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[H3AIXH] ~ (X = NH, PH, AsH, O, S, and Se) andsMYH (Y = OH, SH, SeH, F, Cl, and Br) have been
investigated as donetacceptor complex type at the G2 level of theory. Both staggered and eclipsed
conformations have been examined. The G2 energetic results show that the anionic complexes are more
stable than the neutral ones. They also show that this stability decreases when descending in the corresponding
periodic table column, from nitrogen (or oxygen and fluorine) to arsenic (or selenium and bromine) atoms.
The interaction diagrams prove that the evolution of complexation energy depends on the coordination mode.
In fact, this is a simple “HOMG-LUMO?” interaction for [HsAIXH] ~ anionic complexes while for the H

AlYH neutral ones it is a result of two interaction types: interaction betwésgrametry fragment molecular

orbital (stabilizing) and interaction betweei aymmetry fragment molecular orbitals (destabilizing). The

NBO analysis shows that there is no correlation between the G2 complexation energy and the transferred
charge from donor fragment to acceptor one.

1. Introduction now report our investigation on the anionic alane denor
acceptor complexes gAIYH] ~ (Y = NH, PH, AsH, O, S, and
Se) compared to the neutral isoelectrongABXKH (X = OH,

SH, SeH, F, Cl, and Br) ones. The relative stabilities of these
complexes are examined with respect to the qualitative molec-
ular orbital analysis (QMOA$2-20The choice of the complexes
investigated was made with the aim to include different types
of strongly bound molecules (anionic ones) and coordination
compounds (neutral ones). To the best of our knowledge, no
comparative study of these complexes has been carried out. A
computer search d@hemical Abstractslid not offer any help

in this matter.

The chemistry of aluminum hydride (A#{ has been the
subject of numerous experimental and theoretical studies. This
compound and others as aluminum halides play an important
role in a wide range of chemical processes. Aluminum hydride,
AlH3, is used in photography and photoimagirighas recently
been implicated in desorption of hydrogen from aluminum
crystals? Because their adducts have a volatile behavior, alane
(AlH 3) and gallane (Ga) are used in chemical vapor deposition
(CVD) technology and other areas of material science and
applications in synthesi! It has been shown that alane and
borane (BH) derivatives can be used in a new approach toward
AIN/BN materials® Both these areas require a detailed under-
standing of the structure and properties of such adducts. 2. Computational Details

Previous high-quality ab initio computational studies of the
Lewis acid chemistry of A4 complexes have generally dealt
with the chemistry of the aluminum trihydride!2 Nevertheless,

a lot of points are still obscure such as the coordination mode
nature, the charge transfer, and the relative stability in a column
or row of periodic table.

For the past few years, our group carried its interest to the
donor—acceptor complexes of group 13 and reported works on
a series of adducts of borat&l” More recently:® we reported

Ab initio calculations were performed using the GAUSSI-
AN92 program?! The calculations were performed in the
Windows environment on a 266 MHz Pentium Il PC having
64 MB of RAM and about 4 GB of available disk storage space.
Geometry optimizations were performed at the MP2(full)/6-
31G(d) level; the zero-point vibrational energies (ZPE) were
obtained from scaled HF/6-31G(d) frequencies (scaled by the
factor 0.893%2 For improved energy, the Gaussian-2 (G2)
. . energie$® were computed. The electronic structures were done
a detailed theoretical study on adducts of alanaAJiH 4] using the natural bo%d orbital (NB&)partitioning analysis at

(X = C, Si, and Ge) and $AlYH3 (Y = N, P, and As). We ) ; .
showed that the stability of these complexes does not dependthe MP2(ful)/6-31G(d) level. NBO's are the localized set of

on the charge transfer, whereas a correlation between theeaSIIy recognizable Lewis-likex(andz bond, lone pair, and
arg ’ e core) and non-Lewisof and s* antibond and Rhydberg)
complexation energy and proton affinity has been observed. We ~ " . . : . .
; orbitals, which are optimal in the sense of orthonormality and
have shown that in the borane and alane neutral complexes, - . .
. : ) maximum occupancy of the Lewis set. An important feature of
the donof-acceptor interaction was not based on a simple

