Part 3. Qualitative Valence Bond




Qualitative VB

° Basic ingredients :

1) Effective Hamiltonian : Heff = heff(1) + hetf(2) + heff{(3) +....

. : 1 7z ,
with :h? (i)=—-—=V> —=+Rep(i)
2 l . —

! aver?ged

repulsion
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Qualitative VB

° Basic ingredients :

1) Effective Hamiltonian : Heff = heff(1) + hetf(2) + heff{(3) +....

1 Z
with : h" (i)=—-=V? — = +Rep(i)
2 o ——
average
repulsion

2) Parametrization: E, B, S
Same as in Hiickel theory :

(e. = h. :orbital i self-energy

/\

[ : resonance integral

S :overlap integral P —2
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Qualitative VB

* General calculus rules:
1) Rule for calculating determinant overlaps :

. a b b
Generate permutations : '
- between identical spins c ]

- only one side
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Qualitative VB

* General calculus rules :

1) Rule for calculating determinant overlaps :

Generate permutations :
- between identical spins
- only one side
‘aabb‘ CC cdd ‘

=58> -8 S8 S —-S S8 S +8 8

ad>~ac ac~ad

((aabb||aabb])=1-25,+45,
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Qualitative VB

* General calculus rules :

2) Rule for calculating Hamiltonian matrix elements :

Generate permutations :

- between identical spins  (Q [H” |Q') = (Q|A(1) + h(2) + h(3) + h(4)|Q")

- only one side
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Qualitative VB

* General calculus rules :

2) Rule for calculating Hamiltonian matrix elements :

Generate permutations :
- between identical spins  (Q [H” |Q') = (Q|A(1) + h(2) + h(3) + h(4)|Q")

- only one side

((aabd))| ¢ h

cedd))) = (a(1)a(2)b(3)b(4)

c(De(2)d(3)d(4))
—(a()a)b3)b(4)| h| d(e(2)c(3)d(4))
~(aa@b3b@)|n]c()d2)d3)(4))
+{aa@)b3b@)| | d1)d@)c3)c))

=h S S>~h S S S —hSSS +hS S

ac™ ac ac™ ad

hi
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Qualitative VB

* General calculus rules :

2) Rule for calculating Hamiltonian matrix elements :

Generate permutations :
- between identical spins  (Q [H” |Q') = (Q|A(1) + h(2) + h(3) + h(4)|Q")

- only one side

<(\a5b1§) I

(‘ CEdC_{‘>> — e hacSachzd_ hadSachchd o hacSaddeSbc T hadSadSZc

Then repeat : <( aabb))| h:|(ccdd )> =...

<( aabb))| hs|(|cedd )> =... Quite tedious !

<( aabb))|h:|(cedd )> - ..
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Qualitative VB

* Simplified expressions :
1
1) Choice of an origin of energies (shift) : B, =h,, — 5(8a +€,)

= new energy scale where : zgl_ =0

i
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Qualitative VB

* Simplified expressions :

1
1) Choice of an origin of energies (shift) : B, =h,, — 5(8a +€,)
= new energy scale where : zgl_ =0
Example :
E(|aabb)) = N*(2¢, +2€, -2¢,8%, — 26,82, —4h,,S,, + 4h,S2) = N*(=4B,,S,,)(1— S2,)
=0 (e, +£,)5%,=0
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Qualitative VB

* Simplified expressions :

1
1) Choice of an origin of energies (shift) : B, =h,, — E(SQ +€,)
= new energy scale where : Zgi =0
Example :
E(|aabb)) = N*(2¢, +2€, -2¢,8%, — 26,82, —4h,,S,, + 4h,S2) = N*(=4B,,S,,)(1— S2,)
=0 —2(ea+;;)sgb=0

2) Approximations :
— Determinants which differ by + than 2 spinorbitals: <Q| H | Q'> ~0

— Neglect Sac and h,c if a and ¢ are not nearest neighbourgs

— Neglect high overlaps power terms (S? or + b.r.t dominant terms)
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Qualitative VB

* Elementary interactions energies : .
1) The two electron bond : %m
Tox
lab| +|bd]
\.II —

20+ 8?)

o~
N
S
N~
~—
Il
i
_|_
™
[\
|l
-

) rDiagonal terms (two) :<( ab|) h + ha
—

Off-diag. terms (two) :<( ab)) i+ ha (ba )> =+28.S .
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Qualitative VB

