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Multicenter Bonding

Accounts for electron-sharing between n centers (atoms).
It is related to the n-order central moment of the electron population

D(A1, - ,Ap) ~ <<N a N)H>A17...7An

DIBORANE ALLYL- ANION

WOk ey

3-center 2-electrons

3-center 4-electrons
8(B-H-B)= 0.0172

8(C-C-C)= -0.058

Giambiagi, de Giambiagi, Mundim, Struc. Chem. 1, 423 (1990)
Ponec, Mayer, JPCA 101, 1738 (1997)

Bochicchio, Ponec, Torre, Lain, TCA 105, 292 (2001)
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Agostic bonds

Agostic Bonds

Strong 5
+—— | 3(Cu-H-C)=0.008 | +—— | 5(Co-H-N)=-0.033

: II

e

J‘ .

d(Ti-H)=2.298 d(Cu-H)=2.454 d(Co-H)=2.67R
Interaction 3-center ESI
Agostic Bond (3c-2e) 3c-ESI>0
Anagostic Interaction 3c-ESI =0
Hydrogen Bond (3c-4e) 3c-ESI<0

Feixas, Matito, Maseras, Poater, Sola, in preparation
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How to obtain nc-ESI?
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nc-ESI
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Agostic bonds

Conjugation and Hyperconjugation effects

1,3-butadiyne

Conjugation butane 1,3-butadiene
L4
% (
K . 'I o ! .\‘ S — = — =
& 1 ?\. L ‘\ L
.
4c-DI B3LYP CcsD B3LYP CCcsD B3LYP Cccso
B(C-C-G-Ca) -0.0045 -0.0034 l -0.0798 I -0.0452 -0.1678 I -0.0929
84(Cy-Co-C5-Ca) -0.0775 -0.1675
butane 1-butene 1-butine

Hyperconjugation

@ ¢
B3LYP ccsb

4c-DI B3LYP Ccsp B3LYP ccsp
6(Cy-Cy-C4-Ca) -0.0045 0.0034 -0.0133 -0.0085 -0.0182 -0.0114
B(Cy-Cy-Ca-Hs) -0.0005 0.0003 -0.0013 -0.0009 . -0.0121
B(Cy-Cy-Ca-Hg) -0.0005 -0.0003 -0.0142 -0.0092 -0.0191 -0.0121

Feixas, Matito, Poater, Sola, JPCA 115, 13104 (2011)
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Aromaticity

Aromaticity

Let A={A;,A,,...,A,} represent a ring. :

Iring(-A) = Z 5i1i2(A1)5i2i3(A2)"'5ini1(A") \:l.:lﬁ(,
A . ! .
MCI(A) = > hing(A) @
P(A)

The nt" root of these quantities correlates with the TREPE.

CH, MCi=0.071

0 . .
Q. o] . h‘ﬁ A~
Mcl, = 0.000 - ~—— U .
’ o o] V\/‘ 2
MCI, = 0.071 )¢
A|42' MCI = 0.356 2502 s-
Mcl, = 0.169 (RS2
-
MCl, = 0.187 L

Giambiagi, de Giambiagi, Figuereido, PCCP 2, 3381 (2000)
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Aromaticity
Aromaticity
o 4 MCI
.ﬁ A|42’ q_ Geqh
E | .m® 0356 o et 0386
g q\} b L5 G
+ J AlGe AlGe;* 0.171 “
0.206 Al,Ge,
" D 2.588 2433
.ﬁ 4h =
§ 4 (cf
g
5 [N
£1 Ge,” _42.20
£ NICS(0) AlGe,* 3g.1g 26
g 35.00 N
+ AlGe -3457 AlGe, 200 2 5 2 €
2 2478 * 2340 [
o Al 3445 ,_;ﬂm ﬁ%/@
'ﬁ ,_;z/ﬂ\ \d@: 2.587
£ \ . .
2 Y o —— NICS(0) is not a reliable
' measure of aromaticity
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Obtain the wavefunction

Gaussian, GAMESS, ADF, ...
molecule.wfn (fchk)
Atomic partition APOST-3D, QTAIM, ...
molecule*.int
many
determinants
ESI-3D
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=] (=)
MCI: a versatile tool

Dac
9/18



Expressions
°

Formulae

Multicenter Indices: Formulae

Functions that upon integration give the ESls [assume 1 = (7, s)]:

