  

The two-body dispersion energies are approximated with the 
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equation. We cannot go into every detail here, but we note that Sn are optimizable parameters 

where S6 is usually kept one for most functionals and S8 are optimized for each supported 

functionals. The most frequently used “damping” function has the form of  
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where the 𝑎1 and the 𝑎2 are also optimizable parameters. The value of the damping function is 

1 at the asymptotically large atomic separation where the simple dispersion energy equation 

above is valid and smoothly goes to 0 with decreasing the atomic distance where the DFT 

functional takes over the description of the electron correlations. Thus,  𝑎1 and 𝑎2 are also 

functional dependent parameters. Traditionally all four parameters are determined by DFT 

calculations for popular functionals using large basis sets close to the basis set limits and fitted 

to very high quality CCSD(T)-CBS standard intermolecular interaction benchmark data sets. We 

discovered, however, that the assumption of these parameters to be basis set independent is 

an inaccurate approximation in some cases and significant accuracy gains can be obtained for 

medium size and very practical basis sets by optimizing S8, 𝑎1, 𝑎2parameters for 

functional/basis set combinations. For instance, the RMSD error of the DFT-D4 energies 

compared to the accurate CCSD(T)-CBS energies in the S66x8 standard intermolecular 

benchmark set using revTPSS functional and def2-svpd basis set is 1.6 Kcal/mol using the 

published D4 parameters. This error is rather large and even good quality force fields can provide 

more accurate results. After optimization of the S8, 𝑎1, 𝑎2parameters using our private 

CCSD(T)-CBS data set we have repeated the same DFT-D4 calculations for the S66x8 standard 

set by using it as the test set. We noticed that the RMSD error of the interaction energies was 
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reduced from 1.6 Kcal/mol to 0.62 Kcal/mol. This is a very significant improvement in accuracy. 

It is easy to understand the reason why such improvements are possible. Medium size basis 

sets like the def2-SVPD have some significant BSSE (Basis Set Superposition Error) which 

make intermolecular interaction artificially too strong while using very large basis sets close to 

the basis set limits the BSSE is negligible. When the VDW dispersion corrections are optimized 

using very large basis sets the resulting corrected DFT-D4 interactions energies are close to the 

reference energies (CCSD(T)-CBS) but obviously if we add the same VDW D4 corrections to 

the DFT energies obtained with medium basis set with some significant BSSE then we 

overestimate the reference interaction energies due to the BSSE. It is therefore much more 

beneficial to have a different VDW correction which goes down to zero more rapidly with the 

decrease of atom-atom distances than the original VDW correction does. Since medium size 

basis sets are the most important in practical computational drug design projects this research 

and developments offer significant impact in improving the accuracy of practical VDW corrected 

DFT-D4 calculations and this is the primary motivation of this work. Our QFDFT software can 

now offer not only exceptional calculation speed but also superior accuracy upon the re-

parameterization of S8,  𝑎1 and 𝑎2 parameters. 

There are two important notes to highlight before we jump into the details. First, note that we do 

not look for general conclusions for all quantum chemistry problems. We want to focus on 

problems that are dominating the computational drug design field i.e., we would like to have 

accurate intermolecular interaction energies and accurate geometries since this is essential for 

a large range of problems from protein ligand interactions and interaction with solvent molecules, 

through the important non bonded interactions in conformational and strain energies to organic 

crystal structure and solubility predictions. Second, note that we do not want to develop a much 

more sophisticated method that can deal with all deficiencies coming from some basis sets. If 

we obtain three new D4 parameters for our supported basis set/functional combinations, then 

the calculation expenses do not change at all and implementing three new parameters for each 

functional-basis set pairs requires practically negligible development time (which is ideal for our 

startup company). 

