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Four-Electron Three-Center Bonding: One-Electron and Concerted Two-Electron
Delocalizations into Bonding and Antibonding Molecular Orbitals
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For a four-electron three-center bonding unit that arises from the interaction between an atomic electron
donor Y and a diatomic electron acceptor A:B, it is deduced that some concerted delocalization of the two
lone-pair electrons of Yinto the antibonding molecular orbital of A:B is equivalent to the concerted
delocalization of these electrons into aX bonding molecular orbital. For neutral intermolecular electron
donors and acceptors that involve a four-electron three-center bonding unit, second-order perturbation theory
is used to deduce a condition for which concerted delocalization of the talectrons into the ¥-A bonding
molecular orbital may generate a higher energy than does a one-electron delocalization into this molecular
orbital. The theory is illustrated via the results of STO-6G valence-bond studies for the hydrogen-bonding
interactions that arise for an idealized HF dimer.

Introduction configuration of egs 35, in which4 determines variationally
With a minimal basis set, a four-electron three-center bonding _ 5 \Q x \B, o, B
unit involves four electrons distributed among three overlapping Py (MO) = [(y + 49" o) (Y + 29" o) Yap Yap | ®)

atomic orbitals (AOs},* designated as vy, a, and b, which are _ B o, B o % B o, B

located around three atomic centers, designated as Y, A, and = 1YY Wap Wan | + MY 9" ap Ve Ve | +

B. One type of Lewis valence-bond (VB) representation for B o, B 2 o B o, B

this type of bonding unit involves resonance between the Lewis [%* a5 Y Vab Yap I} + AN a5 Y ap Vo Yan | (4)
structuresl and2, each of which has an electron-pair bond and

=y, + Ay, + }'Zwlll )
. ® o
Y A:B tA B the extent of delocalization angl = 1. The purpose of this
1 2 paper is to demonstrate that (i) some delocalization of the y

electrons of structuré into the antibonding MQp* 5, according
a lone pair of electrons. When the wavefunction for the electron- to eq 3 is equivalent to delocalization of these electrons into
pair bond of either of these structures is formulated in terms of the Y—A bondingMO yy, =y + la, as indicated irB — 4,
a doubly-occupied two-center bonding molecular orbital (MO),
the localized MO (LMO) structural wavefunctions for these VB
structures are then given by eqgs 1 and 2, respectively, in which

oo )
Y tA LB hnd TtA: B
3 4

V1= 1YY P P | @) and (ii) delocalization of one y electron of structurénto the
P, = |bub51/)a - /3| ) Y—A bonding MOy, =Y + la, as in5 — 6, may generate_ a
y Fay lower energy than does the concerted two-electron delocalization
a andp are thems = +%/, andms = —/, spin wavefunctions, o #1/2) (12)
Yap = a+ kb andy,y = a+ ky are A-B and Y—A bonding YYAtB — Y-AIB
MOs, andk and« are variationally-controlled polarity param- 5 6

eters.

When intra- and intermolecular doreacceptor interactions
(with designations such as n-type electron-donor sacrificial a
electron-acceptérand secondary interactiohghe anomeric
effect/ and negative hyperconjugatfnare considered, one
form of approximate MO theory that is often used to describe
the three-center bonding involves some delocalization of the Delocalizati D Elect into Bondi d
lone pair of electrons on a donor atom into a vacant diatomic elocalization of Lonor Electrons into bonding an
antibonding MO of an acceptor molecUlé® For example for Antibonding LMOs
structurel, the relevant antibonding MO ig* . = k*a — b, The wavefunction for structuré is given by eqs 6 and 7.
with k* = (k + Sip)/(1 + kS and Sy = @b in order that When the identities|y* atywas*| = (kk* + 1)ja*b% and
Y* apandyqp be orthogonal. Focusing attention on this structure, |y*afyaf| = (kk* + 1)|@’b?| are introduced into eq 4, we obtain
some delocalization of the y electrons inp%, gives the MO eq 8 which corresponds to eq 9, whepe and yg are the

of 3 — 4. The theory will be illustrated via an STO-6G VB
study of model hydrogen-bonding interactions between two HF
molecules. (By concerted it is meant that the two electrons
occupy the same orbital at any stage along the reaction
cooordinate.)
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V4= Wy Pyl Yo V| 6)
= 1YY Pao Vad | + {1y A Yot | +
&Y Yl I} + e el | (7)
W,(MO) = Iy Yy ol | + (ki + DALy ey, 0| +
1y} + (kke + 1)2A%a% b’ (8)