* Elementary interactions energies :
"
1) The two electron bond : %m
N
lab| +|bd]
LIIZe —
J2(1+5%)
cela?|w) | Dlagonal terms (two) :<( ab ) hi + ho (al; )> =g +¢&,=0

— A A~ —
Off-diag. terms (two) :<( ab))| hi + h2|(ba )> =+28,S. -B
, /N 1S
= E(2e)= Ir /;f =D,(2e)
+ - -
Different in MO-Hiickel theory : \ -H«ﬁ

D, = 2B/(1+S)
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Qualitative VB

* Elementary interactions energies :
2) The triplet (2e) repulsion :
lab|-|bd]

"2a-8Y)

cela?|w) | Dlagonal terms (two) :<( ab|) h + ha
—

Y

,\
Q
S

)>=81+82=

Off-diag. terms (two) :<( ab)) i+ ha (ba )> =-2B.S .

23S
1-S*

= ET)=

Same in MO-Htickel theory :

0
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Qualitative VB

* Elementary interactions energies :

2) The triplet (2e) repulsion :

Why is it the same in qualitative VB and in MO-Hiickel theory ?

MO VB
Oy
9.+ 00
¢ _< _ P Yyp < |ab |
oo '-T~<’5g
Vo [0,0,|=|(a+b)a—b) =|gd +|p] +|bd ~|ab] < yr,,

jeudi 25 juillet 13



Qualitative VB

* Elementary interactions energies :

3) The 3e repulsion : @@

labb|
\P(3erep) = 1_S2
(wIE ) A A A _
= ((abb])| i + i + s (b)) =
(a(DBQ2)b(3)| I + 1z + ha| a(DB(2)b(3)) — (a(DB(2)b(3) I + ha + B b(1a(2)b(3))
) £ +e e, o _BS-BS ’
—28S
= E(3e,,,) = P Same as triplet

1-S?
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Qualitative VB

* Elementary interactions energies :

4) The 4e repulsion : @@

= Exercise 3:

1) Calculate the energy expression of the 4e repulsion at the
qualitative VB level.

2) Compare this results with the energy expression obtained
from MO-Hiickel level.
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Qualitative VB

* Elementary interactions energies :

4) The 4e repulsion : @@

‘abag
\P(4erep) = - S2
AT A A A A .
— <(|abab) hi+ho+hs+hs (|abab|)> =

<a(1)b(2)5(3)13(4) B+ ho+hs+ ha a(1)b(2)5(3)13(4)> . <a(1)b(2)5(3)13(4) B+ ho+hs+ha b(l)a(2)5(3)l§(4)>

. / o /

' Vo
£+&,+e3+€,=0 BS+BS+0

—<a(l)b(2)5(3)]§(4) hi+ho +hs + ha a(l)b(2)i§(3)&(4)> n <a(1)b(2)5(3)l§(4) B+ ho +hs + ha b(1)a(2)1§(3)&(4)>

o J o J

0+B5+S 4BS°

_ABS+4BS’  —4BS
— E(4erep) = ﬁ 5 g — ﬁz
1-57) 1-§

Double as triplet and 3e repulsion
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Qualitative VB

* Elementary interactions energies :

4) The 4e repulsion :

MO VB
/%\ __B
# % Wide ) ‘abalg‘
\ / ere = 7
# s
2P 2 —4BS —43S
E(4 — — — s — E(4 =
(%) 1+S 1-S 1- 57 () 1-5°

jeudi 25 juillet 13



Qualitative VB

* Elementary interactions energies :

©) H-CH,CO,H 0 bECh o
5) The 3e bond : Examples : He,*,RS .. SR', V\(\/\SH \"\(»
1 1 1 . H, @ e H,N o
radical intermediates : N
MO VB
* = OO—OW
Ao B
% OO B Y, o< ‘a&b‘ +‘bl;a‘
" (1+S)
¥, <|060”| =|(a+b)a+b)a-b)| = ...=—|aab| - |bba| <V,
1-3S '
D = B( ) 5, ~0.17 <& Remind for

© (1-5%) later use !
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Qualitative VB

* Elementary interactions energies : VB MO
B B
tebond TR = (DO-—COD 175 15
/7N
288 28

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

3-ebond(a-B)= (Y D=—CY1D " 3S) )
1- S
Triplet / 3-e repulsion (AlT TB) = @@ _IZBSSZ -12 BSSZ
-4ABS -403S