At the moment QFDFT supports PBE, BP86, TPSS, revTPSS, RGE2, revSCAN, R2SCAN, 

revM06_L functionals and 6-311G**, 6-311G++**, 6-311G(df,pd), 6-311G++(df,pd), def2-SVP, 

def2-SVPD, def2-TZVP basis sets for production calculations and additional pc2 and def2-

TZVPPD large basis sets for special tests purposes. We have optimized the D4 parameters for 

all functional and production basis set pairs. revM06_L functional does not need VDW 

corrections of course. The training set utilizes our private CCSD(T)-CBS dimer set with nearly 

200 dimers having 10+ points each along a given direction of interaction. This training set has 

some minimal overlap with the S66x8 benchmark set which we used as a test set. Note, that the 

S66x8 set was part of the training set in the parameter optimizations of Professor Grimme’s 

research group and therefore we expect that at large basis sets using Grimme’s parameters 
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provide slightly more accurate results for the S66x8 set but it does not necessary mean that it is 

more accurate in general since the optimum values are different for our training set for instance. 

Nevertheless, the differences are very small for large basis sets as we will show below.  QFDFT 

program automatically utilizes the optimal QF VDW D4 parameters for all production calculations 

and with a simple command line option one can request to use Grimme’s parameters if it is 

desired by the user and if it is available. The revSCAN and the RGE2 funtionals, for instance, 

do not have optimized Grimme’s D4 parameters as far as we know. In addition, our 

parameterization is not considering exclusively the energy values of the dimer’s data set and we 

have added two more quantities both in the training phase to obtain optimized D4 parameters 

and we calculate those quantities in the testing phase as well. First, we have determined the 

minimum locations and the minimum energies for all dimers based on the CCSD(T)-CBS and 

the actual model energy curves by fitting a simple quadratic function at their minimum and we 

considered the RMSD of the minimum locations as well as the RMSD of the minimum energies 

in our parameter optimization process. In this analysis we have determined the same quantities 

for the S66x8 test set and we tabulated the RMSD and the MD (mean deviation) of all energy 

points compared to the CCSD(T)-CBS indicated as (A) in the tables, the RMSD and the MD of 

the minima locations indicated as (ML) in the tables and RMSD and MD for the minima energies 

indicated as (MV) that stands for minima values. There are some rare cases when the given 

model energy curve is repulsive. We simply excluded those dimers in the statistics of the 

minimum locations and minimum values. All energies are in Kcal/mol and the geometry stats are 

based on using Angstrom. 
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The good results 
 

The table below shows our best results using revSCAN, revTPSS and R2SCAN functionals and 

def2-TZVP, 6-311++G**, 6-311++G*(df,pd) basis sets. Any combination of these basis sets and 

functionals, regardless of whether we use QF or Grimme’s D4 parameters, provide accurate 

results with only some minor differences here and there. The revSCAN functional with QF 

parameters seems to be the most accurate one. We have not found optimized D4 parameters 

yet from Grimme’s group for the revSCAN functional. Both QF and Grimme’s D4 parameters are 

available for revTPSS and R2SCAN functionals and can be chosen with a simple command line 

option in all our QF applications. The default is QF D4.    
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Table 1. Overall statistics of accuracy of dispersion corrected DFT (DFT-D4) calculations for S66x8 
intermolecular interaction sets using different basis sets, functionals and VDW D4 parametrizations. (A) 
→ All points, (ML) → Minima Locations, (MV) → Minima Values.  All energies are in Kcal/mol, distances 
are in Angstrom. 
 

Functional Basis Set, Origin of D4 
Parameters 

RMSD(A) RMSD(ML) RMSD(MV) 

RevSCAN def2-TZVP, QF D4 0.414 0.0133 0.489 

RevSCAN 6-311G++(df,pd), QF D4 0.434 0.0128 0.521 

RevSCAN 6-311G++**, QF D4 0.451 0.0140 0.534 

RevTPSS def2-TZVP, QF D4 0.544 0.0114 0.640 

RevTPSS def2-TZVP, Grimme’s D4 0.439 0.0130 0.513 

RevTPSS 6-311G++(df,pd), QF D4 0.547 0.0125 0.634 

RevTPSS 6-311G++(df,pd), Grimme’s D4 0.721 0.0150 0.833 

RevTPSS 6-311G++**, QF D4 0.558 0.0117 0.656 

RevTPSS 6-311G++**, Grimme’s D4 0.653 0.0127 0.762 

R2SCAN def2-TZVP, QF D4 0.572 0.0176 0.657 

R2SCAN def2-TZVP, Grimme’s D4 0.529 0.0138 0.651 

R2SCAN 6-311G++(df,pd), QF D4 0.534 0.0162 0.631 

R2SCAN 6-311G++(df,pd), Grimme’s D4 0.740 0.0133 0.920 

R2SCAN 6-311G++**, QF D4 0.585 0.0177 0.686 

R2SCAN 6-311G++**, Grimme’s D4 0.666 0.0132 0.828 
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The bad results 
 

