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Figure S1: Comparison of tautomer state energies calculated with CCSD(T), MP2 and various DFT methods and def2-QZVPP basis set the 13 molecules.in SMD continuum solvation model.
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Figure S2: Comparison of tautomer state energies calculated with CCSD(T), MP2 and various DFT methods and def2-QZVPP basis set the 13 molecules.in gas-phase.
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Figure S3:  SMD water solvation tautomer state energy differences in kcal/mol relative to CCSD(T) energy differences for each state for each density functional method and MP2 for calculations (Note that y-axis scales are different for the plots).
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Figure S4: Gas-phase tautomer state energy differences in kcal/mol relative to CCSD(T) energy differences for each state for each density functional method and MP2 for calculations (Note that y-axis scales are different for the plots).
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Figure S5: Comparison of tautomer state energies in kcal/mol calculated with CCSD(T), HF, semiempirical, cost-optimized DFT and all-atom force-field OPLS4 for the 13 molecules with different method default solvent models (see Methods for details).
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Figure S6: Comparison of tautomer state energies in kcal/mol calculated with CCSD(T), HF, semiempirical, cost-optimized DFT and all-atom force-field OPLS4 for the 13 molecules in gas-phase.
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Figure S7: Tautomer state energy differences in kcal/mol relative to CCSD(T) energy differences for each state for various low-cost quantum-mechanics, semiempirical and DFT methods for calculations in solvent water. (Note that y-axis scales are different for the plots).
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Figure S8: Tautomer state energy differences in kcal/mol relative to CCSD(T) energy differences for each state for various low-cost quantum-mechanics, semiempirical and DFT methods for calculations in gas-phase. (Note that y-axis scales are different for the plots).


	
	Tautomer energy deltas
	Deltas to experiment

	pair
	dE (exp) kcal/mol
	M06-2X /Q
	M06-2X /T
	r2SCAN-3c
	CCSD(T) /Q
	M06-2X /Q
	M06-2X /T
	r2SCAN-3c
	CCSD(T) /Q

	1A_1B
	-4.80
	-3.40
	-3.60
	-5.76
	-3.21
	1.40
	1.20
	-0.96
	1.59

	2A_2B
	-6.10
	-6.38
	-6.55
	-7.96
	-5.92
	-0.28
	-0.45
	-1.86
	0.18

	3A_3B
	-7.20
	-7.63
	-7.93
	-9.34
	-7.27
	-0.43
	-0.73
	-2.14
	-0.07

	4A_4B
	-2.30
	0.82
	0.63
	-2.29
	0.99
	3.12
	2.93
	0.01
	3.29

	5A_5B
	-4.80
	-3.56
	-3.77
	-5.54
	-3.28
	1.24
	1.03
	-0.74
	1.52

	6A_6B
	-9.20
	-10.81
	-11.16
	-12.28
	-10.34
	-1.61
	-1.96
	-3.08
	-1.14

	7A_7B
	7.00
	5.16
	5.74
	6.36
	6.23
	-1.84
	-1.26
	-0.64
	-0.77

	10B_10C
	-2.90
	-1.14
	-1.22
	-3.85
	-0.83
	1.76
	1.68
	-0.95
	2.07

	10D_10C
	-1.20
	-1.14
	-1.22
	-3.85
	-0.83
	0.06
	-0.02
	-2.65
	0.37

	12D_12C
	-1.80
	-0.10
	-0.12
	-2.71
	0.08
	1.70
	1.68
	-0.91
	1.88

	14D_14C
	0.30
	1.20
	1.00
	-0.10
	2.65
	0.90
	0.70
	-0.40
	2.35

	15A_15B
	0.90
	2.88
	3.24
	5.56
	4.07
	1.98
	2.34
	4.66
	3.17

	15A_15C
	-1.20
	2.87
	3.31
	3.82
	5.65
	4.07
	4.51
	5.02
	6.85

	15B_15C
	-2.20
	-0.02
	0.07
	-1.74
	1.59
	2.18
	2.27
	0.46
	3.79


Table T1: Calculated energy differences for the SAMPL2 subset compounds with four methods selected and deltas between experimental and calculated energy differences in kcal/mol. Q denotes def2-QZVPP and T denotes def2-TZVP basis sets, respectively.
	