HOMO—-LUMO mixture , but it was developed between three the NBO method is that _unllke oth_er c_harge pa_rtltlonmg
- 4a1s . : schemes, the presence of diffuse functions in the basis sets does
or four fragment orbital$318 In continuation of our work, we

not affect the resuf? On the other hand, we did not correct

« Corresponding authors for the basis set superposition errors (BSSE), which should be
t E-mail: jarid@ucam.ac.ma. relatively small with a large basis set such as 6-8G13df,-
*E-mail: boutalib@ucam.ac.ma. 2p). Moreover, a study by Mikhali et & using the G2¢)
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TABLE 1: Selected MP2(full)/6-31G(d) Bond Lengths (A) and Bond Angles (deg) of Anionic Complexes

compound AEX Al —H?2 X—H2 OH—-AI—X? OH—AlI—H? OH-X—-AI OH—X—H
AlH3 1.589 90.00 120.00
[NH]~ 1.043 98.39
[PH]~ 1.437 91.85
[AsH,]~ 1.554 90.69
[H3AINH 2]~ 1.895 1.666 1.020 114.41 107.67 113.44 105.56
1.651 107.89 111.38
[HsAIPH,]~ 2.427 1.640 1.424 111.50 110.65 99.16 93.67
1.638 106.20 111.50
[HsAIASH ]~ 2.503 1.636 1.542 111.53 111.08 97.33 91.28
1.637 105.85 111.23
[OH]~ 0.980
[SH]- 1.353
[SeH] 1.491
[HAIOH] ~ 1.807 1.645 0.968 107.68 110.08 109.15
1.661 110.89 107.24
[HsAISH]~ 2.317 1.633 1.345 104.46 111.87 96.96
1.634 109.53 109.44
[HsAISeH]~ 2.439 1.632 1.483 102.74 112.08 97.36
1.634 109.71 110.26
@ The second value corresponds to equivalent hydrogen atoms.
TABLE 2: Selected MP2(full)/6-31G(d) Bond Lengths (A) and Bond Angles (deg) of Neutral Complexes
compound ALY Al —H?2 Y—H2 OH—-AlI-Y? OH—AlI—H? OH-Y—AI OH-Y—H
AlH3 1.589 90.00 120.00
OH, 0.969 103.96
SH, 1.340 093.33
SeH 1481 091.20
H3AIOH, 2.051 1.607 0.974 98.89 116.86 113.40 106.70
1.599 97.72 120.42
H3AISH, 2.555 1.599 1.340 98.70 118.27 101.23 94.28
1.597 95.69 119.46
H:AISeH, 2.642 1.600 1.479 99.75 118.41 98.36 91.32
1.699 95.87 118.59
FH 0.934
CIH 1.280
BrH 1.436
HsAIFH 2.075 1.610 0.950 87.08 101.0
1.591 100.55
H3AICIH 2.699 1.596 1.283 90.03 97.158
1.590 96.44
HAIBrH 2.783 1.594 1.439 91.82 98.575
1.595 96.13

aThe second value corresponds to equivalent hydrogen atoms.

method, shows that the BSSE has a little effect on the calculated
complexation energies.

