Isomerism in secondary bonded complexes: do structural rules apply?

The growing importance of secondary bonded complexes in modern coordination chemistry has given rise to an abundant literature in both experimental and theoretical coordination chemistry. We recently proposed an unified chemical model of secondary interaction enabling to understand the structures in terms of simple chemical rules and concepts. For some complexes the stoichiometry of the electrophilic moiety makes isomerism possible. The problems of isomerism and of the interconversion of isomers are addressed in the present. It is shown, that the reaction mechanisms discussed for pentacoordinated phosphorus derivatives are not suitable for complexes bound by a secondary interaction. The possibility of Berry's pseudo rotations is rejected for this class of systems.
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Bernard Silvi

Secondary interactions and isomerism

The concept of secondary bond appeared in an article published by Alcock in 1972 [START_REF] Alcock | Secondary bonding to nonmetallic elements[END_REF] , it refers to a class of interactions between non-metal atoms previously called "donor-acceptor" by Bent [START_REF] Bent | Structural chemistry of donor-acceptor interactions[END_REF] . Secondary interactions are found in intermolecular complexes which have common structural features and whose complexation energies are usually less than 20 kcal mole -1 . Although complexes involving secondary bonding are known for a century a significant effort has been during the last twenty years to finalize a classification [START_REF] Alkorta | Not only hydrogen bonds: Other noncovalent interactions[END_REF] . Among secondary interaction we can mention the zoo of hydrogen bonds 4 such as the classical and improper hydrogen bond [START_REF] Hobza | Blue-shifting hydrogen bonds[END_REF][START_REF] Van Der Veken | The nature of improper, blue-shifting hydrogen bonding verified experimentally[END_REF][START_REF] Delanoye | Improper or classical hydrogen bonding? a comparative cryosolutions infrared study of the complexes of HCClF 2 , HCCl 2 F, and HCCl 3 with dimethyl ether[END_REF][START_REF] Alabugin | Electronic basis of improper hydrogen bonding: A subtle balance of hyperconjugation and rehybridization[END_REF] ,double H-bonding [START_REF] Chen | The role of double hydrogen bonds in asymmetric direct aldol reactions catalyzed by amino amide derivatives[END_REF] , and as well as non-covalent interactions known as triel [START_REF] Slawomir | Boron and other triel lewis acid centers: From hypovalency to hypervalency[END_REF] , tetrel [START_REF] Slawomir | Tetrel bond-σ-hole bond as a preliminary stage of the s n 2 reaction[END_REF] , pnictogen [START_REF] Zahn | Pnicogen bonds: A new molecular linker?[END_REF][START_REF] Scheiner | A new noncovalent force: Comparison of p• • • n interaction with hydrogen and halogen bonds[END_REF] , chalcogen [START_REF] Wang | Chalcogen bond: A sister noncovalent bond to halogen bond[END_REF] , halogen [START_REF] Metrangolo | Halogen bonding based recognition processes: A world parallel to hydrogen bonding[END_REF] , and aerogen [START_REF] Bauzá | Aerogen bonding interactions: A new supramolecular force?[END_REF][START_REF] Bauzá | σ -π-hole noble gas bonding interactions: Insights from theory and experiment[END_REF] bonds. Recent publications have even distinguished the case of fluorine from the other halogens to form "F-Halogen Bond". [START_REF] Mahmudi-Koohi | Can fluorine form halogen bond? investigation of halogen bonds through steric charge[END_REF][START_REF] Varadwaj | Is the fluorine in molecules dispersive? is molecular electrostatic potential a valid property to explore fluorine-centered non-covalent interactions?[END_REF][START_REF] Scheiner | F-halogen bond: Conditions for its existence[END_REF] .