	Tautomer energy deltas
	Absolute energy delta to CCSD(T)

	pair
	M06-2X /Q
	M06-2X /T
	r2SCAN-3c
	CCSD(T) /Q
	M06-2X
/Q
	M06-2X 
/T
	r2SCAN-3c

	1A_1B
	2.68
	2.34
	-0.11
	2.10
	0.57
	0.24
	2.21

	2A_2B
	-1.96
	-2.28
	-3.82
	-2.14
	0.18
	0.14
	1.68

	3A_3B
	-3.64
	-4.04
	-5.62
	-3.92
	0.28
	0.12
	1.70

	4A_4B
	9.08
	8.74
	5.16
	8.94
	0.13
	0.20
	3.79

	5A_5B
	1.13
	0.78
	-1.35
	0.68
	0.46
	0.11
	2.03

	6A_6B
	-10.48
	-10.98
	-12.37
	-10.45
	0.03
	0.52
	1.92

	7A_7B
	10.21
	11.06
	11.46
	11.16
	0.94
	0.09
	0.30

	10B_10C
	5.41
	5.15
	2.34
	5.17
	0.25
	0.02
	2.83

	10D_10C
	5.41
	5.15
	2.34
	5.17
	0.25
	0.02
	2.83

	12D_12C
	8.03
	7.82
	5.11
	7.72
	0.32
	0.10
	2.61

	14D_14C
	4.99
	4.63
	3.48
	6.26
	1.26
	1.62
	2.78

	15A_15B
	1.85
	2.43
	5.07
	3.52
	1.67
	1.08
	1.56

	15A_15C
	7.75
	8.43
	8.81
	10.85
	3.11
	2.42
	2.04

	15B_15C
	5.90
	6.00
	3.74
	7.34
	1.44
	1.34
	3.60

	mean
	
	
	
	
	0.8
	0.6
	2.3

	median
	
	
	
	
	0.4
	0.2
	2.1

	max
	
	
	
	
	3.1
	2.4
	3.8

	min
	
	
	
	
	0.0
	0.0
	0.3


Table T1: Calculated gas-phase tautomer energy differences for the SAMPL2 subset compounds with four methods selected and deltas between CCSD(T) and respective method’s tautomer energy deltas in kcal/mol. Q denotes def2-QZVPP and T denotes def2-TZVP basis sets.
image3.png
19.00

8
P
o
[}

/—"\/\/\/

©
o
S

4.00 W

rel. tautomer energies [kcal/mol]

—_———
Q & P 4t 4 & &R
%o\ & QQ)Q, & 5@.% ;» ~\ @2 3
& QN w\\

-1.00

—e-m03.1] =#=m03.2 =e-m03.3 =e-m03.4
~e-m03.5 =#=m03.6 =—e=m03.7 =—e=m03.8





image93.png
15.00

10.00

5.00

dE(method -CCSD(T))
5 & o
o o o
s & o

-15.00

-20.00

-25.00

Em02.2 ®Em023 ®m024 Mm02.5a Em02.5b Wm02.6a

Em02.6b EMm02.7a Mm02.7b Mm02.8a M m02.8b

I‘FF"'F

AM1 PM3 GFN2-xTB HF-3c PBEh-3c B97-3c r2SCAN-3c





image94.png
15.00

10.00

o
o
S

o
o
S

dE(method -CCSD(T))
5 &
o o
o o

-15.00

-20.00

-25.00

JL 1 - | ].J_ b = . -
[ r-F-

AM1

PM3

GFN2-xTB

HF

HF-3c

mmo03.2

mm03.6

PBEh-3c

mmo03.3

mm03.7

B97-3c

mmo03.4 mmo03.5

Em03.8

r2SCAN-3c





image95.png
15.00

13.00

11.00

dE(method -CCSD(T))

9.00

7.00

5.00

3.00

1.00

-1.00

-3.00

-5.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

Hm04.2

r2SCAN-3c





image96.png
5.00

3.00

1.00

-1.00

-3.00

-5.00

-7.00

dE(method -CCSD(T))

-9.00

-11.00

-13.00

-15.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

Hm05.2

r2SCAN-3c





image97.png
10.00

5.00

dE(method -CCSD(T))
15
o
o

-20.00

-25.00

-30.00

T

AM1

F

PM3

- r_.l

GFN2-xTB

HF

IG._-_.‘....I-.___.

HF-3c

PBEh-3c

Em06.2  mm06.3a

B mo06.4b  ®m06.5a

B97-3c

B m06.3b®mo06.4a

B m06.5b WmO06.6

r2SCAN-3c





image98.png
10.00
7

] T B R

- = A
10.00
Emo07.2 mm07.3a ®Wm07.3b mmO07.4a
B m07.4b WmO07.5a  MmO07.5b W mO07.6

o
o
o

dE(method -CCSD(T))
&
o
o

-15.00

-20.00
B97-3c r2SCAN-3c

AM1 PM3 GFN2-xTB HF HF-3c PBEh-3c





image99.png
4.00

dE(method -CCSD(T))