3. Results and Discussion \

3.1. GeometriesFirst, we have investigated the two possible
structures (staggered and eclipsed conformations, Figure 1) for /
[H3AIXH] ~ (X = NH, PH, AsH, O, S, and Se) and;AlYH

(Y = OH, SH, SeH, F, CI, and Br) complexes at the RHF/6-
31G(d) level of theory. From calculated frequencies on the
optimized geometries, the staggered optimized conformations
were characterized as minima (NIMAG [number of imaginary \
frequencies]= 0) except HAIOH,, HsAIFH, and HAICIH
complexes which seem as transition structures (NIMAQ). /

\Alm—xm/]g»—

The same results have been reported by Ball for thezAlIX « N

OH, complexes! All the minima structures, staggered ones
for [HsAIXH] ~ (X = NH, PH, AsH, O, S, and Se) andsH
AIYH (Y = SH, SeH, and Br) complexes and eclipsed ones
for H3AIOH,, HzAIFH and HAICIH complexes, were reinves-

tigated at the MP2(full)/6-31G(d) level. Table 1 listig —x,
Figure 1. Definition of the geometrical parameters ofsidXH] = (X

dai—n, anddx—y bond lengths and1H—AI-X, OH—AI—H,
= NH, PH, AsH, O, S, and Se) andsAlYH (Y = OH, SH, SeH, F,

OH—X—-AIl, and OH—X—H bond angles for the anionic . . .
’ . Cl,and B I St d and (b) ecl d fi t .
complexes and Table 2 lists the analogous neutral complexes +and Br) complexes in (a) Staggered and (b) eclipsed conformations

parameters. The G2 total energies of all complexes and their For the anionic adducts, BAIXH] ~ (X = NH, PH, AsH, O,
corresponding fragments are presented in Table 3. S, and Se), thela-x bond length has a covalent nature. The

X=0,S, and Se
Y =F, Cl, and Br

X=(, S, and Se’
Y =T, Cl, and Br

(a) Staggered conformation (b) Eclipsed conformation
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TABLE 3: G2 Total Energies (E, au) of Complexes and Corresponding Free Ligands

anionic compounds neutral compounds
complex ligand complex ligand
[H3AINH 2]~ —299.709 46 —55.817 40 HAIOH, —320.112 64 —76.332 05
[HAIPH,]~ —585.937 79 —342.094 94 HAISH, —642.701 66 —398.930 71
[H3AIASH ]~ —2479.343 31 —2235.508 95 HAISeH, —2644.939 66 —2401.170 18
[H3AIOH] - —319.607 41 —75.712 78 HAIFH —344.114 47 —100.350 01
[H3AISH]~ —642.212 31 —398.37159 HAICIH —704.102 24 —460.340 18
[HsAISeH] —2644.456 89 —2400.627 45 HAIBrH —2816.934 21 —2573.173 20

aThe G2 AlH; energy is—243.753 96 au.

: - . - TABLE 4: G2 Complexation Energies E in kcal/mol) of
corresponding values of BAINH ], [HaAIPHz] ™, [HaAIASH2] Anionic and Neutral Complexes and NB(C)O-WPZ(fuII)/

[H3AIOH] 7, [H3AISH]™, and [HAISeH]™ are 1.895, 2.427,  6.31G(d) Transferred Charge Qd(electron)
2.503, 1.807, 2.317, and 2.439 A, respectively, close to the sum

of the two covalent radii’s of the Al and X atoms (1.988, 2.348, anionic compounds neutral compounds
2.458, 1.988, 2.288, and 2.418 A, respectivély). Ecomg’ Qc Ecomg® Qc
For the neutral adducts,sAIYH (Y = OH, SH, SeH, F, ClI, [H3AINH 2]~ —86.66 0.32 HAIOH; -16.71 0.2
and Br), theda—y bond lengths are longer than the correspond- [HsAIPHz]~  —55.78 048  HAISH, ~ —10.66  0.19
ing anionic ones. These distances increase as the Y atom {E?:gﬂi@] :ggg? 8'32 ﬁ:?ﬁ"b :g'gg 8?(2)
electronegativity increases and vary from pseudo-covalent bonds [HoAISH] - 5445 044 HAICIH _516 011
to van der Waals ones. The optimized values at the MP2(full)/  [H,AISeH] —47.36 041 HAIBrH -436 014