5(AB) — —2//d1d2fy(1,2):Cov(N(A),N(B))
AJB
5(A.B,C) — 2///d1d2d37(1,2,3)
(AL, Ay s An) = n—1 /A/A [ d1d2..dn7(1.2, .0

which are

1(1,2) = p<(1,2) = p(1,2) = p(1)r(2)
7(1,2.3) = p(1,2,3) = p(1)p(2)p(3) — Pr23 (0™(1,2)p(3))
Y(1,2,...,n) = ((pr—p1)(P2 — p2) -~ (Pn — Pn))
they depend on the n-order reduced density matrix (-RDM).

Martin Pendds, Francisco, Blanco JCP 127 144103 (2007)
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Bottleneck and drawbacks

Multicenter Indices: Bottleneck

The function that gives the nc-ESI is symmetric to the exchange 1,2,...

7(17 2,..., n) = <(ﬁ1 - ﬁl)(ﬁ2 - ﬁ2) T (ﬁn - ﬁn)>

and so it is the nc-ESI calculated. Thus, we cannot calculate /jng-like
expressions with this formulation; only MCI.

Unfortunately,
v(1,2,...,n) =~(1,2,...,m[p(1,2,...,n)]
i.e., the cost of these indices grows with the size of the n-RDMs (M2").

Shall we approximate them?

Martin Pendds, Francisco, Blanco JCP 127 144103 (2007)

Matito Feixas Barroso Sola Ugalde MCI: a versatile tool 11/18



A new approximation

Approximation for the 3-RDM

The HF expression for the three-body density (3-RDM):
p(1)  p(1]2) p(1[3)
p(2[1)  p(2)  p(2[3)
pBI1) p(32)  p(3)

pF(1,2,3) =

leads to a very simple expression
F9(1,2,3) =2 mimymkd(1)6F (1) (2) 65 (2)$i(3)¢4(3) — (A, B, C)
ijk

In the spirit of Miiller approach we suggest:

9(1,2,3) =2 ()% 67 (1)¢7 (1) bk (2)¢5 (26 (3)85(3) — (A, B, C)

ijk

and

5(1,2,3) =23 ()2 6117 (1)6u(2)6] (2)6:1(3)01(3) —
ijk
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Approximations for the 3c-ESI

In the spirit of Miiller approach, let us take the simplest natural orbital
formulation that integrates to the number of electrons:

— 9 Z n1/3 ;/3 1/3¢ Siiy(A1)Siis(A2)Sii (A3)

i1,02,03

We will also include the previous ones:

5(A1, A, As) =2 mmans Sy (A1) Siis (A2)Sii (A3)
i1,02,3
(A1, Ap, As) =2 ) /203252 11, (A1) S (A2) Sty (As)
i1,02,03
3DVa/ — 1D3 +3(2D _ 1D2) /\1 D = 32D/\ lD_ 21D3
Similar idea was used in six-member rings, that needs the prohibitive 6-RDM:

Olmechenko, Shishkin, Gorb, Leszcynski, Fias, Bultinck, PCCP<13 20536’ (2011)
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Performance of DM3 approximations
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A new approximation

We suggest a new formula for the 3-RDM:

p(1,2,3) = (1,2.3) + p(1)p(2)p(3) + Pr23 (0(1,2)0(3))

where

7(1,2,3) = > 012002 6i(1)6;(1) 6k (2)65(2)6i (3) 6k (3)

ijk

» Fulfills the sum rule.
» Contains the exact 2-RDM but...
> ...it does not bring the 2-RDM upon integration of one coordinate.

» The three-body part is approximated as an expression of NOs.

Matito Feixas Barroso Sola Ugalde MCI: a versatile tool 15/18



Conclusions

Conclusions and prospective work

» Multicenter indices are connected to several important chemical
noumenons such as agostic bonds, conjugation and aromaticity.

» The interpretation is clear but expression depends on huge n-RDMs.
» Noone goes beyond 3-RDM, and n =1 (HF-like) approx. is poor.

» Two new approxs. based on NOs (n=1/2,n = 1/3) have been put
forward, these and Valdemoro's (uses 2-RDM!) perform much better
than n =1 (HF-like).

Matito Feixas Barroso Sola Ugalde MCI: a versatile tool 16 /18
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