& & & o 0w
o o o o o
S] <] <] S S

-8.00

-10.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

Hm08.2

r2SCAN-3c





image100.png
10.00

H.
5 & o
o o o
o o o

E(method -CCSD(T))

d
flry
¢
o
o

-20.00

-25.00

AM1

PM3

GFN2-xTB

HF

hﬂ._ll_-.l

HF-3c

PBEh-3c

B m09.2

m m09.5

B97-3c

B m09.3  ®m09.4

B m09.6

r2SCAN-3c





image101.png
15.00
10

10.00

5.00

4 d —_—

0.00
-5.00 . .
10.00

15.00

(method -CCSD(T))

%520.00 mm10.2 mm10.3

-25.00 ®mml10.4 mml0.5
-30.00

-35.00
AM1 PM3 GFN2-xTB HF HF-3c PBEh-3c B97-3c r2SCAN-3c





image102.png
10.00

5.00

0.00

-5.00

dE(method -CCSD(T))

10.00

-15.00

-20.00

AM1

PM3

GFN2-xTB

HF

11

HF-3c

PBEh-3c

B97-3c

mmll.2a

Emll.2b

r2SCAN-3c





image4.png
25.00 6

520.00
£

=

<
215.00
®

[

2

o

[

E10 .00
2

5

z R e S S,
©

o
o
S

N—\-—O‘N——‘

0.00 ——r—o—o—o—o—0—0—9
A F & & A+ 4F & & R
Q& &L 5 $\q S

& (y %« S &
—e—m06.1 —o—m06 2 —o—m06 3a
=o—=m06.3b —e—m06.4a —e—m06.4b
—e—m06.5a —e—m06.5b —e—m06.6





image103.png
20.00

15.00

10.00

5.00

0.00

-5.00

dE(method -CCSD(T))

-10.00

-15.00

-20.00

AM1

PM3

GFN2-xTB

HF

12

HF-3c

PBEh-3c

B97-3c

Emil2.2

r2SCAN-3c





image104.png
=
o
o
[}

dE(method -CCSD
o w
o o
o o

¢
Q
=]

-10.00

-15.00

AM1

PM3

GFN2-xTB

HF

13

HF-3c

PBEh-3c

B97-3c

Eml3.2a Emil3.2b

r2SCAN-3c





image5.png
1.00

o o Q Q Q
L =] 1 < 0
o <) [S] < <

[low/[e2y] mw_m‘_w,cw ‘_wEow:mu ‘124

—o—m04.2

—e—m04.1





image6.png
4.00

g = g [nd w w
o « o «u o wu
S o S o S o

rel. tautomer energies [kcal/mol]

I
w
o

0.00 &





image7.png
25.00

£

=

©

=)

£15.00

o

‘U

c

C

%

E1000

2

5

3

500 W

0.00 —o—o—o—o—o—o—0o—o—o—o
Q& & % S ¢ g R R
O & L g S5 @S
0 VL [O-1 & @

q‘;) E @

—e—m07.1 =o—m07.2 —=e—m07.3a
~0-=m07.3b —e=m07.4a =—e=mO07.4b
—e—m07.5a =—=m07.5b =—e=m07.6





image8.png
rel. tautomer energies [kcal/mol]

7.00

6.00

&
o
S

w
o
S

~
o
S

1.00

0.00

Q & & & h
& FEE S g
&

—o—m08.1

S G
$%§¥°Q’

—o—m08.2

<8

@Q'»

*
<





image9.png
rel. tautomer energies [kcal/mol]

20.00

18.00

N
o
o
[}

14.00

12.00 /—"‘"’\/\/
1 /_/\./W

©
o
S

o
o
S

&
o
S

~
o
S

0.00 - ¢—t—t——0—0o—0—0—0—0

A & & & S 4F + R O R
O ¥ L & 58 @S
S TR & SV @

[ &
—e—m09.1 —e—m09.2 —e—m09.3

=o-m09.4 —=e-—m09.5 —o—m09.6





image10.png
30.00

20.00

10.00

rel. tautomer energies [kcal/mol]

5.00

10

25.00 "NW

15.00 .__.__u—os../\'N

0.00 —oe—o—o—o—o—0—o—0o—+

C)Q/\\\ & Q%@ ’8(;7%(’§ %oﬁ*géi‘. ',)\3‘z @Q’L qu
(J(I Qj/ LS ) %’\/
—e—m10.1 —o—m10.2 =e-m10.3

=o-m10.4 ——|

m10.5





image11.png
rel. tautomer energies [kcal/mol]

15.00

13.00

11.00

©
o
S

>
o
S

o
o
S

w
o
S

1.00

- > > >
100 Q& Q5
60\& L Q%@ & s‘y

& %

S &

—o—mll.l =—e=mll.2a =e=mll.2b





image12.png
12

15.00

13.00

Q o o o o
S =1 3 3 3
- ()] ~ wn o
—

[low/[e2y] sa1819ua Jawoiney a4

—e—m12.2

—e—m12.1





image13.png
15.00

13.00

i
o N © g
o o o o
S S S <]

w
o
S

rel. tautomer energies [kcal/mol]