4-e repulsion (A/N/ ~LTB) = @@ 1- S2? 1- S2
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Qualitative VB

-2nf3S
Energy of a determinant with » (neighboringT T): Y
triplet repulsion Q)@ -2B8S/(1-57) (VB and MO)
4-¢ repulsion QD@D -4BS/(1-57) (VB and MO)
)
spin-alternated determinant ? ? X0 0 (VB only)
3-e repulsion Q)QD -2BS/(1-5%) (VB only)
bond... single electron A
-BS/(1-57) (VB only)
& ®
R )
bond... bond m m _BS/(I_SQ) (VB Only)
~— 7
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Qualitative VB

* Elementary interactions energies :

Energy of a determinant with »n pairs of interacting e~ o2nl}S =23)
o sign : + if attractive, — if repulsion
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Qualitative VB

* Illustration : ground state of O :

Dioxygen triplet ground state: two m-type 3e-bonds :

7’
7’
’
7’ N
v N
’ N
’ ~
’ \‘\
2 -
4 Q
P 70 * * "
P S
r T T e
/ X Y A
, AN
.7 Y
A SR
4

>~~ Re

.
N . .

SO ’ .,
N S . 2
N 0 .

-
e
Il -
@
::fi::ff
(>]>
IQOTH ‘=,c>
®
¢‘=,|=;
q‘)lfy
®

- s~
- ~
- ~
- ~
- ~
- ~
- ~
- ~
- ~
- ~
- ~
- ~
-
-
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Qualitative VB

= Exercise 4 : ground state of O :

1) Calculate the energy expression for the 7 system of the lowest
triplet state of the dioxygen molecule, at the qualitative VB level.

2) Same question for the closed-shell singlet state, corresponding
to the usual Lewis structure used for this molecule.

3) Take the difference, and conclude which state is predicted to
be the lowest at the qualitative VB level of theory.

Singlet Triplet
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Qualitative VB

= Exercise 4 : ground state of O2 (answer) :

8.99 E(S) = 28S /(1+52) -4BS /(1-52)
« -
]

9 9 E(T) =28 (1 - 35)/(1-52)
> O

E(S) - E(T) = =28 (1-9)2/(1-5%) >0

= The triplet state 1s always the lower
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Qualitative VB

= Exercise 5 : spin polarization in allyl radical :
H

A\
H,C™ * CH,
The allyl radical is a planar molecule with three electrons in its 7 system (in 3 pc orbitals).

1) What are the three possible covalent structures for the allyl radical ? Express their
energy at the qualitative VB level, and show that two of them are degenerate.

2) Show that the third structure can be expressed as a linear combination of the first
two structures, and thus that only two of the three covalent structures form a
complete basis of non-redundant structures (Rumer basis).

3) EPR measurements show that the spin density on the central atom is +0.2,
whereas a value of -1. is predicted at the RHF level. Express the HL w.f.
corresponding to the ground state, and calculate the predicted spin density.

Continuation of the exercise : https://wiki.lct.jussieu.fr/workshop/index.php/VBTutorial2
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Qualitative VB

= Exercise 5 : spin polarization in allyl radical :

: : ;
+2/3Ws -85 NS —[y\ﬁs
a® °c a® ®c a/e o\ C

=0
= El)=+BS<0 = E(UH)=+B5<0 = E(IIl)=-2[3S
(D)= % abd +|pac) — Exc.S. = I+II=III
1 _
l//(l])zﬁ(|ab5|+‘acb|) I — — 11

L S
w (Il = $(|abc| +|cbal) =y () +y () —G.S. = I-II
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Qualitative VB

= Exercise 5 : spin polarization in allyl radical :

3) EPR measurements show that the spin density on the central atom is +0.2,
whereas a value of -1. is predicted at the RHF level. Express the HL w.f.
corresponding to the ground state, and calculate the predicted spin density.

jeudi 25 juillet 13



Qualitative VB

= Exercise 5 : spin polarization in allyl radical :

V., :%(2|al;c|+|bﬁc|+|a5b|) by

Spin density on centerb: p, = ¢;+c; — ¢ =-033 EPR
—— -
alpha spinonb  betaspinonb 0.0 +0.6

= much closer to experiment than RHF (and also UHF)
SRRy

The spin alternant determinant
%) Dqc, having the lowest energy,

control the spin density pattern
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Application