Table 2. Overall statistics of accuracy of dispersion corrected DFT (DFT-D4) calculations for S66x8 

intermolecular interaction sets using different basis sets, functionals and VDW D4 parameterizations. (A) 

→ All points, (ML) → Minima Locations, (MV) → Minima Values.  All energies are in Kcal/mol, distances 

are in Angstrom. 

Functional Basis Set, Origin of D4 
Parameters 

RMSD(A) RMSD(ML) RMSD(MV) 

RevTPSS def2-SVPD, QF D4 0.573 0.0160 0.651 

RevTPSS def2-SVPD, Grimme’s D4 1.607 0.0290 1.948 

R2SCAN def2-SVPD, QF D4 0.731 0.0175 0.919 

R2SCAN def2-SVPD, Grimme’s D4 1.573 0.0246 1.946 

PBE def2-SVPD, QF D4 0.747 0.0387 0.757 

PBE def2-SVPD, Grimme’s D4 1.744 0.0263 2.125 

 

 

All results are very inaccurate and basically below force filed quality by using D4 parameters 

from Grimme’s group which were optimized using a very large basis set. This statement is true 

for all functionals that we have tested so far. The QF optimized D4 parameters make the def2-

SVPD basis set much more reasonable for DFT-D4 calculations. Having said that the 

computational costs with the def2-SVPD basis set are very similar, almost the same as with 

def2-TZVP using QFDFT and the later basis set looks to be more accurate and therefore 

choosing def2-TZVP or even 6-311++G** basis set is recommended.      
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The ugly results 
 

Table 3. Overall statistics of accuracy of dispersion corrected DFT (DFT-D4) calculations for S66x8 

intermolecular interaction sets using different basis sets and VDW D4 parametrizations for the BP86 

functional. (A) → All points, (ML) → Minima Locations, (MV) → Minima Values.  All energies are in 

Kcal/mol, distances are in Angstrom. 

Basis Set, Origin of D4 

Parameters 

RMSD(A) RMSD(ML) RMSD(MV) 

def2-TZVP, QF D4 0.706 0.0244 0.755 

def2-TZVP, Grimme’s D4 1.606 0.0137 1.989 

6-311G++(df,pd), QF D4 0.624 0.0189 0.712 

6-311G++(df,pd), Grimme’s D4 1.732 0.0171 2.134 

6-311G++**, QF D4 0.688 0.0246 0.765 

6-311G++**, Grimme’s D4 1.664 0.0163 2.055 

def2-TZVPPD, Grimme’s D4 1.352 0.0121 1.693 

 

 

The results above clearly indicate that something could be wrong with Grimme’s D4 parameter 

for BP86 functional because regardless of the choice of the basis set, we obtained extremely 

inaccurate and below force field quality results. After triple checking our implementation, we have 

contacted Professor Grimme’s research group, and we have received the following reply: 
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“Hi Laszlo, 
 
interesting question. I investigated a bit and found out that the BP functional as 
implemented in Turbomole is using a different LDA correlation functional than Orca. If I 
recall correctly I performed the BP calculations with Turbomole back then. 
 
Whether this actually has an impact on the D4 parameters needs checking, I haven't 
recalculated the BP interactions with Orca yet to redo the fit and see whether this might 
be the cause. On the other hand it might just be a suboptimal fit for the BP functional 
with D4. 
 
That's all I have at the moment.” 