1.00
>

- - - - - - - - -

100 Qv o O QC;—; § + ,;\~ L @ ®
O~ VR & SV & FONR IO
R < A4

S
&

—e—m13.1 =e-=ml3.2a

—e—m13.2b





image14.png
rel. tautomer energies [kcal/mol]

6.00

5.00

4.00

3.00

2.00

1.00

0.00 -

S
&

A & & & ;
QQ L QQ;Q &QL’ ’»(? S

—e—m01.1

S g
$Q7§§Q’

—e—m01.2

S
@“

*
&





image15.png
3

3

)

gjes [kcal/mol]

1

rel. tautomer ener;

N

b

«
Q
=]

N

5.00

0.00 OS¢’ g

L4
o
[}

0.00 s

5.00

0.00 —o—eo—o—o—= *—o—o—o
Q & O S ~\- + R v R
QL& D A5 @S
QN R QQ: Q? & g @
& 7 ® &
—e—m02.1 =o—m02.2 =o-m02.3
~o-m02.4  =—e—=m02.5a =—e=m02.5b
—e—m02.6a =—#=m02.6b =—8=m02.7a





image16.png
rel. tautomer energies [kcal/mol]

28.00

N
w
o
[}

I

©
o
S

w
o
o

-2.00

Q& 5 Q& R
& ® QQ’% Qtj @ :DL%V* NS
&S @Q $ &

—e—m03.1 =e—m03.2 =e-m03.3
—=e-m03.4 —e—m03.5 —e—m03.6
—e—m03.7 —e—m03.8





image17.png
1.00

0.00

Q Q Q
S S S

iy o o
[low/[e2y] sa1813ua Jawo)ney |24

-4.00
-5.00

—e—m04.2

—e—m04.1





image18.png
10.00

rel. tautomer energies [kcal/mol]

NowooA 0 N O
o o o o o o o o
o o o o o o o o

Iy
o
o

0.00

—e—m05.1

A & & ‘aé+*\-
@QQQ’Q%‘”@’
&

F SV @
) i
& E S

—o—m05.2

@Q'»

5

*
<





image19.png
25.00 6

20.00 —* N~

[y
Ll
o
[}

(o
o
Q
=]

ii

o
8
[
)
)
)
)
)
)
)
)
[ ]

rel. tautomer energies [kcal/mol]

-5.00

-10.00
Q& & & & F 4 & & K
N R X g Vo &S
& < T LE P )

—o—m06.1 =o—m06.2 —e-—m06.3a
~o-m06.3b —e=m06.4a —e=m06.4b
—e—m06.5a =—=m06.5b —e=m06.6





image20.png
rel. tautomer energies [kcal/mol]

25.00

20.00

=
Ll
o
[}

=
o
o
[}

5.00
0.00
-5.00
Q & & &
69\ ' F v
S USRS
—e—m07.1 =o—m07.2
=o—=m07.3b =—e=m07.4a
—e—m07.5a =—e=m07.5b

‘\s%

—e-m07.3a
—e—m07.4b
—o—m07.6





image21.png
30.00

=
Ll
o
[}

=
o
o
[}

rel. tautomer energies [kcal/mol]

5.00

0.00 —o—e

2500 ‘\’o—._/\/‘—v—‘

N
=]
Q
=]

Q & & &
N &L

—e—m09.1

—o-—-m09.4

. g
N S S
F N N
FEE 2 Ry

=o—m09.2 =o-m09.3

—e—m09.5 —e—m09.6





image22.png
rel. tautomer energies [kcal/mol]

7.00

5.00

3.00

-3.00

-5.00





image23.png
40.00

10

,__.—v——°~¢/\/\~—‘

5
£30.00
=
©
=
ﬁZS.OO
20
£20.00 ’__‘___._W\.,.
C
@
£15.00 — gemt—em—o—o——0 e
2
5
]
+10.00
S
5.00
0.00 —o—o—o—o—o—o—o—0—0—9
Q& ° P S At g R R
QY R o /\ 2 ~\ NS
SN ‘1 (Y v K\
S L Q
& & R
—e—m10.1 —e—m10.2 —e—m10.3
=o-m10.4 —e—m10.5





image24.png
rel. tautomer energies [kcal/mol]

20.00 1
18.00

16.00

B e
[
o o 9
S © o

8.00

6.00

4.00

2.00

0.00 ——r—t—o—o—o—0—+
A & O & = L
O & &

R + 1%
9 NI @Q
& © § &

—o—mll.l =—e=mll.2a =e=mll.2b

.
&





image25.png
rel. tautomer energies [kcal/mol]