=1, + (Kk* + DAy, + (kk* + 1)°2%, (9)

wavefunctions for VB structuresand8 respectively. Structure
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7, with a Heitler-London type wavefunction |y®y* of| +
lp*asyP| = K(ly*ef| + |a*yP|) — (ly*b?| + [b*yF|) for the
(fractional) Y—A and Y—B bonds, is an example of a Heitter
London increased-valence structé&?elhis type of VB structure,
with a Pauling “three-electron bor&®1! as a diatomic com-
ponent, is equivalent to resonance between the canonical Lewi
structures9 and 10,

U T
v A X B
9 10

() ¢

<ot

in which the y and a AOs and the y and b AOs are used
respectively to accommodate the electrons that form thé&yY
and Y—B electron-pair bonds. Structudé, involves a “long”

or formal Y—B bond and is an example of a singlet-diradical
or Dewar-type canonical Lewis structi#@The properties of

S

Harcourt

others, VB structures is an example of a LMO increased-
valence structure.

One-Electron Delocalizations vs Concerted Two-Electron
Delocalizations

In the subsequent treatment, we will use normalized forms
(W, = Ny, Wy = Nyyy andWy = Ny ) of theyy, yi, and
wn of eqs 5 and 13. Expressions for the normalizing constants
N;, Ny, andNy, are provided in the Appendix. Equations 5 and
13 may then be written as

Y, =W +u¥, + P/‘zlpm (14)
=W, + WN)NW, + puWy) (15)
Y=, ¥, (16)

in WhiCh/,t = (N1/N7)k|/(kk* + 1) = (N|/N||)/1, p= N||2/(N|N|||),

and N, N7, and N (=1/V/(A + puSim + p2u?) are the

normalizing constants fapi, 7, and¥ + puWy,, respectively.
For the same value of the polarity paramétdor the A—B

o bond in each of the VB structures, we now give consideration

to the second-order perturbati§restimates of the energies for

structures4 and 6 relative to structurel. These energies are

given by eqs 17 and 18, respectively, in whithy = Hjy —

SuE, Ay = Ei — B, andS,; = [W,|W,[] etc.

AE,~ _(TI,II + p‘uTI,III)Z/(AI,II + 2P#Tn,m + PzﬂzAi,m)
(7)

AEg~ _T|,||2/A|,|| (18)

It may be deduced that each Sfll: S|,|||, T|,||, andT||,||| is
primarily +/2S,,* dependent, where& andT, are primarily

these types of VB structures have been described extensivelyS,,*2 dependent. Therefor&, < Sy and [Tiu| << [Tl

in refs 2 and 3 and are not needed here.
When the identitiesa®ypa| = kla®b®| and|afyaf| = k&b’
are introduced into eq 7, we obtain eq 10.
Py =+ Ky, + k2|sz (10)

The W;(MO) andy4 of egs 9 and 10 are equivalent when
= kl/(kk* + 1). When this equivalence occurs, the identity is

Consequentlyg i andT,; will be omitted from the subsequent
development, and the results of the calculations described below
show that inclusion of these terms has only a small effect on
the energy of structurd. When this is doneAE, is given by

eq 19, for which the corresponding first-order estimate o

AE,~ _(T|,||)2/(A|,|| + 20uTyy + pz/"zAi,lll) (19)

established that some delocalization of the Y electrons into the given by eq 20. According to their definitions, eachecdindu

antibonding A~-B MO of VB structure 1 is equivalent to
delocalization of the Y electrons into the bonding-X MO.