 

Based on this reply it seems to us that perhaps not the correct BP86 functional has been used 

during the D4 parameterizations at Professor Grimme’s research group. We hope that the 

situation is not the same for the previous generation D3 parameterizations because almost 

countless scientific papers, proposals, reports have been using DFT with dispersion corrected 

BP86 functional over the last decades or so, and having such blow for the accuracy of all such 

published results would not look good for the community. Note also that the results could be 

much more accurate by using the same incorrectly implemented BP86 functional which had 

been used during the parameterizations. Our applications obviously do not support Grimme’s 

D4 parameters for DFT-D4 calculations with the BP86 functional while the QF optimized D4 

parameters provides reasonably accurate results.     
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Appendix: All raw data 

 

All tables below: Overall statistics of accuracy of dispersion corrected DFT (DFT-D4) calculations for S66x8 intermolecular 

interaction sets using different basis sets, functionals and VDW D4 parametrizations except the revM06_L functional which does 

not use any VDW corrections.  

(A)→ All Energy Points,  

(ML)→ Minima Locations,  

 (MV)→ Minima Energy Values 

All energies are in Kcal/mol, distances are in Angstrom. 

 

PBE (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.521 0.0437 1.730 -0.514 0.0195 -0.664 

6-311G++**   QF D4 0.682 0.0185 0.816 -0.397 0.000716 -0.488 

6-311G(df,pd)   QF D4 1.554 0.0453 1.749 -0.456 0.0201 -0.555 

6-311G++(df,pd)   QF D4 0.663 0.0194 0.771 -0.350 0.00347 -0.425 

6-311G**   Grimme D4 1.895 0.0222 2.286 -1.454 -0.0152 -1.927 

6-311G++**   Grimme D4 0.818 0.0162 0.985 -0.649 -0.00270 -0.833 

6-311G(df,pd)   Grimme D4 1.932 0.0241 2.323 -1.501 -0.0184 -1.984 

6-311G++(df,pd)   Grimme D4 0.843 0.0157 1.010 -0.697 -0.00521 -0.892 
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PBE (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.938 0.0446 2.266 -0.783 0.0139 -1.042 

def2-SVPD         QF D4 0.747 0.0387 0.757 -0.225 0.0194 -0.263 

def2-TZVP         QF D4 0.667 0.0197 0.790 -0.351 0.00200 -0.443 

def2-SVP            Grimme D4 2.415 0.0290 2.890 -1.805 -0.0223 -2.403 

def2-SVPD         Grimme D4 1.744 0.0263 2.125 -1.490 -0.0225 -2.012 

def2-TZVP         Grimme D4 0.737 0.0178 0.874 -0.537 0.00102 -0.696 

PC2                     Grimme D4 0.566 0.0186 0.665 -0.364 0.00341 -0.485 

def2-TZVPPD   Grimme D4 0.416 0.0184 0.471 -0.248 0.00471 -0.330 
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TPSS (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.296 0.0371 1.512 -0.600 0.0130 -0.726 

6-311G++**   QF D4 0.759 0.0175 0.894 -0.599 -0.00208 -0.727 

6-311G(df,pd)   QF D4 1.304 0.0333 1.534 -0.643 0.00889 -0.778 

6-311G++(df,pd)   QF D4 0.726 0.0169 0.842 -0.581 -0.00289 -0.696 

6-311G**   Grimme D4 1.621 0.0239 1.941 -1.254 -0.0145 -1.626 

6-311G++**   Grimme D4 0.745 0.0203 0.869 -0.565 -0.00170 -0.673 

6-311G(df,pd)   Grimme D4 1.660 0.0262 1.998 -1.297 -0.0186 -1.700 

6-311G++(df,pd)   Grimme D4 0.799 0.0193 0.920 -0.614 -0.00503 -0.736 
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TPSS (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.628 0.0611 1.862 -0.440 0.0279 -0.575 

def2-SVPD         QF D4 0.734 0.0257 0.845 -0.520 0.00302 -0.619 

def2-TZVP         QF D4 0.671 0.0191 0.795 -0.495 -0.000471 -0.610 

def2-SVP            Grimme D4 2.088 0.0308 2.551 -1.553 -0.0185 -2.091 

def2-SVPD         Grimme D4 1.663 0.0274 1.992 -1.337 -0.0226 -1.773 

def2-TZVP         Grimme D4 0.580 0.0256 0.668 -0.378 0.00550 -0.440 

PC2                     Grimme D4 0.441 0.0261 0.498 -0.199 0.00756 -0.219 

def2-TZVPPD   Grimme D4 0.365 0.0262 0.395 -0.0992 0.00960 -0.0884 
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revTPSS (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.161 0.0216 1.376 -0.506 0.00503 -0.592 