6-31G(d) are 2.051 and 2.075 A forsMOH; and HAIFH,
respectively, to be compared with the MP2(full)/6-31Gdd)-ne
(2.538 A), corresponding to the hypothetica}ti—Ne van der  sgrios where the donor fragment is monohydrogenated, from
Waals complex (second row of periodic table). Ear-s and [H3AIOH] ~ to [HaAlSeH]~ complexes (Table 1) and fromsH
da-ci, the optimized values are 2.555 and 2.699 A, respectively, AIFH to H3AIBrH ones (Table 2). We will discuss this point in
and the corresponding van der Wadjg_, = 3.497 A. The the coordination mode analysis section.

optimizedda —se anddai—gr bond lengths are 2.642 and 2.783 3 5 complexation Energy.In Table 4, we present the G2

A, respectively, and the corresponding van der Welalsq = computed complexation energy of all systems investigated in
3120 A . o this work. This energy is taken as the difference between the
Upon complexation, the anionic adduct's bond lendthy complex energy and the sum of the Alldnd the free ligand
becomes slightly shorter than the isolated fragments (Table 1), gnes. Bal! has reported an ab initio (MP2/6-31G(d,p) level)
while thedy_y bond length corresponding to the neutral adducts study of XAIOH, (X = H, F, and ClI) complexes, he found
becomes slightly longer (Table 2). On the other handgfhe, that the complexation energy ot AlOH. complex is about-19
bond length becomes longer in all complexes. Concerning the keal/mol. Furthermore, Wilson et #.have calculated the
bond angles, thelH—AI—Y(X) (Figure 1, Y and X central atom  complexation energies of4AIXH (X = F and CI) complex at
of donor ligand) bond angle pass from*90 free acceptor Allj the MP4(SDTQ)/6-31G(d) level of theory. They found that the
to values ranging between 104.8nd 114.8 in the anionic HsAIFH and HAICIH complexation energies are10.45 and
complexes but in the neutral ones its values are contained_1 56 kcal/mol, respectively. More recently, Kulké&hhas
between 90 and 100. The acceptor fragment Alstructure reported that the complexation energies oAKDH, and H-
passes thus fronDs, symmetry to aCs symmetry upon  AJIFH are —16.89 and—6.58 kcal/mol, respectively, at the
compl'exation vyith the anionic donor ligands where theHI CCSDT//IMP2/6-3%+G(d,p) level. As we notice (Table 4), our
bond is more tilted. In the neutral adducts, the-M bond is  G2-computed complexation energies are close to those previ-
slightly tilted. IH—AI—X increases only by about 10 ously obtained at higher level of calculation. In each series, we
These geometrical considerations allow us to advance thatnotice that the complexation energy decreases along the
the donor-acceptor coordination mode differs on going from  corresponding periodic table column. The complexation energies
anionic complexes to neutral ones and the interaction of the are —86.66, —57.78, and—50.45 kcal/mol for [HAINH ],
acceptor is thus stronger with the anionic ligand donor while it [Hs;AIPH,] -, and [HsAlIASH,] ~ anionic complexes, respectively,
should be weaker with the neutral ones as we shall see in thewhile they are only—16.71,—10.66, and—9.74 kcal/mol for

2 Egomp = E(HaAI—L) — [E(AIH3) + E(L)].

complexation energy section. H3AIOH,, H3AISH,, and HAISeH, corresponding neutral ones,
Let us now examine the evolution of tHeH—X(Y)—Al respectively. For the two other series, the complexation energies

(Figure 1) angle along the series where the donor fragment isare —88.27,—54.45, and—47.36 for [HAIOH] —, [H3AISH] —,

bihydrogenated (BAIX(Y) (X =[NH2]~, [PHy], and [AsH)], and [HAISeH], respectively, and-6.59, —5.16, and—4.36

and Y= OH,, SH,, and SeH) complexes) and the other series kcal/mol for HsAIFH, H3AICIH, and HAIBrH, respectively.