15.00

13.00

-
=
Q
=]

o
=}
S

~
=}
S

il
o
S

w
o
S

12

——— g Y e )
SR QR

NS Ag N
AR O

—.—m12.1

——m12.2





image26.png
rel. tautomer energies [kcal/mol]

15.00 13

13.00

-
Iy
Q
=]

©
o
S

>
o
S

o
o
S

w
o
S

—e—m13.1 =—e-=ml3.2a =e=ml3.2b





image27.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

0.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

Em01.2

B2PLYP





image28.png
dE(method -CCSD(T))

2.50

2.00

1.50

1.00

0.50

0.00

-0.50

-1.00

-1.50

-2.00

-2.50

PBE

Tl

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

mm02.2
W mO02.5b
mmo02.7b

B3LYP

mm02.3
B m02.6a
m m02.8a

- -."—- -J—.'*- b B
e

mmo02.4
W mO02.6b
mmo02.8b

MP2

mm02.5a
Emm02.7a

T

B2PLYP





image29.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.5

o

-1.50

-2.50

2 e
§ "1 & & "§j "m

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

Em03.2 mmo03.3 mmo03.4
mmo03.5 mm03.6 mmo03.7
mm03.8

MP2 B2PLYP





image30.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

0.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

Hm04.2

B2PLYP





image31.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

0.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

mm05.2

B2PLYP





image32.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.5

o

-1.50

-2.50

6 W m06.2 W m06.3a
B m06.:3b mm06.4a
B m06.4b B m06.5a
B m06.5b Hm06.6

Al dd . s

PBE PBEO TPSS R2SCAN wB97-X MO06-2X B3LYP MP2 B2PLYP





image33.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.5

o

-1.50

-2.50

Em07.2 mm07.3a EmO07.3b
Em07.4a Em07.4b M mO07.5a
mm07.5b mMmO07.6

AAaidaar. . »
1 ] r T T 1

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2 B2PLYP





image34.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

Em08.2

B2PLYP





image35.png
dE(method -CCSD(T))

4.50

3.50

2.5

o

1.5

o

-1.50

-2.50

ddul ol

PBE

PBEO

TPSS

R2SCAN

9

wB97-X

MO06-2X

B3LYP

Em09.2

mm09.5

MP2

Em09.3 mm09.4

Em09.6

"

B2PLYP





image36.png
dE(method -CCSD(T))

4.50
10

3.50 Eml10.2 ®mi10.3 ®Wml10.4 mml0.5

add Wl

-2.50
PBE PBEO TPSS R2SCAN wB97-X MO06-2X B3LYP MP2 B2PLYP





image37.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

. .

PBE

PBEO

TPSS

R2SCAN

11

wB97-X

MO06-2X

B3LYP

Emll.2a

MP2

Emll.2b

B2PLYP





image38.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

12

wB97-X

MO06-2X

B3LYP

MP2

Emi2.2

B2PLYP





image39.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

- -~ m ™ 5

PBE

PBEO

TPSS

R2SCAN

13

wB97-X

MO06-2X

B3LYP

mmil3.2a

MP2

Emi3.2b

B2PLYP





image40.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

Em01.2

MO06-2X

B3LYP

MP2

B2PLYP





image41.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

o
o
o

=]
w
o

-1.50

-2.50

PBE

T

Em02.2

PBEO

IJ.__ L 'Ih T._IL_

]

Em02.3

TPSS

mmo02.4

mm02.5a

R2SCAN

B mO02.5b Hm02.6a

wB97-X

HmO02.6b

MO06-2X

Em02.7a

B3LYP

1

EmO02.7b

Hm02.8a

MP2

Lt g

1

H m02.8b

B2PLYP





image42.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

0.5

o

-1.50

-2.50

PBE

r

PBEO

TPSS

R2SCAN

wB97-X

T T

MO06-2X

B3LYP

MP2

B2PLYP





image43.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

0.50

-0.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

Hm04.2





image44.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

Em05.2





image45.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

. ail J el ot ol b e

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

®mO06.
3a

m-mO06.
3b

H.mO06.
4a





image46.png
dE(method -CCSD(T))

4.50

3.50

2.5

o

1.5

o

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

AL .

MP2

._. mor.
2

B2PLYP

mmo07.
3a

mmo07.
3b

mmo7.
4a





image47.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

mm08.2





image48.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

9

Jadda .

PBE

PBEO

TPSS

R2SCAN

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

EmO09.
2

= mO09.

