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Purpose

Models (VB theory here) can bring useful
insight on non-trivial system

e Basics of qualitative VB theory

e MO & VB analysis of «pancake bonding» DTCNE

* Verification by correlated VB calculations
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Qualitative VB

Effective Hamiltonian : Heff= (h(1) + hQ) + h3) +....) T

Parameters: [3, S, € (same as in the MO framework) L p— — 2
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Qualitative VB

Effective Hamiltonian : Heff= (h(1) + hQ) + h3) +....)

Parameters: [3, S, € (same as in the MO framework) 91 i, —

1) Energy of a determinant :
-2nl3S
1- §2

n = N* of neighboring (T T) pairs

(D,.\H\Dl):
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Qualitative VB

Effective Hamiltonian : Heff= (h(1) + hQ) + h3) +....)

Parameters: B, S, € (same as in the MO framework) Py — =

1) Energy of a determinant :

-2nf3S
<Di ‘H ‘ Di> = n = N* of neighboring (T T) pairs
1- §?
2) Off diagonal terms :
* Determinants differ by 2 spinorbitals: <(‘ az ‘) ‘ H ‘ (‘ b; ‘)> =7 ﬁab Sab
* Determinants differ by + than 2 spinorbitals : < D. ‘ H ‘ D > =()
! J
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Qualitative VB

e 2e-bond :
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Qualitative VB

— N
e 2e-bond : . ‘ab‘+|ba| ) P
J2(1+5%) >
2pS
5 E:<1//VB|H|1//VB>:...=(1+ﬁ52)=De(2e—bond)

blgpal 24N P
* Triplet repulsion: VY= \‘72 (‘fj Sczl|) @@

<088
(108%)

= E= <WVB|H|WVB>:

Same as 3e-repulsion : Vg = |a5b| @@
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Qualitative VB

©

e 3-¢ bond : Examples : the He," dimer cation , RS .. SR', n bonds in O, G.S

VB description :
DO—OW

VY= ‘aab‘ +‘bl§a‘

MO description :
A &P
~ofee e O. (1-S)
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Qualitative VB

©
e 3-¢ bond : Examples : the He," dimer cation , RS .. SR', n bonds in O, G.S

VB description : MO description :

’ \
’ 1
1 \
I \
’
1 "
> ! \
’ \
(O] ﬁ\ '_ [0
\ /
\ /
\ /
\ /

¥, =|060 " =|(a+b)a+b)a—b)

= ...=—|aab|—|bba| = =¥,

1-3
= D—'B( >) = S, =0.17

e (1_S2) opt
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Qualitative VB

e Elementary interactions : VB MO
B B3
tebond aTB)= (BO-—0OO 15 w5
)
2638 20

2-e bond (A-B) = @@ 1+ S2 1+ S

\

sebonda-B) = (DO "2 203
Triplet / 3-e repulsion (AlT TB) = @@ _IZBSSZ -12 BSSZ
-4ABS -403S

4-e repulsion (AT\L \LTB) = @@ 1- S2 1- S?
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«Pancake bonding»

* What kind of bonding in DTCNE>?* ?

®
Na
NC///, WCN NGy, 7 \\\\CN
NCamz:  .SSaCN NCamgz: 1] aaCN
o O
@ ! . @ I ' 264
Na 264 ~52 6A Na ~2.6A 2.64
9] L. Q..
NC P NCN NCMCN
N C\\\\ //// CN N C\\\\ @ / ty CN
Na
!
D. = 80. kcal/mol D, :@kcal/mol

- Right geom : significant bonding force overcome repulsive electrostatics...

- dc.c < sum of vdW radii (3.4A) , but much longer than C-C 2e bonds

samedi 5 mai 12



«First sight» MO analysis

[TCNE]~ [TCNE]~
[r-TCNE, 12"

=> a 4c¢/2e” bond ?
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«First sight» MO analysis

[TCNE] [TCNE]-
[r-TCNE, 12"

=> a 4c/2e” bond ? : O
N 8c/2e" 12¢c/2e”
[>@<;8Lj 0

Others «pancacke bondings» : nc/2e” bond
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VB analysis

e VB set of structures :

®
Na
N C/// 1, \\\\C N
NC . e CN
» O
9.
NC® h, CN
NC\\\\ @ ////CN
Na
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VB analysis

e VB set of structures :

AT

-4BS?2 13+2BS  +2BSg: 3-4BS
© 9 9 ©
® ) /ianh AN [t
NC//// Na \\\CN . ‘ ‘ ‘
NC a*+. Y CN
O
o 3 4
L O]
NN%\\\“‘ ® ' ’////g,l\l\l o
Na 7

5 6

=> No structure is bonding by itself, all the bonding comes from the resonance
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VB analysis

e 2¢>3 and 1«4 : intra-fragment 3e”  bond (upper fragment) :

\\\\\

s 0
m.() (
N
» < ;
) 1@ :
30
» 8
»C
>
» 8
2o}
o
» 8
2o
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VB analysis

e 2¢>3 and 1«4 : intra-fragment 3e”  bond (upper fragment) :

/Ilh il
©

' > \
N/ \ W \ ITTA A 1\ A\

2 3 1 4

’
.
.
.
’