where the donor fragment is monohydrogenategh{M(Y) (X Comparing this evolution in the mono- and dihydrogenated

= [OH]~, [SH]~, and [SeH], and Y = FH, CIH, and BrH) ligand series, we can conclude that the anionic donor is strongly
complexes). For the first series, this angle decreases on goingoound to the AlH Lewis acid, the complex can be classified
from [H3AINH ]~ to [H3AIAsH,]~ (Table 1) and from BAIOH,, as a covalent compound. Nevertheless, the neutral donor ligand
to HzAlSeH, (Table 2), respectively. Nakano and Hirdhbave is weakly bound to the acceptor and the corresponding
observed this sequence igBX(CHs), (X = O, S, and Se) compound would be classified between a semicovalent and a
compounds. As we will see below, this evolution can be van der Vaals compound type. These values can be explained
explained by examining the donor fragment orbitals energetic since [HAINHZ]~, [H3AIPH,]~, [H3AIAsH,]~, [H3AIOH] -,
placement in going from [NB~ (or OH,) ligand to [AsH]~ [H3AISH]~, and [HAISeH] are isoelectronic to the corre-
(or SehH) one. The same evolution is observed in the second sponding stable organic compoundsGMH,, H3CPH,, Hs-



[H3AIXH] ~ and HAIYH Donor—Acceptor Complexes J. Phys. Chem. A, Vol. 104, No. 40, 2008r23

CAsH,, H3COH, H;CSH, and HCSeH, respectively, and the a
HOMO orbital of the anionic ligands is energetically close to
the AlHz LUMO one. Furthermore, in the anionic complexes,
the central atom X of the donor is in its preferred coordination.

In Table 4, we have also reported the NBO-MP2(full)/6-31G-
(d) analysis results. The most salient point is the inverted
evolution of the transferred charge as compared to complexation
energy. We notice that for each series, the ligand donor
coordinates badly when descending in the corresponding column
of the periodic table from O (or F) to Se (or Br) while the b
transferred charge increases in the even feel. The same trend
has been observed for the anionic adduct series. One can
conclude, therefore, that there is no correlation between the
charge transfer and the G2 complexation energy for the two
series of complexes. This point has been evoked in our previous
workst3~18 and in other ones by Frenking et?dt30 and the
same conclusion has been formulated.

3.3. Coordination Mode Analysis.In order to analyze the
coordination mode in the alane complexes, we apply the QMOA
to examine the factors behind the stabilization upon complex-
ation and to show which fragment orbitals are implicated in
the construction of the bond between aluminum and the central
atom of the donor. We will also explain the relative stability of 7 nal
complexes investigated in this work. We will show why the (e
H3AIOH, (or HzAIFH) complex is more stable than thesH
AISH, (or HzAICIH) and HsAlSeH, (or HzAIBrH) ones although
all ligands have the same number of valence electrons and the
same hybridization for the base center.

As is well-known, the AlH vacant molecular orbital (LUMO)
7d which confers it the Lewis acid properties is constituted
solely of p atomic orbital of aluminum atom whose the
orientation is perpendicular to the molecular plan. Thanks to
this MO, AlH3 can receive from any donor fragment whose 0.37913 au andE7a(A|H3) _ E(nfl)a(YHZ) = 0.603 59,
frontier occupied orbital possesses the appropriate orientation. 5nq 14, and 0.496 52 au for ¥ O, S, and Se, respectively,
The interaction is as good as the donor and_the acceptor orbital MP2/6-313G(3df, 2p)/IMP2(full)/6-31G(d) level) that should
energy levels are energetically close. In this section we shall 5,6y the coordination (part a of Figure 3), but the complexation

e

7a' LUMO (AlH;) na' MO (YH,)

(n-a'

