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@ Introduction. Quantum chemical topology: the Quantum
Theory of Atoms in Molecules (QTAIM) and the Interacting
Quantum Atoms (IQA) energy partition.
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@ Introduction. Quantum chemical topology: the Quantum
Theory of Atoms in Molecules (QTAIM) and the Interacting
Quantum Atoms (IQA) energy partition.

@ Some applications:

o Cooperative effects of hydrogen bonding in small water clusters
(Guevara-Vela et al., Chem. Fur. J. 19, 14304, 2013).

e Hydrogen bond cooperativity and anticooperativity within the
water hexamer (Guevara-Vela et al. Phys. Chem. Chem. Phys.
18, 19557, 2016).

o Cooperative and anticooperative effects in resonance assisted
hydrogen bonds in merged structures of malondialdehyde
(Guevara-Vela et al., Phys. Chem. Chem. Phys., DOL
10.1039/c6¢p04386, Romero-Montalvo et al.  Phys. Chem.
Chem. Phys., DOI: 10.1039/c6cp04877c).
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Quantum Chemical Topology

N N—1 times
o(r) = <Z(5(r—r,)> = NZ / / |W(x, Xa,...,xn)[*x2...dxy
=1 w
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Quantum Chemical Topology

Bond
critical
point
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QTAIM and IQA

X

S NAAS
&7

AN

’(

o(r) — ) theory of molecular
structure and 4) division of
molecular space in open subsys-
tems.

il
R

2
s

A

DS
/

AN\

?
6

J
:@
i

\

N
)5

\)
J

R. F. W. Bader, Atoms in molecules: a quan-
tum theory, Clarendon Press, 1994.

nas Rocha Rinza, IQ/UNAM Non-additivity in H-bond and QCT



QTAIM and IQA
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QTAIM and IQA

A>B
Salvador et al, J. Chem. Phys., 115, 1153,
2001
Blanco et al, J. Chem. Theor. Comput. , 1,
1096, 2005
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QTAIM and IQA

@%{A\( B, = T + VAR + 724

//%&\‘,’,Zk\\ EhP = VAP + VAR + VBA + VAP

int

A>B
Salvador et al, J. Chem. Phys., 115, 1153,
2001
Blanco et al, J. Chem. Theor. Comput. , 1,
1096, 2005

Non-additivity in H-bond and QCT



QTAIM and IQA

§%{A\( Bk = T 4 VAR v

pﬁ&\\ EpP =VAP + VAP + VA + V2P

int

e with

B = Vaom + V& + Ve

. A AB int coul corr
8 = E Enet + E Eint
A A>B
Salvador et al, J. Chem. Phys., 115, 1153,
2001

Blanco et al, J. Chem. Theor. Comput. , 1,
1096, 2005
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H-bond cooperative effects analyzed through IQA

(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).

Donate
electron
density

Donates
a proton
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H-bond cooperative effects analyzed through IQA

(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).

Better donor acceptor

Donate
electron
density

Donates
a proton

Better proton donor

Tomd&s Rocha Rinza, IQ/UNAM Non-additivity in H-bond and QCT



H-bond cooperative effects analyzed through IQA

(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).
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H-bond cooperative effects analyzed through IQA
(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).

Energias de deformacién e interaccion
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H-bond cooperative effects analyzed through IQA
(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).

Energias de deformacién e interaccion

@ Deformac.on IE lﬁ‘
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H-bond cooperative effects analyzed through IQA
(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).

Energias de deformacién e interaccion

@ Deformac.on IE lﬁ‘
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H-bond cooperative effects analyzed through IQA

(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).
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H-bond cooperative effects analyzed through IQA
(Guevara-Vela et al. Chem. Eur. J., 19, 14304, 2013).

Energy (kcal/mol)
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Hydrogen bonding anticooperative effects
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Phys. Chem. Chem. Phys. Phys. 18, 19557, 2016).
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Phys. Chem. Chem. Phys. Phys. 18, 19557, 2016).