VB structures7 and8 arise from the delocalization of either
one or two Y electrons of structufeinto the antibonding AB
MO. As indicated in the Introduction, when one Y-electron of
structurel is delocalized into the ¥A bonding MOy, =y
+ la, VB structureb is obtained. 1tsS = 0 spin wavefunction
is given by eq 11, which is equivalent to the linear combinations

1/)6 = |yawyaﬁlpabawabﬁ| + |wyaay5wabawabﬂ| (11)
= Iy Y palwal| + Ky ey o) + |a“yf’b°‘waf|}(12)
=y, + kly, =y, + {kl/(kk* + 1)}y, (13)

of egs 12 and 13. When the Wiberg-typdefinition of atomic

valence is used, it has been demonstrétéadhat the valence
of A cannot exceed unity in VB structug but it may have a
maximum value of 1.21 in VB structui@ For this reason, and

must have a value that is greater than zero. For neutral donor

p =T (A + 20uTyy + PZﬂZAi,m) (20)
and acceptor molecules,; > A, > 0. By comparison of eq
19 with eq 18, it is seen th&, > Eg when the requirement of
eq 21 is satisfied. The results of calculations described below
A > — 2Ty lpu (21)

for the HF dimer give values foil,;; and T, that are
respectively negative and positive in sign. Whep < 0 and
Ty > 0, eq 21 indicates that the energy of structdreiill
always lie above the energy for structie.e., the one-electron
delocalization process & — 6 will always generate a lower
energy than the concerted two-electron delocalizatioB of
4.

ShouldT,; and T both have the same sign (negative), then
it would be less easy to deduce the nature of the primary
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Figure 1. AOs for HF...HF four-electron 3-center bonding unit.

condition that is needed in order for eq 21 to be satisfied, and
therefore attention will not be given to this situation here.

lllustrative Calculations: Donor —Acceptor Interactions
between Two HF Molecules

To illustrate aspects of the theory, we report the results of
some STO-6G VB calculations for the (gas-phase) interaction
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TABLE 1: Variational Energies (au) for 1 <7< 8, 1< 7,
and 1

r(F...H)/A 178 17 1
1.4 —198.968 708 —198.968 694 —198.937 499
1.6 —-198.976 779 —198.976 776 —198.957 329
1.8 —198.977776 —198.977 775 —198.966 835
2.0 -198.976 812 —198.976 812 —198.971073
o ~198.973392 —198.973392 —198.973 392

enough to illustrate those aspects of delocalization theory with
which we are concerned.

The Amovilli—McWeeny VB study® of the HF dimer uses
better AO basis sets, and a larger number of canonical Lewis
VB structures. For their study, the primary minimum energy
occurs whernFHF = 168, (HFF = 116 andr(F...F)= 2.76
A. For the present calculations, the two angles have been
idealized to 180and 90, respectively, in order that nonhybrid

between two HF molecules when they are oriented as indicated"OS May be used to simplify slightly the calculations. It should

in Figure 1. Roso’s ab-initio VB prograin!4 was used to
perform the calculations. The y, a, and b AOs for the primary
four-electron three-center bonding unit are respectively a fluorine
lone-pair 2pr’ AO of the donor HF molecule and the hydrogen
1s and fluorine 2p AO of the acceptor HF molecule. These
AOs are displayed in Figure 1. The a and b AOs are used to
form the A=B bonding MOwap = a+ kb. The VB structures
11-13 correspond to VB structurel 7, and8, respectively,

T
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with wavefunctions given by eqs 224. In these wavefunc-
III11 = |Core Wﬂwabawabﬂ|

lII12 = (|C0re )’11/)* abﬁwabawabﬁ| +
|Corey* .y . lwa DIKk + 1) (23)

(24)

(22)

lplS: |Corew*abaw*abﬁwabawabﬁv(kkk + 1)2

tions, the core configuration is given by eq 25. The bond lengths
for each HF monomer were fixed at 0.92 A, Slater orbital

Core={(18)°(29)°(1s; +

K ZpUF)Z(sz)Z} Donoi (1&)2(23:)2(2WF)2(2WT' F)Z} Acceptor
(25)

exponents foF~05were used together with a H-atom exponent
of 1.2. A value of 1.29 was determined variationally for the
H—F polarity parametelk = k', for a free monomer. Calcula-
tions for the dimer were then performed by varying the
intermolecular F-H bond distanaéF...H), with bothk andk’
assigned the monomer value of 1.29. Better energies will be
obtained by allowing for independent variationkodindk' with
distance, but the energies reported kor k' = 1.29 are good

be stressed that the purpose of the present study is to use the
HF dimer to make comparisons between one-electron and two-
electron delocalization processaestto examine quantitatively

the nature of the hydrogen-bonding interactions.