* 13 and 2<>4 : intra-fragment 3e”  bond (lower fragment) :

samedi 5 mai 12



VB analysis

* 15 and 2¢-6 : inter-fragment 3e” m bond (left-hand side) :
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VB analysis

 Conclusion of the qualitative VB analysis :

i, atl i, il
(C\_p o-’,C‘ "(,: Q‘
[ ) [l ]
' \
[ ] [ )
> Te o,
\ h
] 1
n e I " : \
i, Lty i~ At
1234 1256

| => bonding in DTCNE : two inter-frag. 3e bonds ! l
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MO/VB mapping

* HF determinant - development in VB basis of structures :

LPHF =|d C_l b3ub3ub2ub2u
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MO/VB mapping

e 1st excited det. - development in VB basis of structures :
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MO/VB mapping

o 2nd excited det. - development in VB basis of structures :

==
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MO/VB mapping

e 3rd excited det. - development in VB basis of structures :
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MO/VB mapping

* CAS(4,4) & 6 VB structures mixing :

RSN S GL Je S S S 0%
¥\ oy =|a,d,b5, 03,0, Dy | = =+ - - WY
<
¥, oy =|a@by, by b by = = Y W Y -
Yy =|bbsbobr by b AESEES SEER SR S S OO 06

- MO (4x4) description = VB description

- VB analysis reveals the 3e-bond nature

samedi 5 mai 12



Quantitative VB (1)

* DTCNE computed weights :

D suitl D A A \ IinNy W \
S) © C)

S

I, A \

°F) (), A 0e
(N [ [\ [
2 3 4 5 6
20.2% 20.2% 16.1% 16.1% 10.1% 10.1%
. H H H
» Stretched ethane : & a6k oo oo S
Ce—eC => C(C: C =—> C :C
2 T e PR
H 7 H 1 H %
92.8% 3.6% 3.6%

—> Str. 5-6 weights are not compatible with a 2c2e bond
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Quantitative VB (2)

1) DTCNE bond length close to 3e- bonded ethane anion :
®
X

NC,, N
H NG sSEN

3

) VR o
C .% C" ~2.6A | @5~2.6A

S ——\ s

2654  H NCEE— "maCN
®

NC ‘CN
X

2) DTCNE active orb. overlaps close to optimal 3e- bond value :

Sab =0.15 Wr/ SOPt ~0.17
(computed) ﬂL\ (from qualitative VB and Hiickel)

5) Dynamical Correlation Energy important for DTCNE

samedi 5 mai 12



Quantitative proof (3)

I 1
IIII',,_C — C \\\\ :.,C_C
> . . AE
oo : A
IIIIIn..Cl e \C..\\\\\\ I, '-C_c,:.-\\\\“
1l—2—3—4 1256

iS)
2X Nowge—m—goN AT
5.2 kcal/mol
J-VB(VMC) 6str.
9.7 kcal/nol

J-VB(DMC) 6str.

AE(«reference») = 11. kcal/mol
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Quantitative proof (3)

/IIIIn..C — C il "'-(,:_C‘

> oo .. AE
Iy, SEAPRER \ Iy, N antl 1
o C C g w— C—Cq
125354 1256 J-VB(VMC)

1234 A
o 10.6 kcal mol
2X  NC——ggiCN
NC CN =mmmmmemmeeeaa-- Y Wl Bl Gt

5.2 kcal /mol

J-VB(VMC) 6str.

9.7 kcal /ol

J-VB(DMC) 6str.
— Without str. 5-6, DTCNE becomes repulsive !
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Conclusion

.....

\\\\\\\\\\\\\\\\\\

* Qualitative VB analysis reveals the 3e-bonding nature in
DTCNE multicenter «pancake» bonding system

* Confirmed by correlated VB calculations

* Models still important nowadays to «understand» :

«I know that the computer has understood,

but I would like to understand too !» (E. Wigner)
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Conclusion

- VB allows to see things from
a different perspective

(Prof. Keating, Dead Poets
Society)

igdifiesent modelss

DN A o

g

t

J
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Conclusion

- VB allows to see things from
a different perspective

(Prof. Keating, Dead Poets
Society)

iNgdifiesent modelss

DN A o

g

t

J

Thanks to :
Philippe HIBERTY, Kévin HENDRICKS
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VB workshop in Paris |

= plenary lectures on Valence Bond theory,
methods, and related models,

= short talks given by participants on a topic
relevant to VB theory,

= space dedicated to free discussions,

= "hands-on" lab : basic initiation to the XMVB
and BLW programs (limited to 30 participants)

W/MVB

An Ab Initio Non-orthogonal Valence Bond Program

. 59’ =
- 3

The name is Bond, Valence Bond !
= http://wiki.lct.jussieu.fr/workshop
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http://wiki.lct.jussieu.fr/workshop
http://wiki.lct.jussieu.fr/workshop

VB workshop in Paris |

Paris, July 2012

= plenary lectures on Valence Bond theory,
methods, and related models,

= short talks given by participants on a topic
relevant to VB theory,

= space dedicated to free discussions,

= '"hands-on'" lab : basic initiation to the XMVB
and BLW programs (limited to 30 participants)

W/MVB

An Ab Initio Non-orthogonal Valence Bond Program Th e

= http://wiki.lct.jussieu.fr/workshop
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