A particularly strong type of H-bond within the water hexamer.
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Phys. Chem. Chem. Phys. Phys. 18, 19557, 2016).
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Phys. Chem. Chem. Phys. Phys. 18, 19557, 2016).
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Double donors are bad donors but good acceptors.
Double acceptors are bad acceptors but good donors.
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Phys. Chem. Chem. Phys. Phys. 18, 19557, 2016).
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Pt Chem. Chem. Phys. Phys. 18, 19557, 2016).
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H-bond cooperativity and anticooperativity within the water hexamer

(Guevara-Vela et al. Phys. Chem. Chem. Phys. Phys. 18, 19557, 2016).
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

N:ZA:)\(A)Jr;Z 5(A,B)

A+#£B
System IY AR S LUAVA LN AVSP
A+B A+#B
CHO-CH=CH OH —0.10 —31.77 16.81
CHO-CH=CH NH, —0.07  —23.71 17.00
CHO-CH,-CH,-OH —0.03 —10.37 6.62
CHO-CH,—CH2—NH; —0.01 —-3.19 2.07
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

03— H4" Ng——H4’
AB AB AB A
SyStem Eint ‘/Cl ‘/X Edef

Formic acid —41.61 —-16.52 —-25.09 33.64
Formamide —32.17 -12.99 -19.17 26.21
Water —19.86 —-6.68 —13.17 &.17
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOTI: 10.1039/c6cp04877c.,

PCCP DOT: 10.1039/c6cp04386k)

o C1 & ) (|2|1
02
Il cI>I2 Il 02
c1 z Ct .
08— e \N3—H4'.
System Eff V;f‘B VXAB Ea“ef
Formic acid —41.61 —-16.52 —-25.09 33.64
Formamide —32.17 -12.99 -19.17 26.21
Water —19.86 —6.68 —13.17 8.17
HCOOH---OC(H)O H,O---H,0
Vi S |
HCOOH---OC OH H,0---H,O
| B (WO | a0
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

E (kcal mol™")
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

E (kcal mol™")
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

E (kcal mol™")
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

AFEcoop(2a) = AEsom (2a) — AE,,,(2a)
APEcoop(2€) = AEgom(2€) — AE; . (2€)
APFcoop(8) = AFtorm(3) — AE( ., (3)
AFEcoop(4) = AEgom(4) — AE¢,,,(4)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

HB AEcoop(N) AEform(N) AEflorm(N)

2a —1.82 —7.09 —5.27
2e —1.97 —15.18 —13.21
3 12.29 —11.93 —24.22
4 1.84 —12.79 —14.63
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

IQA additive energies

HB AEQ 0 Ap GO AE
1 —22.27 12.99 —9.28
2a (2e present) —20.33 16.38 —3.96
2a (2e absent) —15.48 13.29 —2.19
2e (2a present) —24.25 11.10 —13.15
2¢ (2a absent) —20.64 9.25 —11.38
3 (accompanying HB present) —21.86 12.91 —8.96
3 (accompanying HB absent) —28.43 7.62 —20.80
4 (accompanying HB present) —18.21 6.74 —11.47
4 (accompanying HB absent) —20.93 9.27 —11.66
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

AEBeoop( ZAEnet/coop Z AEmt/coop M) M=2, 3,4
A;éB
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)

AE, COOP ZAEnet/coop Z AElmt/coop ) M=2, 3,4
A;éB
System Z A‘E'mt/coop Z AV, cl/coop Z AV, xc/coop
bicyclic bicyclic bicyclic
2 —10.70 —7.48 —3.22
3 64.66 85.98 —21.31
4 26.39 27.77 —1.38
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Cooperative and anticooperative effects in resonance assisted hydrogen bonds

(PCCP DOI: 10.1039/c6¢p04877c., PCCP DOI: 10.1039/c6cp04386k)
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Thank you very much for
your kind attention!
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