Energies for several values dfF...H) are reported in Table
1. For these distances, the minimum energy occurs \wfenH)
= 1.80 A, to giver(F...F)= 2.72 A. Corrections for possible
basis set superposition errors have not been included. The
associated dissociation enerde) for the F...H hydrogen bond
is 11.5 kJ motl. These results are in qualitative accord with
the estimates of 2.76 A and 20.2 kJ mbfor r(F...F) andDe
provided in ref 15. The matrix elements fofF...H) = 1.8 A
(Table 2) are used for the subsequent discussion.

The energies reported in Table 3 iF...H)= 1.8 A show
that the lowest-energy linear combination®fandW¥, (to give
theys of eq 16 is almost identical to the best linear combination
of W, W, andW¥, and that they, = ¥;(MO) of eq 15 lies
above theys of eq 16. The latter result is obtained from either
the accurate calculations or the approximate calculations via
egs 1719. Itis also seen that tt®y, andT,;; matrix elements
have small magnitudes and that their omission from eq 17 has
only a small effect on the value &E,. Estimates folE; — Es
are 0.32 kJ mof! (no approximations), 0.35 kJ mdl(eqs 17
and 18) and 0.68 kJ mo! (eqs 18 and 19).

It may be noted that the AmovitiMcWeeny study excludes
the F—F “long-bond” Lewis structure of typelO, which
contributes to the VB scheme considered here through the
inclusion ofy7 = kyg + ¥10. (The type9 Lewis structure is
included in the Amovill-McWeeny study.) To demonstrate the
effect of excluding structur&O in the present study, we have
sety; equal toyyg in the calculations for(F...H) = 1.80 A.

The resulting dissociation energy is reduced from 11.5 to 0.3
kJ mol L. However if we sety; equal toyio, a negative
dissociation energy of-2.7 kJ mof? is obtained.

In ref 15, the charge transfer contribution to the dissociation
energy of 20.2 kJ mol is 3.6 kJ mot?. Inspection of Table 1
shows that, for the present type of calculation, charge transfer
(via the inclusion of structure7 in particular) is solely
responsible for the stabilization of the dimer relative to the HF
monomers as dissociation products.

More Complete Descriptions of Four-Electron
Three-Center Bonding Units

A more complete MO description of the four-electron three-
center bonding is obtained via linearly combinig(MO) of
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TABLE 2: Hamiltonian (au), Overlap, and Ti; = H;; — S;E, (au) Matrix Elements for r(F..H) = 1.80 A A,y = Hy — Huy,
etc.)

H|,| —229.637 819 S,| = S|,|| = S||'||| =1.0 A1,|| =0.812 205078

Hin —31.521 806 67 S =S 0.136 847 36 A, =2.780 872 859

H|,||| —2.180 112 483 S,III = 0.009 452 158 T|,|| = —0.096 390 933

Hii —228.8256139 S, = 0.055 025 06 Tum = +0.084 109 367

H||,||| —31.335716 61 S’l/’* =0.081939 02 T|,||| = —0.009539 473

Hinn —226.857 446 1 Siw=0.344 187 38 Enuclear= +30.670 983 7

TABLE 3: Ener’gies (au) for Structures 1, 4, and 6 at
r(F...H) = 1.80

no approximations 2nd-order perturbation

E —198.966 835 —198.966 835

Es —198.977 775/ = 0.1153) —198.978 274+ = 0.1187)
Es= Ei(MO) —198.977 6544 = 0.1122) —198.978 015(u = 0.1160)
Es = E(MO) —198.978 144 (1 = 0.1166)

aT|'||| omitted.bTH” included.cv = —T|,||/A|'||. dFrom eq 20 via
Newton’s method® As for footnoted, but with T, replaced byT,; +
P#Tl,m-

eq 3 with theW,(MO) of eq 26 in whichy., = a + «y and
W,(MO) = [(b+ A'y* )" (b + Ap* o wa el (26)
= 100 o Y|+ A0 Y o 1 | +
A TN | S N [ VR T TN X
= 0% o o) |+ Gt + DA%y, Y| +
&0y o b+ (et + 172 %%y Y| (28)

=y, + (k* + DA + (kew* + 12
Yo+ ( Wi+ ( YA W15 (29)

Yray = K*a —y.

