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Figure S1. AN}* values calculated with the first model (Eq. 10) vs. AN/** calculated

with the second model (Eq. 25) for the molecule CH,CHCHO. The values of the two
parameters have been obtained using the Hirshfeld population analysis.
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Figure S2. AN'|™ values calculated with the first model (Eq. 10) vs. AN/ calculated

with the second model (Eq. 25) for the molecule CH,CHNO,. The values of the two
parameters have been obtained using the Hirshfeld population analysis.
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Figure S3. AN/™ values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCN. The values of the two
parameters have been obtained using the Hirshfeld population analysis.

S2



0.07

y = 1.0186x + 0.0003 Pl

0.06

0.05

R? = 0.9998 /

0.04

e

0.03

e

P

0.02

0.01

A

0.00

A4

0.00

0.01

0.02

0.03 0.04 0.05 0.06 0.07

Figure S4. AN'|™ values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHCHj. The values of the two
parameters have been obtained using the Hirshfeld population analysis.
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Figure S5. AN}™ values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHOCH3;. The values of the two
parameters have been obtained using the Hirshfeld population analysis.
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Figure S6. AN'|™ values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHCI. The values of the two
parameters have been obtained using the population analysis of QTAIM.
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Figure S7. AN}* values calculated with the first model (Eq. 10) vs. AN/ calculated

with the second model (Eq. 25) for the molecule CH,CHCHO. The values of the two
parameters have been obtained using the population analysis of QTAIM.
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Figure S8. AN[* values calculated with the first model (Eq. 10) vs. AN* calculated

with the second model (Eq. 25) for the molecule CH,CHNO,. The values of the two
parameters have been obtained using the population analysis of QTAIM.
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Figure S9. AN/ values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCN. The values of the two
parameters have been obtained using the population analysis of QTAIM.
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Figure S10. AN’} values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHCHj. The values of the two
parameters have been obtained using the population analysis of QTAIM.
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Figure S11. AN} values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHOCH3;. The values of the two
parameters have been obtained using the population analysis of QTAIM.
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Figure S12. AN}/* values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCI. The values of the two
parameters have been obtained using the Mulliken population analysis.

0.1400

0.1200

0.1000

0.0800

0.0600

0.0400

0.0200

0.0000

e
pd
pd

/
< *

y = 1.3195x + 0.005

/0

R® = 0.9567

0.0000 0.0200 0.0400 0.0600 0.0800 0.1000 0.1200 0.1400

Figure S13. AN'|™ values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCHO. The values of the two
parameters have been obtained using the Mulliken population analysis.
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Figure S14. AN'|* values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHNO,. The values of the two
parameters have been obtained using the Mulliken population analysis.
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Figure S15. AN}* values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHCN. The values of the two
parameters have been obtained using the Mulliken population analysis.
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Figure S16. AN'[* values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCHj3;. The values of the two
parameters have been obtained using the Mulliken population analysis.
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Figure S17. AN}/* values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHOCH3;. The values of the two
parameters have been obtained using the Mulliken population analysis.

S7



0.1200

0.1000

0.0800

0.0600

0.0400

0.0200

y = 1.0093x + 0.0062
R?=0.9383

0.0000

re

0.0000

0.0200  0.0400

0.0600

0.0800  0.1000

0.1200

Figure S18. AN'|* values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCI. The values of the two
parameters have been obtained using the Natural Population Analysis.
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Figure S19. AN} values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCHO. The values of the two
parameters have been obtained using the Natural Population Analysis.
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Figure S20. AN} values calculated with the first model (Eq. 10) vs. AN}* calculated

with the second model (Eq. 25) for the molecule CH,CHNO,. The values of the two
parameters have been obtained using the Natural Population Analysis.
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Figure S21. AN}* values calculated with the first model (Eq. 10) vs. AN} calculated

with the second model (Eq. 25) for the molecule CH,CHCN. The values of the two
parameters have been obtained using the Natural Population Analysis.
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Figure S22. AN"}* values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHCHj3;. The values of the two
parameters have been obtained using the Natural Population Analysis.
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Figure S23. AN} values calculated with the first model (Eq. 10) vs. AN calculated

with the second model (Eq. 25) for the molecule CH,CHOCH3;. The values of the two
parameters have been obtained using the Natural Population Analysis.
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Figure S24. Linear regression @, (Eq. 11, first model) versus f, (Eq. 24, second
model) for the molecule CH,CHCHO. Both parameters have been obtained using the