B-mO09.

m.m09.
5





image49.png
dE(method -CCSD(T))

4.50

3.50

2.50

=]
w
o

I
w
o

-2.50

Jdddd oL

PBE

PBEO

TPSS

R2SCAN

10

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

mEml0.
2

Em10.
3

mm10.
4

mm10.
5





image50.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

11

- h h —

Emill.
2b

PBE PBEO TPSS R2SCAN wB97-X MO06-2X B3LYP MP2 B2PLYP





image51.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

PBE

PBEO

TPSS

R2SCAN

12

wB97-X

MO06-2X

B3LYP

MP2

B2PLYP

Emi2.





image52.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

13
——— Emi3.
e e N :
Emi3.
2b

PBE PBEO TPSS R2SCAN wB97-X MO06-2X B3LYP MP2 B2PLYP





image53.png
15.00 1

13.00

[y
N o B
o ©o o
S © o

w un
o o
S o

Iy
o
o

rel. tautomer energies [kcal/mol]

I
Q
=]

&
Q
=]

-5.00
Q O & «Q: X of b oL o0 O
(,“’\ N @ XX & %Q}‘% %«"; é’b OQ\,

C (5( N {f’—)

—e—m01.1 —e—m01.2





image54.png
30.00

25.00
5
£
=20.00
a
2
-
215,00
o0
[
2
o
+510.00
£
2
2 5.00
©
0.00
-5.00
QA N @ <2 X sL o af oo
ISR N W N N
S v T 5 SEPNIRA NI
& & TP
——m02.1 =—e=m02.2 =e=m02.3
—o—-m02.4 —e—m02.5a =—e=m02.5b
—e—m02.6a =—=m02.6b =—e=m02.7a

S
N
&





image55.png
30.00 3

25.00

[ = N
o o o o
o o o o
S <] <] <]

rel. tautomer energies [kcal/mol]

o
o
S

-5.00
Q O @ & & o o of of O
9 &
=e—m03.1 =o—m03.2 =o-=m03.3
—=e-m03.4 =e—-m03.5 —e—m03.6
—e—m03.7 —e—m03.8





image56.png
rel. tautomer energies [kcal/mol]

9.00

7.00

g
o
S

-3.00

-5.00

Q
S
(JL

v &
N

&
—o—m04.1

NN

o o5 o
o
TE P

—o—m04.2





image57.png
4.00

2.00 ‘

-4.00

-6.00

rel. tautomer energies [kcal/mol]

-8.00

-10.00

Q O X R
N
SO O 8

=e—m05.1





image58.png
30.00

25.00

= N
Ll o
o o
[} [}

=
o
o
[}

rel. tautomer energies [kcal/mol]

5.00

0.00 —o—eo—= - *—eo—o—o

SRR O Al Al AL O
MRS W N NN
T F g O
< ] ({—,
—o—m06.1 =o—m06.2 —e-—m06.3a
~o-m06.3b —e=m06.4a —e=m06.4b

—e—m06.5a =—=m06.5b —e=m06.6





image59.png
30.00

25.00

= [N}
Ll o
o o
[} [}

[N
o
o
[}

rel. tautomer energies [kcal/mol]

&

«\'\/’B/\%‘(o,o,,}c,,’,,)o\f;
@\VQQ@*Q\ ’ R

; P
& FE
& ey
[ >

—e—m07.1 =o—m07.2 —=e—m07.3a
~0-=m07.3b —e=m07.4a =—e=mO07.4b
—e—m07.5a =—=m07.5b =—e=m07.6





image60.png
rel. tautomer energies [kcal/mol]

7.00

5.00

3.00

-3.00

-5.00

Q
N

S
&

SERCEP IR
&S

&

—o—m08.1

o o
AN
TE P

—o—m08.2





image61.png
rel. tautomer energies [kcal/mol]

30.00

25.00

[N}
o
o
[}

—
Ll
o
[}

[N
o
o
[}

=o—m09.2

=o—m09.5

=o-m09.3

—o—m09.6





image62.png
40.00

35.00

NN W
e u o
o 9 9
S o© o

N
Ll
o
[}

=
o
o
[}

5.00

rel. tautomer energies [kcal/mol]

0.00

-5.00

Q O O Q K o ob of
S &&*‘ ‘\\"”’Qgé"“’@ '“’@
C (;( ) 0:7
—e—m10.1 —e—m10.2 —e-m10.3

=o-m10.4 —o—m10.5





image63.png
30.00 11

25.00

= N}
Ll o
o o
[} [}

g
o
o
[}

rel. tautomer energies [kcal/mol]

5.00

0.00 —o—o—o—o—o—o—o—o—+

c,Q@ v?Q R & ’v_(& \23 of of of of
& S
C (;‘ Q or?