+12) (1/2) -
YA B Y X B
14 15

When ' = kyl(ke* + 1), Wo(MO) is equivalent to the

wavefunctionys of eq 30 for VB structurel6, with ypa = b
+ ya.

w16 = |wbaawbaﬂwayuwayﬂ| (30)
= by o | {0 Y )+

oy 1} + vy s (31)

= 1, + kY Py + KoY (32)
¥17= 0Pl Vo Py | + [P0 0 0 )| (33)
= b0y ya |+ {0y Y+ 1Ay, |(13 5
=Y, + kyYy, (35)

The latter VB structure may be generated from the Lewis

structure2 by delocalizing the B electrons into the- bonding
MO s as indicated.

) '/\.‘." @O
Y$SA'B — tA B

2 16

The increased-valence structuré may also be constructed
from the Lewis structur@ via the delocalizationfaa B electron
of the latter structure into the BA bonding MO ypa The

@ ol @ () 12
Y S A B —> Y:tA B
2 17

wavefunction for structurd? is then given by eq 33.

At each stage along the reaction coordinate, the wavefunction
for a reacting four-electron three-center bonding unit is given
approximately by either eq 36 or 37.

Y(MO) = C,(MO)¥,(MO) + C,(MO)W,(MO) =
C,W, + CigWy6 (36)
W(increasedvalence)= CW,+ C,;W,;,  (37)

With the y, a, and b AO basis set, “exact” wavefunctions for
a four-electron three-center bonding unit are obtained by
replacing the (fraction&f) electron-pair bond wavefunctions
for (1ap)? in structurest and6, and for (4y)? in structuresl6
and 17, by Coulson-Fischet® type wavefunctions for
(' an) (¥ ap)* and ') (1" )", respectively. Further details
for CeWe + Cy17W,17 are provided in refs 2be, 3e,g,h,k, and
17 together with its use to show how electron reorganization
may occur via one-electron delocalizations for gas-phage S
reactions. The considerations presented here, together with those
provided in ref 3k, indicate that the one-electron delocalization
representation vi€sWs + C17¥17 should be preferred to the
concerted electron-pair delocalization representatiorCyt,
+ Clﬁlple.

Conclusions

The theory described here suggests that for a four-electron
three-center bonding unit that involves an electron donany
an electron acceptor A:B, the delocalization of onel¥ctron
into a Y=—A bonding MO may generate a lower energy than
does either a concerted two-electron delocalization into the
bonding Y-—A MO or the corresponding concerted two-electron
delocalization into the antibondingAB MO. When this is the
case, the primary description of the charge-transfer component
of the donof-acceptor interaction involves the formation of a
one-electron bond between the donor and the acceptor. The
conclusion has relevance for descriptions of both intra- and
intermolecular doneracceptor interactions; examples include
the anomeric effect and hydrogen bonding, and the formation
of reactant-like and product-like complexes near the commence-
ment and conclusion of gas-phase nucleophilic substitution
reactions?—e30.n k17 Application to the so-called pentavalent
nitrogen atom is in progreds.

I am indebted to and thank Dr. W. Roso for providing me
with his ab initio valence-bond program and Dr. F. L. Skrezenek
for installing it.

Appendix: Normalization Constants for ¥, y, and gy

With ¥ = yap = a+ kb, y* = yp*4 = k¥a — b, andk* =
(k + Sw/(1 + kSy), it may be deduced that
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S,, =K+ 2kS,+ 1,
Sy = (1= 8)S,, /(L + kS,
Sy =Sat kSp Sy =K'Sa— Sp
N, =1/S,, ~ S,
Ny * = 0.5 Sw(sw*w*z - Sw*w*%wz + Sww%w*z)}’
Ny = 1/(S,,S,+)

In Table 2, the values fo§,,, and S, are for normalized)
andy*.

Note Added in Proof. References listed in the present paper
have relevance for some content of three recent publications.
(a) A review titled “Valence Bond Diagrams and Chemical

Reactivity” (Shaik, S.; Shurki, AAngew. Chem., Int. Ed. Engl.
1999 38, 586) discusses nucleophilic substitution reactions. In

refs 2b-e, 3g,h,k, and 17 here, increased-valence structures of

types6 and 17 are used to provide a VB representation for
electronic reorganization needed to convert reactants into
products for reactions of this class. The VB symbolism for the
Pauling “three-electron bond” used by Shaik and Shurki (and
another symbolism used by F. M. Bickelhaupt, A. Diefenbach,
S. P. de Visser, and M. M. Nibbering.(Phys. Chem. A998
102 9549)) differs from that used in refs 2a, 3a-q, 11, 14a
¢, and 17 here.