Hirshfeld population analysis.
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Figure S25. Linear regression @, (Eq. 11, first model) versus f, (Eq. 24, second
model) for the molecule CH,CHNO,. Both parameters have been obtained using the

Hirshfeld population analysis.
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Figure S26. Linear regression @, (Eq. 11, first model) versus f, (Eq. 24, second

model) for the molecule CH,CHCN. Both parameters have been obtained using the
Hirshfeld population analysis.
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Figure S27. Linear regression @, (Eq. 11, first model) versus f, (Eq. 24, second

model) for the molecule CH,CHCHj3;. Both parameters have been obtained using the
Hirshfeld population analysis.
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Figure S28. Linear regression @, (Eq. 11, first model) versus f, (Eq. 24, second

model) for the molecule CH,CHOCHj3;. Both parameters have been obtained using the
Hirshfeld population analysis.
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Figure S29. f, values calculated with the second model (Eq. 24) vs. 17, parameter

calculated with the first model (Eq. 8) for the molecule CH,CHCHO. The values of the
two parameters have been obtained using the Hirshfeld population analysis.
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Figure S30. f, values calculated with the second model (Eq. 24) vs. 1, parameter

calculated with the first model (Eq. 8) for the molecule CH,CHNO,. The values of the
two parameters have been obtained using the Hirshfeld population analysis.
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Figure S31. f, values calculated with the second model (Eq. 24) vs. 77, parameter

calculated with the first model (Eq. 8) for the molecule CH,CHCN. The values of the
two parameters have been obtained using the Hirshfeld population analysis.
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Figure S32. f, values calculated with the second model (Eq. 24) vs. 77, parameter

calculated with the first model (Eq. 8) for the molecule CH,CHCHj3;. The values of the
two parameters have been obtained using the Hirshfeld population analysis.

S13



0.3000

0.2500

*

d
0.2000 \
y = 0.4786x ~100%
R?=0.9372
0.1500 \\

0.1000

0.0500 \

s

0.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000  12.0000

Figure S33. f, values calculated with the second model (Eq. 24) vs. 77, parameter

calculated with the first model (Eq. 8) for the molecule CH,CHOCHj3;. The values of the
two parameters have been obtained using the Hirshfeld population analysis.
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Figure S34. Parabolic regression ( f f) /f A) versus 1/Q , for the molecule CH,CHCHO.
The values of the parameters have been obtained using the Hirshfeld population

analysis.
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Figure S35. Parabolic regression ( ff) /f A) versus 1/Q, for the molecule CH,CHNO..

The values of the parameters have been obtained using the Hirshfeld population
analysis.
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Figure S36. Parabolic regression ( f f) / £ ) versus 1/Q, for the molecule CH,CHCN.

The values of the parameters have been obtained using the Hirshfeld population
analysis.
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Figure S37. Parabolic regression ( sz) /f A) versus 1/Q, for the molecule CH,CHCHj.
The values of the parameters have been obtained using the Hirshfeld population

analysis.
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Figure S38. Parabolic regression ( ff) /f A) versus 1/Q, for the molecule CH,CHOCHj.

The values of the parameters have been obtained using the Hirshfeld population
analysis.
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Figure S39. Parabolic regression ( f f) /f A) versus 1/Q, for the molecule CH;CHSH.

The values of the parameters have been obtained using the Hirshfeld population
analysis.

Figure S40. Parabolic regression ( f f) / f A) versus 1/Q , for the molecule CH;COOCH;.

The values of the parameters have been obtained using the Hirshfeld population
analysis.
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Figure S41. Parabolic regression ( f f) /f A) versus 1/Q, for the molecule CH;COOH.

The values of the parameters have been obtained using the Hirshfeld population
analysis.

Figure S42. Parabolic regression ( f ,52) / f A) versus 1/Q, for the molecule CH,CHNH,.