—

I e

Figure 2. & symmetry interacting molecular orbitals (a) favoring the
parallel coordination, (b) favoring the perpendicular coordination, and
(c) consequence of both parallel and perpendicular interactions.

omit in our reasoning the occupied’ 40 participation as we
have reported it in previous wotR18For the sake of simplicity,

energy decreases in the even feel (Table 3). To put light on
this paradox, it would be necessary to take into account of the

we shall describe all our systems (complexes and free fragmems)energetic levels evolution of the donor fragment molecular

in Cs symmetry.

orbital m& (m= 1, 2, and 4 for O, S, and Se, respectively)

In Figures 1, 2, and 3, we have depicted the interacting that would have a destabilizing interaction with the AlgRa’
molecular orbitals of the two fragments (donor and acceptor). fragment MO (part b of Figure 3). The destabilizing character
Figure 2 shows parallel and perpendicular preference interactionsis due to the fact that four electrons occupy the two interacting
and their coordinated consequent MO. Figures 2 and 3 show\Q’s (2MO-4€"). Indeed, the corresponding energetic gaps are
the stabilizing and destabilizing interactions of both mono- and Eza(AlH3) — Ema(YH2) = 0.280 20, 0.160 66, and 0.119 31
dihydrogenated donor adducts. au for Y= 0, S, and Se, respectively, at MP2/6-31G(3df, -

Concerning the neutral adducts, the xdtbnor fragment has  2p)//MP2(full)/6-31G(d) level. Thema’ MO becomes thus
two & MO, HOMO and HOMO-1 fd and f — 1)d with n = energetically close to the 26AIH 3) one on going from Obito
5, 8, and 14 for Okl SH,, and SeH, respectively), which can SeH fragment (part b of Figure 3). The destabilizing interaction
interact with the 7aLUMO acceptor. Nevertheless, each one would be stronger for SHand SeH adducts than the Ofbne.
of these two adonor fragment MO favors a different orientation  These two interaction types are irregularly mixed; this gives an
relative to the acceptor AlHplane. The HOMO favors the irregular decreasing evolution of the complexation energy.
parallel orientation (part a of Figure 2) while the HOMO-1 Concerning the BAIYH (Y = F, Cl, and Br) complexes, a
favors the perpendicular orientation (part b of Figure 2). The similar situation is observed: a stabilizing interaction is
YH disposition is thus a mixture of these two preferences. As developed between AH7d LUMO and a combination ohd
we have mentioned in section 3.1 (Geometries), the leadingand 6 — 1)d (n =5, 7, and 9 for Y= F, Cl, and Br atoms,
factor controlling the donor disposition after coordination should respectively) MO of the hydrogen halide. The first one corre-
be the rate of participation of each donor fragment M@ ( sponds to one free pair localized on the halide atom and the
and fi — 1)d) in the consequent orbital which would ensure second one is that participating to the-¥ bond (Y = halide)
the coordination with the fragment acceptor (part ¢ of Figure formation but localized on the halid atothThe energetic levels
2). This can rationalize the tilt angte’! of the YH, plane with of these MO increase in going from FH to BrHEf =
Al—Y axis. On the other hand, although th& and g — 1)d —0.649 53,-0.477 46, and-0.435 88 auFEn-1y4 = —0.763 11,
MO energies of the donor fragment become close to7the —0.625 82, and-0.589 14 au for F, Cl, and Br, respectively,
alane Eza(AlH3) — Ena(YH2) = 0.52901, 0.404 12, and at the MP2/6-311G(3df,2p)//IMP2(full)/6-31G(d) level). The
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Figure 3. Relative orbital energy level diagram for Alkand YH, la”
(Y =0, S, and Se) of (a) aymmetry MO and (b)'asymmetry MO. AlH, FH CiH BrH
7d AlH3 LUMO is located at-0.431 55 au. As we notice, the  Figure 4. Relative orbital energy level diagram for Aland YH
Al-Y ¢ bond formation is favored in going fromsAIFH to (Y =F, Cl, and Br) of (a) asymmetry MO and (b)'asymmetry MO.