(b) A theoretical study of electronic structure of &N
(Papakondylis, A.; Mavridis, AJ. Phys. Chem. A999 103
1255) displays zwitterionic and singlet biradical VB structures.
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Maksic Z. B., Orville-Thomas, W. J., Eds.; Elsevier: New York, 1999; p
449 (see also references therein).Jd\Wol. Struct. (Theochendp97, 398—

399 93 and refs £13, 15, and 16 therein. (e) In Klape, T. M.; Schulz,

A. Quantum Chemical Methods in Main-Group Chemistiley: Chich-
ester, U.K., 1998; p 217. Atomic formal charges in the VB structures of
the present paper have been assigned on the assumption that the bonding
electrons are shared equally by pairs of adjacent atoms. Values for the
variationally-best formal charges must be obtained via calculation. In VB
structures2—10 and 14—17, the formal charges displayed are relative to
those for structurd, in which it has been assumed that the Y, A, and B
formal charges have values of zero here.

(3) A selection of additional references from our laboratory includes
the following: Harcourt, R. D. (apust. J. Chem1969 22, 279; (b)J.
Mol. Struct.197Q 5, 199; (c)lbid. 1971, 9, 221; (d)Ibid. 1972 12, 351,

(e) Aust. J. Chem1975 28, 881; (f)J. Am. Chem. Sod.978 100, 8060;

(g) J. Mol. Struct. (Theocheni)991, 229 39; (h)lbid. 1992 253 363; (i)
Ibid. 1992 259 155; (j)J. Mol. Struct.1993 300, 243; (K)Int. J. Quantum.
Chem.1996 60, 553. (I) Harcourt, R. D.; Harcourt, AJ. Chem. Soc.,
Faraday Trans. 21974 70, 743. (m) Harcourt, R. D.; Sillitoe, J. Rust.

J. Chem1974 27, 691. (0) Harcourt, R. D.; Roso, Wan. J. Chem1978

56, 1093. (p) Harcourt, R. D.; Skrezenek, F. L.; Flegg, R. H.; Wilson, R.
M. J. Chem. Soc., Faraday Trank986 82, 495. (q) Harcourt, R. D.; Hall,

N. J. Mol. Struct. (Theochenf)995 342 51;1996 369, 217.

(4) Some other references (with no increased-valence structures) by
other workers include: (a) Musher, J.Angew. Chem., Int. Ed. Endl969
8, 54. (b) Epiotis, N. DJ. Mol. Struct. (Theocheni991, 229, 205. (c) de
Giambiagi, M. S.; Giambiagi, M.; Herrera, 4. Naturforsch.1994 49A
754. (d) Rudd, M. V,; Lindeman, S. V.; Husebye, A&ta Chem. Scand.
1996 50, 759; (e)Ibid. 1997 51, 689. (f) Weinhold, F.Mol. Struct.
(Theochem)L997, 398—399, 181. (g) Landis, C. R.; Firman, T. K.; Root,
D. M.; Cleveland, TJ. Am. Chem. Sod998 120, 1842. (h) Glendening,

E. D.; Weinhold, FJ. Comput. Chenl.998 19, 593, 610, 628. (i) Bettinger,
H. F.; Schleyer, P. v. RIl. Am. Chem. S0d.998 120, 11439.

(5) Mulliken, R. S.J. Chim. Phys1964 61, 20.

(6) Alcock, N. N.Adwv. Inorg. Chem. Radiochem972 15, 1.

(7) White, J. M.; Clark, C. |.Top. Stereochenl999 22, 137 and
references 57 therein.

The resonance between these structures is equivalent to the use (8) (a) Schleyer, P. v. R.; Kos, A. Jetrahedron1983 39, 1141. (b)

of increased-valence structures [cf. refs 2a (section 22-4) and
3d,0 here; see also ref 3i and Harcourt and LitlleAm. Chem.
S0c.1984 106, 41) for further VB discussion of this molecule.
As discussed in refs 2d and 3q here for isoelectroni® N~

N + O*, the presence of singlet biradical character of,Nk
may change the nature of the-Gl bond-breaking process from
polar to nonpolar; for explicit reference to @ — N, + CHy*,

see also: Harcourt, R. 3. Mol. Struct(Theochem1995 342,

51.
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