The values of the parameters have been obtained using the Hirshfeld population
analysis.
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Figure S43. Parabolic regression ( f f) /f A) versus 1/Q, for the molecule CH,CHOH.

The values of the parameters have been obtained using the Hirshfeld population
analysis.

Figure S44. Parabolic regression ( f f) / f A) versus 1/Q, for the molecule CH;CONH,.

The values of the parameters have been obtained using the Hirshfeld population
analysis.
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Figure S45. Electrophilicities @, versus the local parameter 77, for the CH,CHCHO
molecule. We have used the Hirshfeld population analysis in both cases.
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Figure S46. Electrophilicities @, versus the local parameter 77, for the CH,CHNO,
molecule. We have used the Hirshfeld population analysis in both cases.
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Figure S47. Electrophilicities @, versus the local parameter 7, for the CH,CHCN
molecule. We have used the Hirshfeld population analysis in both cases.
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Figure S48. Electrophilicities @, versus the local parameter 77, for the CH,CHCHj;
molecule. We have used the Hirshfeld population analysis in both cases.
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Figure S49. Electrophilicities @, versus the local parameter 77, for the CH,CHOCH;
molecule. We have used the Hirshfeld population analysis in both cases.
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Figure S50. Atomic values @, versus local parameter AN} for the CH,CHCHO

molecule using the Hirshfeld population analysis.
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Figure S51. Atomic values @, versus local parameter AN} for the CH,CHNO,

molecule using the Hirshfeld population analysis.
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Figure S52. Atomic values @, versus local parameter AN} for the CH,CHCN

molecule using the Hirshfeld population analysis.
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Figure S53. Atomic values @, versus local parameter AN} for the CH,CHCHj;

molecule using the Hirshfeld population analysis.
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Figure S54. Atomic values @, versus local parameter AN} for the CH,CHOCHj;

molecule using the Hirshfeld population analysis.
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Figure S55. Left) Fukui function £(r)

Quadratic expansion caiculated with a pafabolic
approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHCI

molecule.
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Figure S56. Left) Fukui function f(r)

Quadratic expansion éalculated with a parabolic
approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHCI
molecule.
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Figure S57. Left) Fukui function f(r)q,auatc expansion Calculated with a parabolic

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHCHO
molecule.

Figure S58. Left) Fukui function f(r)quagatic expansion

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHCHO
molecule.

calculated with a parabolic
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Figure S59. Left) Fukui function £(r)q,.uatc expansion calculated with a parabolic

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHNO,
molecule.
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Figure S60. Left) Fukui function £ quacratic expansion calculated with a parabolic

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHNO,
molecule.
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t) Fukui function f(r)qyagaic expansion Calculated with a parabolic

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHNO,
molecule.
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Figure S61. Lefi

Figure S62. Left) Fukui function f (r)Quadratic expansion

approximation (Eq. 23) and right) hardness function 77(r) (Eq. 13) for the CH,CHCN
molecule.

calculated with a parabolic
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Figure S63. Left) Fukui function f(r)

luadratic expansion C@lculated with a parabolic

approximation (Eq. 23) and right) hardness function 77(r) (Eq. 13) for the CH,CHCN
molecule.
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Figure S64. Left) Fukui function f (r)

Quadratic expansion Calculated with a parabolic
approximation (Eq. 23) and right) hardness function 77(r) (Eq. 13) for the CH,CHCN

molecule.
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Flgure S65. Left) Fuku1 functlon flr ( )

Quadratic expansion

calculated with a parabolic

approximation (Eq. 23) and right) hardness function 77(1') (Eq. 13) for the CH,CHCHj;
molecule.
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Flgure S66 Left) Fukul functlon f ( )

Quadratic expansion

calculated w1th a parabolic

approximation (Eq. 23) and right) hardness function 77(1') (Eq. 13) for the CH,CHCH3;

mo

lecule.

S31




P ) R
s sl gk

Figure S67. Left) Fukui function £(r)q,.qatc expansion Calculated with a parabolic

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHCHj;
molecule.