6-311G++**   QF D4 0.558 0.0117 0.656 -0.423 -0.00302 -0.501 

6-311G(df,pd)   QF D4 1.130 0.0196 1.347 -0.531 0.000650 -0.632 

6-311G++(df,pd)   QF D4 0.547 0.0125 0.634 -0.433 -0.00713 -0.516 

6-311G**   Grimme D4 1.501 0.0228 1.802 -1.178 -0.0195 -1.555 

6-311G++**   Grimme D4 0.653 0.0127 0.762 -0.500 -0.00759 -0.607 

6-311G(df,pd)   Grimme D4 1.536 0.0261 1.851 -1.216 -0.0230 -1.625 

6-311G++(df,pd)   Grimme D4 0.721 0.0150 0.833 -0.546 -0.0107 -0.669 
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revTPSS (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.541 0.0511 1.792 -0.255 0.0232 -0.321 

def2-SVPD         QF D4 0.573 0.0160 0.651 -0.407 0.000517 -0.462 

def2-TZVP         QF D4 0.544 0.0114 0.640 -0.415 -0.00371 -0.503 

def2-SVP            Grimme D4 1.903 0.0260 2.301 -1.420 -0.0201 -1.909 

def2-SVPD         Grimme D4 1.607 0.0290 1.948 -1.2679 -0.0255 -1.718 

def2-TZVP         Grimme D4 0.439 0.0130 0.513 -0.290 -0.000286 -0.323 

PC2                     Grimme D4 0.295 0.0145 0.346 -0.110 0.00313 -0.101 

def2-TZVPPD   Grimme D4 0.256 0.0197 0.294 -0.0172 0.00566 0.0231 
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revSCAN (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.118 0.0253 1.300 -0.017 0.0036 -0.082 

6-311G++**   QF D4 0.451 0.0140 0.534 -0.182 0.0023 -0.238 

6-311G(df,pd)   QF D4 1.084 0.0234 1.272 -0.101 -0.0007 -0.198 

6-311G++(df,pd)   QF D4 0.434 0.0128 0.521 -0.216 0.0004 -0.276 

 

 

 

revSCAN (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.319 0.0262 1.566 -0.184 -0.0033 -0.332 

def2-SVPD         QF D4 0.598 0.0148 0.739 -0.329 -0.0084 -0.481 

def2-TZVP         QF D4 0.414 0.0133 0.489 -0.135 0.0003 -0.188 
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R2SCAN (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.213 0.0237 1.451 -0.213 -0.0031 -0.368 

6-311G++**   QF D4 0.585 0.0177 0.686 -0.020 0.0030 -0.046 

6-311G(df,pd)   QF D4 1.195 0.0229 1.441 -0.288 -0.0073 -0.476 

6-311G++(df,pd)   QF D4 0.534 0.0162 0.631 -0.024 0.0009 -0.052 

6-311G**   Grimme D4 1.414 0.0209 1.740 -1.020 -0.0143 -1.412 

6-311G++**   Grimme D4 0.666 0.0132 0.828 -0.486 -0.0052 -0.666 

6-311G(df,pd)   Grimme D4 1.479 0.0228 1.826 -1.095 -0.0179 -1.525 

6-311G++(df,pd)   Grimme D4 0.740 0.0133 0.920 -0.575 -0.0082 -0.784 
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R2SCAN (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.481 0.0272 1.805 -0.386 -0.0100 -0.634 