—o—mll.l =—e=mll.2a =e=mll.2b





image64.png
30.00

25.00

= )
L o
Q Q
=] =]

[
o
Q
=]

rel. tautomer energies [kcal/mol]

5.00

12
e ————————
Q @ L & of o of of O
O W A S GICN
((é N ‘2)%(1
© &





image65.png
rel. tautomer energies [kcal/mol]

15.00 13
13.00
11.00

9.00

>
o
S

o
o
S

w
o
S

g
o
S

I
Q
=]

-3.00

-5.00
c,0<\\ @N’ R & n(& Qﬁ< Q:bg@ﬁc /\:,)c e:,;,
& & TEF QX

& &

—e—m13.1 =—e-=ml3.2a =e=ml3.2b





image66.png
rel. tautomer energies [kcal/mol]

15.0

10.0
5.0
0.0
-5.0
-10.0
O 0 R K oL af a8 o0 O
N\ AN S MV N N R
NS T NS
& S %
9 &
—e—m01.1 —e—m01.2





image67.png
rel. tautomer energies [kcal/mol]

40.0

30.0

20.0

-50.0

-60.0

QA O O Q& K
O P O
(:_)qu&

—e—m02.1
—o—-m02.4
—eo—m02.6a

NN I S
S

<o GV
TEF P %&e
&
——m022 —e—m02.3
—e—m02.5a =e=m02.5b
—e—m02.6b —e=m02.7a





image68.png
30.0

© o o 9o o 9
wn o wn o wn o
4 & 49 S

[low/[e2y] sa1819ua Jawoiney a4

=e-m03.3
—e—m03.6

—o—m03.2
=e—-m03.5
—e—m03.8

—=e-m03.4
—e—m03.7





image69.png
o

> > e o o
N S 4§ 9 @

-10.0
-12.0

[low/[e2y] sa1819ua Jawoiney a4

—o—m04.2

—o—m04.1





image70.png
rel. tautomer energies [kcal/mol]

55.0

45.0

35.0

25.0

15.0

5.0

SRR O Al Al AL O
MRS W N NN
T F g O
T
—o—m06.1 =o—m06.2 —e-—m06.3a
~o-m06.3b —e=m06.4a —e=m06.4b

—e—m06.5a =—=m06.5b —e=m06.6





image71.png
rel. tautomer energies [kcal/mol]





image72.png
rel. tautomer energies [kcal/mol]

25.0

20.0

15.0

10.0

o
o

o
o

-5.0

&

'\\'\/’B/\%Qo,o,,},,,’,,)o
§\§Q®+Q‘ 7

; P
& FE
& ey
[ >

—e—m07.1 =o—m07.2 —=e—m07.3a
~0-=m07.3b —e=m07.4a =—e=mO07.4b
—e—m07.5a =—=m07.5b =—e=m07.6

X

>





image1.png
rel. tautomer energies [kcal/mol]

5.00

4.50

4.00

3.50

w
o
S

N~
[
o

~
o
o

=
[
o

Iy
o
o

0.00

—e—m01.1

—e—m01.2





image73.png
rel. tautomer energies [kcal/mol]

3.0

1.0

-1.0

&

o of o8 o O
< R
TE QK

—o—m08.2





image74.png
0.0.0.0.0.0.0.
0 5 0 5 0 5 0
A N & o o

[low/[e2y] sa1819ua Jawoiney a4

35.0

-5.0

-10.0

=o-m09.3

=o—m09.2

=o—m09.5 —o—m09.6

=o-m09.4





image75.png
rel. tautomer energies [kcal/mol]

40.0

30.0

-10.0
Q O & Q K 2 of oL oL O
L)Q\VQQ@/_;_\Q*((%?:":%OQ\,
& v XY

&

—e—m10.1 —e—m10.2 —o—m10.3

=o-m10.4 —o—m10.5





image76.png
rel. tautomer energies [kcal/mol]

30.0 11

25.0

20.0

00 —o—o—o—o—+

S
&
© &

—e—mll.l =e=mll.2a

A
@ ¥
I

<&
&

Q O O Q& & ov of oL o0
\?_@\Q@év*. \2‘\23,,,%’)

—e—m11.2b

-
S

N

X





image77.png
< <
5 0
Z

~
[low/jexy

30.0

< = Q =
wn o wn o

— =

] sa184aus Jawolney *|aJ

—e—m12.2

—e—m12.1





image78.png
rel. tautomer energies [kcal/mol]

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

QL @& 5
; XN
T Q‘Q%‘V%"’c)&e

—e—m13.1 =—e-=ml3.2a =e=ml3.2b





image79.png
dE(method -CCSD(T))

4.50

3.50

2.50

1.50

-1.50

-2.50

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

mm01.2

r2SCAN-3c





image80.png
dE(method -CCSD(T))