The stabilities and geometries of the complexes involving secondary interactions are currently explained by the theory of intermolecular forces [START_REF] Margenau | Van der waals forces[END_REF][START_REF] Hirschfelder | New type of molecular perturbation treatment[END_REF][START_REF] Hirschfelder | Perturbation theory for exchange forces[END_REF][START_REF] Hirschfelder | Perturbation theory for exchange forces[END_REF][START_REF] Van Der Avoird | Perturbation theory for intermolecular interactions in the wave-operator formalism[END_REF][START_REF] Murrell | Intermolecular forces in region of small orbital overlap[END_REF][START_REF] Musher | Theory of weak atomic and molecular interactions[END_REF][START_REF] Epstein | The application of perturbation theories for exchange forces to a simple model[END_REF][START_REF] Claverie | Theory of intermolecular forces. i. on the inadequacy of the usual rayleigh-schrödinger perturbation method for the treatment of intermolecular forces[END_REF][START_REF] Claverie | Elaboration of approximate formulas for the interactions between large molecules : Applications in organic chemistry[END_REF] because the interactions are considered to be weak. This perturbation based approach emphasizes the driving role of electrostatic interactions [START_REF] Buckingham | Theoretical studies of van der waals molecules and intermolecular forces[END_REF][START_REF] Stone | The Theory of Intermolecular Forces[END_REF] , the anisotropy of which determines the angular geometry of the complex. The molecular electrostatic potential (MESP) of each moiety is often considered instead of the electrostatic energy itself. The concept of σ-hole has been introduced by Clark et al [START_REF] Clark | Halogen bonding: the σ-hole[END_REF] in order to provide a quantum chemical interpretation of the MESP maximum found on the halogen atom of the electron-acceptor (electrophilic) part of halogen bonded complexes. It was generalized further to other types of secondary interactions and, in a same fashion, π-holes have been introduced and invoked in the case of pnictogen [START_REF] Del Bene | Properties of complexes H 2 C = (X)P : PXH 2 , for X = F[END_REF] and triel [START_REF] Slawomir | Triel bonds, π-hole-π-electrons interactions in complexes of boron and aluminium trihalides and trihydrides with acetylene and ethylene[END_REF] bonds. We recently proposed a chemical model in which a secondary bonded complex is described as the precursor complex formed by the nucleophilic and electrophilic reactants of a hypothetical substitution or addition reaction [START_REF] Silvi | Towards an unified chemical model of secondary bonding[END_REF] . It relies for an important part on a complementary application of the Rice and Teller's least motion principle [START_REF] Rice | The role of free radicals in elementary organic reactions[END_REF] and of the VSEPR rules [START_REF] Gillespie | Chemical Bonding and Molecular Geometry[END_REF] ,an approach already successful for the understanding of hydrogen bonding [START_REF] Fuster | Determination of protonation sites in bases from topological rules[END_REF] and of reaction mechanism in organic chemistry [START_REF] Andres | Curly arrows meet electron density transfers in chemical reaction mechanisms: from electron localization function (ELF) analysis to valence-shell electron-pair repulsion (VSEPR) inspired interpretation[END_REF] . Moreover, we proposed the use of the f + (r) Fukui function as an alternative to the molecular electrostatic potential as an indicator of the reactive regions around the electrophilic centre.

In the conclusion of the article cited above, we mentioned that the study of isomerism in secondary bonded complexes was an interesting topic worthy to develop. On the one hand, a given electrophilic molecule may contain several atomic centres likely to be involved in secondary interactions. For example, a molecule such as PClH 2 O may in principle form a pnictogen bond on the phosphorus centre or an halogen bond on the fluorine atom. Another possibility is the configuration isomerism around the electrophile centre which may occur for AX 3 and AX 4 type electrophile moieties provided the ligands of A are different enough. In the general case of Nuc•••AL 1 L 2 L 3 there are two isomers forming a pair of enantiomers if the ligands L i are all different. The Nuc•••AL 1 L 2 L 3 L 4 are expected to have trigonal bipyramidal shape with Nuc and the most electronegative ligand in axial position. If all ligands are different, there is a total of 20 isomers (10 pairs of enantiomers) [START_REF] Earl | Topological representation of stereoisomerism. i. polytopal rearrangements[END_REF] . Krasowka et al have reviewed the stereochemistry of the structurally equivalent pentacoordinated phosphoranes 42 . Table 1 is an application of their table 1. to the present complexes, it provides the general structure number of chiral and achiral structures [START_REF] Earl | Topological representation of stereoisomerism. i. polytopal rearrangements[END_REF] which are represented in the scheme below in which the central structure corresponds to that of the transition state according to Couzijn et al [START_REF] Erik | Stereomutation of pentavalent compounds: Validating the berry pseudorotation, redressing ugi's turnstile rotation, and revealing the twoand three-arm turnstiles[END_REF] .