H3AIBrH given that the interacting orbitals become energetically
close (part a of Figure 4). Taking into account these gaps, we 4. Conclusion
can advance that this interaction remains globally insufficient
for constructing a true bond based on an axial overlap between
donor and acceptor fragments molecular orbitals. To this
handicap is added the 2MO-4alestabilizingsr interaction
which is developed between the AlRd’ MO and the hydrogen

The stability of the HAI—L complex, where L is a mono-
or dihydrogenated and anionic or neutral donor ligand with a
central atom belonging to groups 15 ([NH, [PH]~, and
[AsH;] ), 16 (OH, SHy, Seh, [OH] -, [SH]~, and [SeHY),
. ! and 17 (FH, CIH, and BrH) of the periodic table, has been
halide ma” (m = l’. 2, and 4 for F, C.l’ and Br, respectively) investiga(ted at the G2 Ievel)of theorS. For the neutral adducts
one (pgrt b of F'Q“re ,4)' These interacting MO become the stability decreases irregularly while descending in the
energetically close in going from FH to BrH donor fragments, corresponding column. It is a consequence of two interactions

the corresponding gaps dtgs(AlH3) — Ena(YH) = 0.217 98, that takes
. s place between the two fragments (donor and acceptor).
0.045 91, and 0.004 33 au, respectively, anditlestabilizing The first one is stabilizing and is developed between a

interaction increases thus on descending in group 17. This hasSymmetry molecular orbitals whereas the second one has a

a consequence on the complexation energy which (i) decreasegjqgiapilizing character and is developed between molecular

on going from HAIFH to H3AIBr_H complexes, and (ii) is so orbitals having &symmetry. In the anionic complexes, the mode
much weak that we could classify these compounds as van Olerof coordination is controlled mainly by the well-known HOMO
Waals complexes.

R L ) LUMO interaction. From NBO analysis, it was found that there
In the anionic complexes, the coordination mode is based on

a typical HOMO (donor-LUMO (acceptor) interaction. These Icsor?lgleioa[triilr? t;r:arg;tween the charge transfer and the G2
latter arend (n= 4, 7, and 14 for [NH]~ ( or [OH]7), [PH]~

(or [SH]"), and [AsH]~ (or [SeH]) of the donor fragment and
7d of the acceptor one. Thaa MO (or [SeH], respectively)
is energetically higher than that corresponding to neutral adducts. (1) Mikhailov, Yu I.; Mitrafanova, R. P.; Bernval, S. A.; Boldyrev,
As is well-known, this leads to an excessively stabilizing V- V. Zh. Nauch. Priki. Fogogr. Kinematogi.99q 35, 172.
interaction. However, by throwing a quick look on the relative o g%)sgymkler, A.; Resch, Ch.; Rendulic, K. [ Chem. Phys1991
energetic disposition of acceptor Zed donona MO, we will (3) Jones, C.: Koutsantonis, G. A.; Raston, C.Ralyhedron1993
understand why the corresponding complexation energies are12, 1829.

globally so high (Table 4) in reference to the neutral compounds " (4) Raston, C. LJ. Organomet. Chenil994 8, 15 and references
ones. The corresponding g&pumo(AIH3) — Eromo([XH2] ™) erein. _ _

is about 0.06 au, and for the other series of anionic complexes,Verrﬁ?loa?lk 'E éf;%‘i’rr]g'm") bsj;.;i-lsﬂlrg?rg. %himMKAQg;Tgéapé,A';
ELUMo(A|H3) - EHOMo([XH] 7) is about 0.11 au at the MP2/ 2839.

6-311+G(3df,2p)//MP2(full)/6-31G(d) level. (6) Edwards, A. H.; Jones, K. Al. Chem. Phys1991, 94, 2894,
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