Electronic structure of the DTCNE dimer
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«Pancake bonding»

e DTCNEy*:
NC//, b \\\\CN
NC amal: s CN
S .
©) ; | ® X+ : Nat, Cs*, [iPraN]*,
X 1 3 [Cr(CeMesHs )], ...
2.9A 2.
- NC PR N CN
NC /CN
Electrostatic complex ?...
- Strong bonds

- Same bonding distance whatever the size of the cations !
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«Pancake bonding»

e DTCNEy*:

NC. _.CN e
NCQ\'_‘%CN —
= — e
@ :: :: @ NCWCN _— ——
K | K — XISk =
29 A '; : : ——
.0 — —
o o _ . i3.05A —
NC CN : ' T

Stable in the crystal o A

Stable in solution

- Same bonding distance whatever the environment !

— not only electrostatic... also an interfragment bond
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«Pancake bonding»

 Other «pancake bonding» systems :

N

S s
NG = CN

N

[CA],

- Same bonding distance whatever the system !

- de..c< sum of vdW radii (3.45A) , but much longer than C-C 2e bonds (1.54A)
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«Pancake bonding»

* What kind of bonding in DTCNE?*?

®
Na
NG, CN NC,, CN
S oa 1SN
E- ----- : : -é- -E
® : I ® : 3
Na 4 9A: “:2-9A Na ~2.7A : 2.7A
.S . 2
NC' \W» . ,,.CN NCmCN
N “1eN v o UoN
Na
!
D, = 80. kcal/mol D, @kcal ol

Right geom : significant bonding force overcome repulsive electrostatics !
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Qualitative MO analysis

[TCNE] [TCNE]"
J

Y Y

Left fragment Right fragment
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Qualitative MO analysis

[TCNE]" [TCNE]"
[7-TCNE, 12"

— a simple 4 centers / 2 electrons bond ?
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Qualitative MO analysis

[TCNE]" [TCNE]"

Other «pancake bonding»

systems : n center / 2e” bonds
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Quantitative MO computations

e GVB calculations of the axial conformation :

® 25.0 M. Head-Gordon et al.,PCCP 2004, 6, 2008
N

NC////, a \\\\CN 2 0 O K:TCNE;
NCmmy:  amCN ‘

5 PP(1)

L 150

L Q.
NCﬁCN 1 0.0 T
NCY ® cN

Na

Contribution of
dynamic correlation

1
50 + CP-M

BSSE-corrected

R -10.0

to bonding: 2 2x2CASSCF+MP2
> 23 kcal/mol ! 150
200

- 2x2 CASSCEF describes well 2e bonds (particularly stretched...) : not the case here !

- Contribution of dynamical correlation energy huge !
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Situation

* What kind of bonding in DTCNE?*?

®
NC,, Na CN - Same bonding distance whatever the
"I A\ . .
NC ¢ .S CN counter-ion, the environment, the system...
i © i~2’7 A - MO analysis propose a 4c/2e bond, but
o GVB-PP fails to account for any bonding...
NCmCN - Distance too short, bond energy too strong
NC® - ® N to be dispersion...
a

— try a different perspective... with VB theory !
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Qualitative VB analysis

» VB set of structures for DTCNE»?:

I, aitl i it

2
.
.
.
’,

n il
Gl
A \
VAV VY VARV
@ i ‘\\\\ 11, Wi\l 1, Wil Hm Wi
Na (Y (. [
N [
C///’ ‘1, \\\\\\C N

______

O
L 1 2 4
L O !
NC ©) ’CN © © o ©
Na 7 8
98_86
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Qualitative VB analysis

» VB set of structures for DTCNE»?:

11 il D il 1 il 1) il

‘34!5 ,‘5 - (e9O o o
-ZBSE . 2RSS -2B8S -2BS  -4BS :§+ZBS +2BSe, -4B3S

© © ‘? © " " ©

® . 1) a\ 110 il 1) Ll
N C///,, Na « CN ‘ ‘ . ‘ ‘ ‘
3 4

NCaml:  .asON
O
o 1 2
L Q.
NCPRT  amCN
NCW ® “/GN ' ' 98_8@ @8_8@
Na 1] 1 h ! 7 8
® © © ®
. Sly 90 58 B
-2BS2 -2BS  -2BS2 2BS
S) ve
() (L 9 @8—8@ @8—8@ 10
5 6

— No structure is bonding by itself, all the bonding comes from the resonance !
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Qualitative VB analysis

» What about three-electron bonding ?...