A(L 4 )•••Nuc 2 achiral A(L 1 3 L 2 )•••Nuc 2 achiral 2 pairs of enantiomers A(L 1 2 L 2 2 )•••Nuc 2 achiral 3 pairs of enantiomers A(L 1 2 L 2 L 3 )•••Nuc 1 achiral 6 pairs of enantiomers A(L 1 L 2 L 3 L 4 )•••Nuc 10 pairs of enantiomers
The fist one, denoted by M1 corresponds to the Berry's pseudorotation [START_REF] Berry | Correlation of rates of intramolecular tunneling processes, with application to some group v compounds[END_REF] puts two axial ligands in equatorial position and two equatorial ligands in axial position. M2 is threefold cyclic permutation of one axial and two equatorial ligands, M3 known as half-twist axial-equatorial interchange which transforms an axial to equatorial ligand. M2 and M3 can be decomposed in two and three Berry type motions [START_REF] Erik | Stereomutation of pentavalent compounds: Validating the berry pseudorotation, redressing ugi's turnstile rotation, and revealing the twoand three-arm turnstiles[END_REF] . The geometries of transition states are square pyramid for M1 and M3, trigonal bipyramid for M2 and planar (pentahedral) for M4 and M5. The transition states energy barriers reported by Couzijn et al [START_REF] Erik | Stereomutation of pentavalent compounds: Validating the berry pseudorotation, redressing ugi's turnstile rotation, and revealing the twoand three-arm turnstiles[END_REF] range from a few kcal. mol -1 for the Berry's pseudorotation to about 30 kcal. mol -1 , i.e. less than the dissociation energy of the central atom-ligand bonds. The planar transition states of the M4 and M5 mechanisms implying much more higher barriers, these mechanisms have not been considered.

The isomerism in pentacoordinated complexes involving a secondary bond gives rise to several problems we aim to address in this publication:

1. In the case of an electrophilic reagent possessing several possible electrophilic atomic centres which one is involved in the stablest secondary interaction? in other words is there an energetic hierarchy of secondary interactions 2. Is it possible to have Berry's pseudo rotation in pentacoordinated complexes involving a secondary interaction?

For each question we attempt to formulate simple chemical rules induced from general chemical and quantum chemical experience and literature. These rules are then invalitated or corroborated by numerical experiments carried out on adapted model systems. By numerical experiments it is meant calculations of the properties of real or hypothetical complexes carried out at a realistic level of theory. In almost all systems investigated here ammonia has been chosen as the nucleophile because it yields the largest interaction energy.