Figure S68. Left) Fukui function f (r)Quadratic expansion

approximation (Eq. 23) and right) hardness function n(r) (Eq. 13) for the CH,CHOCH;
molecule.

calculated with a parabolic
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Figure S69. Left) Fukui function f(r)q,auatc expansion calculated with a pérabolic

approximation (Eq. 23) and right) hardness function 77(1') (Eq. 13) for the CH,CHOCH;
molecule.
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APPENDIX I. Justification of some relationships between parameters of models 1
and 2.

In this appendix, some expressions used in comparisons of the main text will be
justified. Starting from the model 1 and truncating from the quadratic term we obtain
the expression (A1), this approximation is clearly very rough, for that reason it will only

be used fo justify the correlations studied in this work.
1
SE(r) = - 3p(r)+- m(r)op’(r) (A)
From here we can obtain:

o(r) = —( 1 - 5p™(r)+ ;n(r)- (5,0”’3" (r))z) (A2)

From model 2, truncating from the first term, we can obtain the expression (A3). This
approach is also very crude and, as the previous one, it will only be used to justify the

correlations studied in this work.

5" (r)= f(r)- AN, (A3)
Deriving (A1) we obtain:
= pi+ 1(r)-op(r) (A4)
And from here we get:
0~ u’+ 77(r)- §pmax(r) (AS)
And clearing:
0
s (r)~ -~ (A6)
n(r)
Reordering (A2):
max 1 max max
wlr)~ —(ﬂ‘) -3p™ 1)+ n(r)- (60" (r))- o (r))j (A7)
Substituting two terms op™ (r) for f (r) AN, and a third for — z°/ 77(1‘) we obtain:
1
wlr)~ —(uO S ) AN, n(e)-(/(6)- AN, )- (4 77(1‘))) (A8)
and clearing:
1
o) =2 1 [ () AN, = - f(r) (A9)

Now, we start from:
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5p™* (r)[model1] = 5p™ (r)[model 2] (A10)

that is a reasonable starting point. Substituting the expressions 5,0”’“"(1‘) previously

obtained:
0
_sz(r).ANmax (Al1)
7(r)
Reordering:
0
1
- A s ) (A12)
max n(r)
Finally, clearing:
n
nr)=—— Al3
)= (A13)

0 1 ( ,UO )2
o)=L 1) (A14)
n(r) 277 ple)
Simplifying:
0
()
olr)= (A15)
v) 27(r)
If we combine (A6) and (A2) and we operate we obtain:
1 '’
~ 0~§ max e .5max A16
a)(r) (,U /Y (r)+ 2[ 5pmax (r)j ( P (r))zj ( )
Finally, simplifying and operating we obtain:
0
o)== 5p™ (r) (A17)
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APPENDIX II. Summary of the nomenclature and definitions.

f(r): Fukui function. It is defined as:

f (r)=[ap (r))v (A18)

fi': atomic index: condensed-to-atom Fukui function for the “A” atom (nucleophilic

attack)

fi - atomic index: condensed-to-atom Fukui function for the “A” atom (electrophilic

attack)

£, atomic index: condensed-to-atom Fukui function for the “4” atom for neutral
(or radical) attack.

@ : global electrophilicity

o, : condensed Philicity to the “A” atom (electrophilic attack)

w, : condensed Philicity to the “A” atom (nucleophilic attack)

4 : global electronic chemical potential (negative of the electronegativity).

Calculated as:

15, 15,1 g2 atomic hardness calculated for the neutral molecule.

Ly, .1 g atomic hardness calculated for the cation.
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L, 1y, a1, - atomic hardness calculated for the anion.

n: global chemical hardness. Calculated as:

. =[82E j (A20)

ON?
AN : Global charge variation when the neutral molecule turns into a cation.
AN : Global charge variation when the neutral molecule turns into an anion.
AN, ... global maximum amount of electron charge.
AN 7™ atomic maximum amount of electron charge for the A atom.

AE . global total energy decrease.

€, and €, correspond to the Kohn—-Sham one-electron eigenvalues for the

HOMO and the LUMO.

s(r). softness function. It is defined as:

s(r)= (Gp(r)]v (A21)

s (a =+, — or ()): condensed-to-atom softness (nucleophilic, electrophilic
and attack).
Q ,: atomic parameter which represents the coefficient of the cubic term in

the cubic approximation. It is defined as:
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(A22)
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