At infinite distance, .
each fragment L 00
displays a 3e”  bond :

Left-right exchange of
the negative charge,
equivalent to:

%%.:.n*
S
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Qualitative VB analysis

» VB set of structures for DTCNE»?:

288? ?E -2B8S 4BS §+2Bs +2Bs 4BS
©
Wil

®
Na
O
o 2
L O]
NCPR  mCN
ey @ oN ' '
Na
@ e
2333 -2BS
5 6
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Qualitative VB analysis

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

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

I, A ) il I

=0
SO
>
W
» O

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

) nil ) A i Al 1) A
(34!5 45 © © ©
> 5 : ;
VRV VA0 ; ) P
ITR uil 1\ it h A IITTAN A
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Qualitative VB analysis

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

(8

;llh 1l
* ,*
.
.
.
.
N v 11

\
-
\

O)

o)

-

1 il
IH LIITAN s\

1 5
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Qualitative VB analysis

L & 6 [ s‘\
1

\
,"
5

Illl.i 5 % i\\\\\ IIIII I\\\\\ Illl,i i é i\\\\\

~— 'S = — ~ —
oy C C..n\\\\ ”“"'-.C C il
' ‘....._.' '— 1 1
PR— B b
I e O ! ' '
llll:,,_ ‘o0 Ty ““‘“\ ”lu,,_ y i n\\\“

Intra-fragment 3-e tbond  Inter-fragment 3-e 6 bond

— bonding in DTCNE : two inter-fragment 3e bonds ?
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Qualitative VB analysis

* MO/ VB mapping :

Development of the HF determinant in the VB basis of structures :

Y, . = agagb3ub3

jeudi 25 juillet 13



Qualitative VB analysis

* MO/ VB mapping :

Development of the 15t excited det. in the VB basis of structures :

Y

l—ext — g™ ¢™3u"3u"1g lg‘
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Qualitative VB analysis

* MO/ VB mapping :

Development of the 274 excited det. in the VB basis of structures :

‘{’2

—ext ~ |Pg g 2u2u1g lg‘
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Qualitative VB analysis

* MO/ VB mapping :

Development of the 3™ excited det. in the VB basis of structures :

Y

3—ext
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Qualitative VB analysis

* MO/ VB mapping :

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

RSN RS JL Je S Sl o 5
¥\ oy =|a,a@ by bbby = =P - -
<
¥, oy =|a,@ by by b by = =Y P W W -
Yo =|b3b3,02,00b,,b, AESEES SRR JARa SO S SO 06

MO (4x4) description = VB description, but...

the VB analysis which reveals the 3e-bond nature
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Qualitative VB analysis

 Conclusion of the qualitative VB analysis :

”’“'n. antl ““"'-. ail
p— C v Oy r(? Cx
O e 1 |
— 'lo J .
[ [ ]
\ :
11 " ;.o-‘ \ 1 |' ,
., Lt I, ~ il

Intra-fragment 3-e tbond  Inter-fragment 3-e 6 bond

Bonding in DTCNE :

two inter-fragment 3e bonds ?...
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Ab initio VB calculations

* DTCNEz? : computed weights (J-VB) :
22 4% 38
C>d5 x‘b | ledo o . ‘ ©
§F 4 55 45
N N N

1 2 3 4
20.2% 20.2% 16.1% 16.1%
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Ab initio VB calculations

* DTCNEz? : computed weights (J-VB) :

A
1) At 1) 11l 1) il
< 5 6 © @ e
@ o VAV VY
1 D ai\\ 111, sl i, Wl ) Wil
(N (0 (N [ [\ (O
6

20.2% 20.2% 16.1% 16.1% 10.1% 10.1%

¢ Interfragment 2e bond ?
on MO/ VB maping :

NC._ }
NC . |-l CN

Nc%cw

NC”” “*ON

Purely covalent n*-t* 2-e bond =
1+2+3+4 (equal weights)
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Ab initio VB calculations

* DTCNEz? : computed weights (J-VB) :

() (
111, ) At 1) il
‘34!5 45 © ©
VG °F () O
1 111y, aill 115 ) il
[\ [ [\ [

20.2% 20.2% 16.1% 16.1% 10.1% 10.1%

¢ Interfragment 2e bond ? (covalent + € ionic ) n-* 2-e bond =
“ 1+2+3+4 +€(55+6)