Numerical experiment protocol

The numerical experiments are carried out on complexes of NH 3 with model electrophilic molecules. The choice of ammonia as nucleophilic reagent stems from the large complexation energies calculated with this molecule. The building strategy of the electrophile moiety is driven by the specific secondary interactions one can expect or not from simple chemical and structural rules. The only restriction is that the molecule should be stable in its electrophilic model structure. The notation adopted in this article follows the following rules: 1) the secondary interaction is represented by a dot bond line, i. e. •••, 2) the axial ligand bond with X or Y by a bond line, 3) the equatorial ligands are between parentheses. For example NH 3 •••P(OH 2 )-F denotes the complex of in which the fluorine atom is in axial position and opposed to NH with respect to the phosphorus centre. The calculations have been performed with the B3LYP [START_REF] Becke | Density-functional thermochemistry. iii. the role of exact exchange[END_REF][START_REF] Becke | A new mixing of hartree-fock and local density-functional theories[END_REF][START_REF] Maclean | Contracted gaussian basis sets for molecular calculations. i. second row atoms, z=11-18[END_REF][START_REF] Krishnan | Self-consistent molecular orbital methods. xx. a basis set for correlated wave functions[END_REF][START_REF] Clark | Efficient diffuse function-augmented basis sets for anion calculations. iii. † the 3-21+g basis set for first-row elements, li-f[END_REF][START_REF] Frisch | Self-consistent molecularorbital methods. xxv: Supplementary functions for gaussian basis sets[END_REF] hybrid functional with the cc-pVTZ [START_REF] Thom | Gaussian basis sets for use in correlated molecular calculations. i. the atoms boron through neon and hydrogen[END_REF][START_REF] Kendall | Electron affinities of the first -row atoms revisited. systematic basis sets and wavefunctions[END_REF][START_REF] Woon | Gaussian-basis sets for use in correlated molecular calculations. 3. the atoms aluminum through argon[END_REF] implemented in the Gaussian09 54 program.

Competitive electrophilic centres

The general theory of intermolecular forces apply for interactions in the range of those encountered with secondary interactions.

In the case of hydrogen bonding it has been shown that electrostatic contribution to the complexation energy determines the respective orientation of the moieties [START_REF] Buckingham | Theoretical studies of van der waals molecules and intermolecular forces[END_REF][START_REF] Stone | The Theory of Intermolecular Forces[END_REF] .

The determination of the molecular electrostatic potential of the electrophilic part enable therefore a reliable prediction of the preferred sites of complexation. The first order electrostatic interaction is the dominant factor responsible for the stabilities of the isomers, the second order contributions, the induction and dispersion energies being both attractive bring an extra stabilization energy to the stablest isomer which corresponds to the shortest intermolecular distance. The poor evaluation or neglect of dispersion forces in numerical experiment is not expected to alter the relative stability of isomers. However, the induction contributions which account for the deformations of the electron densities upon polarization, may be very important for systems having a negligible dipole moment and a large dipole polarizability. The electron density of the electrophile is governed by the electronegativity of its constituting atoms, the polar character being due to the electron transfers necessary to ensure the electronegativity equalization of the atomic sub parts of the molecule. Therefore electron depletion is expected in the valence shell of the most electropositive atoms suggesting that the stability order follows the group number tetrel>pnictogen>chalcogen>halogen which does not mean that an halogen bond is necessarily weaker than a chalcogen or a pnictogen bond but that in a molecule in which two possible sites are located on bonded atoms belonging to different groups the stablest isomer is that formed on the most electropositive of the two atoms.

Halogen-halogen test systems

Looking for Karl Popper's white ravens [START_REF] Popper | The Logic of Scientific Discovery[END_REF] we will first examine the case of systems in which two halogen atoms are in competition. If our statement is true the energy of the isomerization reaction:

H 3 N•••YXO n --→ YXO n •••NH 3
should be positive for χ(Y) < χ(X) and negative for χ(Y) > χ(X). For n=0, the isomerization energy appears to be nicely correlated with the electronegativity difference (r 2 = 0.992). For n = 0 the electronegativity model works for most systems except on the one hand those with Y=X and on the other hand BrClO 2 and ClBrO 3 . The deviation of the Y=X, n = 0 complexes from the n=0 behaviour is not surprising being the consequence of the different coordination of the two halogen centres.

Indeed, instead of the electronegativity of the element itself, an effective electronegativity value accounting for the coordination of the atom in the molecule and for the electron withdrawing effects of the ligands should be considered.

When the electronegativities of two elements are close, such as those of chlorine and bromine, this effect should be large enough to change the sign of the difference explaining the discrepancies observed for BrClO 2 and ClBrO 3 .