def2-SVPD         QF D4 0.731 0.0175 0.919 -0.485 -0.0135 -0.721 

def2-TZVP         QF D4 0.572 0.0176 0.657 0.019 0.0026 -6.38e-05 

def2-SVP            Grimme D4 1.740 0.0270 2.157 -1.193 -0.0210 -1.687 

def2-SVPD         Grimme D4 1.573 0.0246 1.946 -1.291 -0.0228 -1.789 

def2-TZVP         Grimme D4 0.529 0.0138 0.651 -0.301 -0.0035 -0.427 

PC2                     Grimme D4 0.449 0.0137 0.544 -0.185 -0.0023 -0.268 

def2-TZVPPD   Grimme D4 0.355 0.0124 0.427 -0.122 -0.0017 -0.193 
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RGE2 (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.487 0.0431 1.732 -0.705 0.0146 -0.855 

6-311G++**   QF D4 0.864 0.0200 1.015 -0.687 -0.00527 -0.834 

6-311G(df,pd)   QF D4 1.480 0.0378 1.729 -0.768 0.00762 -0.905 

6-311G++(df,pd)   QF D4 0.822 0.0196 0.957 -0.661 -0.00703 -0.797 

 

 

 

RGE2 (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.828 0.0652 2.094 -0.612 0.0255 -0.750 

def2-SVPD         QF D4 0.818 0.0299 0.932 -0.582 0.00250 -0.690 

def2-TZVP         QF D4 0.741 0.0215 0.873 -0.541 -0.00265 -0.660 
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revM06_L (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**    0.926 0.0246 1.024 -0.299 0.0189 -0.637 

6-311G++**    0.641 0.0301 0.549 0.141 0.0276 -0.0403 

6-311G(df,pd)    0.934 0.0229 1.067 -0.389 0.0171 -0.748 

6-311G++(df,pd)    0.612 0.0290 0.569 0.103 0.0262 -0.0995 

 

 

 

revM06_L (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP             0.998 0.0197 1.136 -0.406 0.0123 -0.770 

def2-SVPD          1.051 0.0206 1.417 -0.689 0.0127 -1.122 

def2-TZVP          0.580 0.0265 0.516 0.115 0.0240 -0.0791 

PC2                      0.555 0.0242 0.493 0.153 0.0212 -0.0220 

def2-TZVPPD    0.595 0.0277 0.568 0.184 0.0249 0.00152 
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BP86 (Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

6-311G**   QF D4 1.541 0.0419 1.709 -0.557 0.0230 -0.758 

6-311G++**   QF D4 0.688 0.0246 0.765 -0.311 0.0121 -0.415 

6-311G(df,pd)   QF D4 1.540 0.0431 1.703 -0.515 0.0235 -0.694 

6-311G++(df,pd)   QF D4 0.624 0.0189 0.712 -0.361 0.00798 -0.470 

6-311G**   Grimme D4 2.679 0.0265 3.283 -2.292 -0.0232 -3.127 

6-311G++**   Grimme D4 1.664 0.0163 2.055 -1.436 -0.0111 -1.944 

6-311G(df,pd)   Grimme D4 2.726 0.0273 3.348 -2.328 -0.0250 -3.186 

6-311G++(df,pd)   Grimme D4 1.732 0.0171 2.134 -1.480 -0.0128 -2.002 
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BP86 (non-Pople basis sets) RMSD(A) RMSD(ML) RMSD(MV) MD(A) MD(ML) MD(MV) 

def2-SVP            QF D4 1.903 0.0397 2.183 -0.872 0.0156 -1.170 

def2-SVPD         QF D4 0.755 0.0364 0.714 -0.292 0.0220 -0.377 

def2-TZVP         QF D4 0.706 0.0244 0.755 -0.351 0.0140 -0.490 

def2-SVP            Grimme D4 3.191 0.0339 3.938 -2.654 -0.0317 -3.689 

def2-SVPD         Grimme D4 2.799 0.0303 3.477 -2.344 -0.0281 -3.235 

def2-TZVP         Grimme D4 1.606 0.0137 1.989 -1.393 -0.00876 -1.896 

def2-TZVPPD   Grimme D4 1.352 0.0121 1.693 -1.110 -0.00567 -1.532 

 

 