However, € = 3.6% in a stretched C-C bond:

NC._ .
NC . |-l CN

H

g g W 26h M MGo e N

EO 0O /’

\ ,\\I

(:.-——-.(: - (:’ C =
NCw=- SN CN

:C
NC™” “CN H 928%‘“ H 367\"' H 367‘“
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Ab initio VB calculations

* DTCNEz? : computed weights (J-VB) :

1114 il U il 1i1,) m 11, At

‘34!5 45 © © ©
P 1 N 4 O 1

111, atl\ 1y, Wt I, o\ 11, ol

1 2 3 4
20.2% 20.2% 16.1% 16.1% 10.1% 10.1%

¢ Interfragment 2e bond ? (covalent + € ionic ) n-* 2-e bond =

. o 1+2+3+4 +€(5+6)
\g : % However, € = 3.6% in a stretched C-C bond:
:i 8 — The inter-fragment bond

v @ U cannot be a simple n-n* 2-e bond
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Ab initio VB calculations

® Some tests of credibility :

I, antil I, —e ST\
rC\._o.o_‘,C\\ "(? ql‘\

3-e 7T bonds T .° s 3-e O bonds
I“Il,,,_ ";..-‘\ ‘““\\ I”lll.,,l‘ ,’_n\ W

Characteristics of 3e bonds :
1) Large equilibrium distances : d(S—S)=2.0 A ; d(S ..S) = 2.8 A
2) Small overlap (S, , =0.17)

5) Importance of dynamical correlation
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Ab initio VB calculations

3-e TU bonds — :.. '; 3-e O bonds
ly,,,. N oy I, L atl
"C b\‘ ’C_C \\

1) Interfragment bond length close to 3e- bonded ethane anion :

X@
H NC"I \\\8%
Hy = H NC )
L, - Y
C . e X ~26A E E ~26A
/ € > ""/ : .@i
2658 H' NCZ— ¥CN
N ® 'CN
X
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Ab initio VB calculations

—_— Al
’C ‘lC\ ’C czl |
3-e TU bonds — :.. '; 3-e O bonds
iy, C_‘b At 1y, c C"“““

2 ) Interfragment orbital overlaps close to optimal 3e- bond value :

”,
II""‘ ““\\\\

Sope = 0.17
S, =0.15
for any 3-e bond (computed)
(demonstrated in W “y

qualitative VB theory
as well as Extended Hiickel theory)
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Ab initio VB calculations

— i CNQ i C—C
3-e TU bonds — . '; 3-e O bonds

Iy, W Iy, l' Lt

"C Cug ’C_C \

5) Contribution of dynamic correlation to bonding;:
e In [F.".F]-, dynamic correlation contributes ~ 30 kcal /mol to bonding

e In [TCNE],?-, dynamic correlation contributes > 30 kcal/ mol to bonding
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Ab initio VB calculations

IIIm...C — C il u..(? C‘
- ..0 ..
AE
i, R o i, Lt A
'C C‘ 'C_C‘
12534 1e—+2<—€E!IHE}
iS)
2X Nogw——qgon R
5.2 kcal /mol
J-VB(VMC) 6str.
9.7 kcal /ol
J-VB(DMC) 6str.

AE(«reference») = 11. kcal/mol
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Ab initio VB calculations

3:2243 ——C o C——C{y
<> ‘e o AE
liy,,,. "‘.'.'\ atd Iy, -\ A
Lozedos 1255626 J-VB(VMC)
1234 7y
o 10.6 kcall mol
2X Nopme——agoN B SO
5.2 kcal/mol
J-VB(VMC) 6str.
9.7 kcal/mol
J-VB(DMC) 6str.

— Without str. 5-6, DTCNE becomes repulsive !
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Conclusion

- A simple VB wave function in terms of only 6 VB structures

accurately describes the electronic structure of [TCNE]>>

- Even when electrostatic interaction is repulsive (axial conformation),

the two fragment anions are directly bonded by a pair of 3-e bonds

- This simple picture explains at once :

1) the unusual bond length,
2) the interfragment overlap,
3) the importance of dynamic correlation

B Braida,* K Hendrickx, D Domin, ]. P. Dinnocenzo, and P. C. Hiberty™* JCTC 2013, 9, 2276—2285
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