The enhancement of the effective electonegativity of bromine in -BrO 3 with respect to -Br and -Cl is corroborated by the YOXO 3 model systems for which the calculated complexation energies are reported in table 2

: NH 3 •••ClOBrO 3 is found stabler than ClOBrO 3 •••NH 3 by 7.0 kcal.mole -1 and NH 3 •••BrOBrO 3 stabler than BrOBrO 3 •••NH 3 by 12.8 kcal.mole -1 . YOXO 3 YOXO 3 •••NH 3 NH 3 •••YOXO 3 ∆E e ∆E 0 R NX ∆E e ∆E 0 R NY FOClO 3 -3•5 -2•6 3•14 -1•3 -0•7 2•66 ClOClO 3 -2•9 -2•0 3•19 -11•8 -9•6 2•28 BrOClO 3 -2•5 -1•7 3•22 -17•0 -14•5 2•32 FOBrO 3 -7•6 -5•7 2•61 -1•7 -1•1 2•58 ClOBrO 3 -6•1 -4•4 2•71 -13•1 -10•8 2•25 BrOBrO 3 -5•5 -3•9 2•76 -18•3 -15•7 2•30
Table 2: Binding energy ∆E e (kcal.mol -1 ), ZPE-corrected binding energy ∆E 0 (kcal.mol -1 ) and internuclear distances R NX , R NY (Å).

Halogen-Chalcogen systems and the hydrogen bonding possibility

A next step of validation of our hypothesis is the study of model systems for which NH 3 can form a secondary interaction with a chalcogen atom, say Y, or with a halogen centre X. We have considered compounds with Y=S and X=Br in order to have a small electronegativity difference and thus to expect a small energy difference between the isomers. The complexation energies of the BrSHO n complex isomers are reported in table 3.

BrSHO n BrSHO n •••NH 3 NH 3 •••BrSHO n NH 3 •••HSBrO n ∆E e ∆E 0 R NX ∆E e ∆E 0 R NY ∆E e ∆E 0 R NY BrSH -5•9 -4•4 2•70 -4•4 -3•3 2•84 -6•1 -4•5 2•02 BrSHO -6•3 -4•9 2•84 -2•5 -1•7 3•03 -7•5 -6•0 2•03 BrSHO 2 -28•2 -27•4 2•86 -4•1 -3•2 3•16 -11•5 -10•7 1•69
Table 3: Binding energy ∆E e (kcal.mol -1 ), ZPE-corrected binding energy ∆E 0 (kcal.mol -1 ) and internuclear distances R NX , R NY (Å).

The respective stabilities of the complexes are consistent with the electonegativities of NH 3 secondary interaction targets except for BrSHO 2 . The sulfonyl bromide, BrSHO 2 , molecule has a lower energy functional isomer, the sulfurobromidous acid, in which the hydrogen is bonded to one of the oxygen atoms. We have observed the transposition of the hydrogen atom in the geometry optimization process of the BrSHO 2 •••NH 3 : after few steps the hydrogen distance decreases leading to the O-H bond formation. We failed to find a complex involving a secondary interaction directed towards the sulfur centre for the sulfonyl bromide form.

Position isomerism in AXYH 2 •••NH complexes

The analysis is now extended to the AX 4 •••NH 3 type complexe where the central atom A is either a group IV or group V element, X an halogen and Y another halogen less electronegative than X or oxygen. The two most stable isomers of both tetrel-and pnictogen-ammonia complexes are illustrated in figure 2. Some relevant data on these complexes are presented in Table 4. It is interesting to note that the secondary interactions between NH 3 and phosphorus atom (in the opposite direction to the halogen atom) are slightly more stabilizing (B-isomer) than those between NH 3 and P opposite to O.

As shown by the distances reported in Table 4, the interaction between NH 3 and PXH 2 O cannot simply be reduced to a pnictogen P-N interaction. Hydrogen-type interaction between the H atom of NH 3 and the halogen centre of PXH 2 O on the one hand, and between the N atom of NH 3 and both H s of PXH 2 O on the other hand, also contribute to the stabilization of these complexes. The latter trends also apply to SiXYH 2 •••NH 3 complexes.