9.00

7.00

5.00

3.00

1.0

o

-1.00

-3.00

-5.00

i |

mm02.2 mm02.3 mm02.4
Hm02.5a B mO02.5b B m02.6a
HmO02.6b Em02.7a EmO02.7b

T P

AM1 PM3 GFN2-xTB HF HF-3c PBEh-3c B97-3c r2SCAN-3c





image81.png
15.00

10.00

5.00

0.00

dE(method -CCSD(T))

-5.00

-10.00

1o oy o 1l .Ur |

AM1

PM3

GFN2-xTB

HF

3

HF-3c

PBEh-3c

mm03.2 mmo03.3
mm03.6 mm03.7

mmo03.4
Em03.8

mmo03.5

B97-3c

r2SCAN-3c





image82.png
15.00

Hm04.2

10.00
5
2
2 5.00
9
: O
o
E=
g 0% - - —
o
©

-5.00

-10.00

AM1 PM3 GFN2-xTB HF HF-3c PBEh-3c B97-3c r2SCAN-3c





image2.png
516.00
£ W—'_\/\
©14.00
2
£12.00
o
£10.00 MA
o
E&OO
2
36'00 v—t—/\h‘v‘
T 4.00 W
2.00
0.00 -~ ¢—t——t—0—0—0—0—0—0
Q F & & & AF 48 & & R
Q\QQ’%/\Q%(?%/\ ~L®q~\
]
Q:\’
—e-=m02.1 =#=m02.2 =e=m02.3 =—e-m02.4
—o—m02.5a =—e=m02.5h =—e=m02.6a =—e=m02.6b
—e—m02.7a =—e=m02.7b =—e=m02.8a =—e=m02.8b





image83.png
3.00

1.00

bk e
Q Q Q
=] =] =]

dE(method -CCSD(T))

~
Q
=]

-9.00

-11.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

Hm05.2

r2SCAN-3c





image84.png
10.00

8.00

6.00

4.00

2.00

0.00

-2.00

dE(method -CCSD(T))

-4.00

-6.00

-8.00

-10.00

H"l a |l .].ILILI“JJ_._J

AM1

PM3

AL

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

mm06.2
B mO06.3b
W m06.4b
m06.5b
B m06.2
mmo06.3b

mmo06.3a
B m06.4a
1 m06.5a

m06.6
B m06.3a
mm06.4a

r2SCAN-3c





image85.png
10.00

8.00

6.00

4.00

~
o
S

-2.00

dE(method -CCSD(T))
o
o
o

-4.00

-6.00

-8.00

-10.00

AM1

Wl &
i

)

PM3

GFN2-xTB

HF

HF-3c

_. I-l.n ‘. - m

PBEh-3c

Em07.2 Emo07.3a m.m07.3b
mmo07.4a W mO07.4b W m07.5a
m mO07.5b mm07.6

B97-3c r2SCAN-3c





image86.png
10.00

8.00

6.00

4.00

2.00

0.00

-2.00

dE(method -CCSD(T))

-4.00

-6.00

-8.00

-10.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

mm08.2

r2SCAN-3c





image87.png
10.00

8.00

6.00

4.00

2.00

0.00

-2.00

dE(method -CCSD(T))

-4.00

-6.00

-8.00

-10.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

Em09.2
mm09.5

B97-3c

"V H TN

Em09.3 mm09.4
mm09.6

r2SCAN-3c





image88.png
15.00

10
Eml10.2 Eml10.3
10.00
mml0.4 mml10.5
i ‘
[=)
%]
Q
) ‘ — |
< 0.00 — -
2
2 |
2
[
£
o -5.00
o
-10.00
-15.00

AM1 PM3 GFN2-xTB HF HF-3c PBEh-3c B97-3c r2SCAN-3c





image89.png
15.00

10.00

5.00

0.00

dE(method -CCSD(T))

-5.00

-10.00

.

AM1

PM3

GFN2-xTB

HF

11

HF-3c

PBEh-3c

B97-3c

Emll2a mmill2b

r2SCAN-3c





image90.png
20.00

15.00

=
o
o
[}

5.00

0.00

dE(method -CCSD(T))

-5.00

-10.00

AM1

PM3

GFN2-xTB

HF

12

HF-3c

PBEh-3c

B97-3c

Emi2.2

r2SCAN-3c





image91.png
dE(method -CCSD(T))

5.00

4.00

3.00

2.00

1.00

0.00

-1.00

-2.00

-3.00

-4.00

-5.00

10T -

AM1

PM3

GFN2-xTB

HF

13

HF-3c

PBEh-3c

B97-3c

Eml3.2a Emil3.2b

r2SCAN-3c





image92.png
dE(method -CCSD(T))

9.00

7.00

5.00

3.00

1.00

-1.00

-3.00

-5.00

AM1

PM3

GFN2-xTB

HF

HF-3c

PBEh-3c

B97-3c

mm01.2

r2SCAN-3c