Energy decomposition from wavefunction-based Symmetry Adapted Perturbation Theory (SAPT) was carried out on the optimized geometry at SAPT2+3 level [START_REF] Turney | Psi4: an open-source ab initio electronic structure program[END_REF][START_REF] Parker | Levels of symmetry adapted perturbation theory (sapt). i. efficiency and performance for interaction energies[END_REF] in conjunction with Aug-cc-pVDZ basis set using the Psi4 program. [START_REF] Turney | Psi4: an open-source ab initio electronic structure program[END_REF][START_REF] Parrish | Psi4 1.1: An open-source electronic structure program emphasizing automation, advanced libraries, and interoperability[END_REF] . Results gathered in able 5 clearly show that electrostatics contribution is actually cancelled by the exchange repulsion for four studied complexes. The stability of these complexes is essentially due to the polarization contribution, i.e. 

Isomer A Isomer B ∆E e ∆E 0 r 1 r 2 r 3 ∆E e ∆E 0 r 1 r 2 r 3 PFH 2 O•••NH 3 -7.0 -5.

The PFH 2 O•••NH 3 complex isomers

According to table 1, at most 1 achiral form and 6 pairs of enantiomers can be found for the phosphoryl fluoride, PFH 2 O, ammonia complex in which the phosphorus centre is penta-coordinated. Howecer, for systems in which the ligands are independent, the isomers are distributed in four achiral forms corresponding with the two hydrogen atoms in equivalent positions and three pairs of enantiomers corresponding to hydrogen atoms in different positions. Only two achiral isomers and a pair of enantiomers have been found to be stable in our calculation, they all correspond to NH 3 in axial position. In fact two types of approach can be considered: on the one hand towards the midpoint of each edge of the tetrahedron formed by the ligands and on the other hand towards the centre of the faces. The former approaches which yield in principle to equatorial NH 3 isomers do not converge to a local minimum whereas the two chiral isomers are obtained when NH 3 is in front ofthe OHH and FHH faces and the enantiomers when it is in front of the OFH and FOH faces.

The interconversion between the different structures of the phosphoryl fluoride gives rise to four isomerisation reactions for which the transition states have been localized. Figure 3 display ball and stick representation of the ground state isomers and of the transition states for the four reactions.

These reaction have almost the same reaction mechanism: the rotation of the PFH 2 O moiety around its axes perpendicular to the plane formed by the phosphorus atom and the ligands opposed to the ammonia (say L1 and L2) in the reactant the product complexes, respectively. This can be alternatively seen as a bypass of ammonia over the edge formed by L3 and L4, the remaining ligands. Accordingly the reaction is described by the motion of the only nucleophilic moiety with the angle between the L1-P and P-N directions assimilated to the reaction coordinate, ∠L1PL2 remaining almost constant. This mechanism has nothing to do with those given in the introduction which imply at least the motion of two ligands. It appears, therefore, specific of non-covalent interaction complexes. In all cases investigated here the activation energy is rather small (less than c. a; 2.5 kcal mole -1 ). In the intermolecular forces approach, the repulsive forces between the interacting molecules can be described in terms of more or less sophisticated atom-atom potentials. Considering the repulsive contribution as driving the reaction coordinate, the transition state is expected to correspond to a position of the nitrogen atom in the plane defined by P, L3 and L4 and close to the bisector of ∠L3PL4.

An empty conclusion

The deficiencies of the present work are an illustration of the difficulties of the implementation of a numerical experiment strategy inspired by Karl Popper's falsification ideas. Although we have addressed the two questions we failed to design a crucial experiment. Let us consider the two questions successively.

1. The results on the competitive electrophilic centres (section 2.) corroborate the assumption of a hierarchy of secondary interaction. However, it has not been possible to propose a simple chemical rule based on the electronegativity of the element of the electrophilic centre because this latter may be coordinated and therefore an "effective electronegativity" should be considered.

2. Berry's pseudo rotation as well as the interconversion mechanisms proposed by Muetterties do not apply to the complex we have considered.

Although the choice of the PFH 2 O•••NH 3 complex has been driven by the concern of favouring the Berry's pseudo rotation, as well as we have some arguments against, the only thing which can be said is that pseudo rotation is not the rule in pentacoordinated complexes involving a secondary interaction.

Understanding non covalent interaction is a challenging problem for the computational chemistry community. Our approach of this problem intend to favour "chemical explanations" over "quantum chemical" ones and to corroborate the expectations with numerical experiments. The quality of our results ranges from "not very convincing" to "not so bad", this is not encouraging and question our ability to achieve such a program. However, the demarcation problem flavour of the strategy is so exciting...

Supplementary material

A cartoon of the reaction on top of figure 3 is provided in supplementary material together with the geometries of the isomers and transitions states.
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  Figure 1 displays the isomerization energy as a function of the electronegativity difference.

Figure 1 :

 1 Figure 1: Isomerization energy ∆E 0 (in kcal.mol -1 ) vs. electronegativity (Pauling's scale) difference χ(Y) -χ(X). • n=0, n=1, n=2, n3.

Figure 2 :

 2 Figure 2: Structural parameters of the two most stable isomers of the SiXYH 2 •••NH 3 and PXH 2 O•••NH 3 complexes, where X= F, Cl, Br, and Y = Cl, Br.

Figure 3 :

 3 Figure 3: Interconversion of the PFH 2 O•••NH 3 isomers. The arrows materialize the imaginary frequency mode of the transition state. Second lines: complexation binding energies in Kcal.mol -1

Table 1 :

 1 Chiral and achiral structures of A(L 1 L 2 L 3 L 4 )•••Nuc complexes number of chiral and achiral structures enabled by the nature of the ligands of atom A. Muetterties has proposed five possible permutation mechanisms enabling ligand interchange in trigonal bipyramidal systems

Table 4 :

 4 Some relevant properties of the two most stable isomers for two complexes SiXYH2 •••NH 3 and PXH 2 O•••NH 3, where X and Y = F, Cl, Br (see Fig.2). Energies are given in kcal.mol -1 and distances in Å.

				7 3.29 2.86 2.91 -8.9	-7.1 2.92 2.83 2.54
	PClH 2 O•••NH 3	-4.6	-3.5 3.35 2.82 3.35 -6.3	-4.7 2.93 2.84 2.53
	PBrH 2 O•••NH 3	-4.7	-3.6 3.34 2.80 3.44 -6.5	-4.9 2.93 2.84 2.54
	SiFClH 2 •••NH 3	-5.0	-3.2 2.75 2.72		-5.7	-3.9 2.65 2.71
	SiFBrH 2 •••NH 3	-5.0	-3.2 2.75 2.71		-5.8	-4.0 2.62 2.70
	SiClBrH 2 •••NH 3 -4.4	-2.9 2.93 2.81		-4.5	-4.0 2.90 2.81
	the sum of induction and exchange contributions.
	Contribution			PClH 2 O•••NH 3	SiFClH 2 •••NH 3
				Isomer A Isomer B Isomer A Isomer B
	E elst			-7.2	-13.0	-21.3	-24.3
	E exch			7.3	14.1	26.6	32.6
	E Coulombic = E elst + E exch	0.1	1.1	5.3	8.3
	E ind			-1.7	-3.7	-7.8	-9.7
	E disp			-3.8	-5.4	-7.1	-8.6
	E P olarization = E ind + E disp	-5.5	-9.1	-14.9	-18.3

Table 5 :

 5 SAPT energetic contributions (kcal.mol -1 ) for the isomers of the two SiFClH 2 •••NH 3 and PClH 2 O•••NH 3 complexes.