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SEZIONE 11
(Fisica, chimica, geologia, paleontologia ¢ mineralogia)

Chimica. — Structural variability: a Donor-Acceptor approach.
Nota di Vikror GUTMANN @, presentata ® dal Socio G. SARTORI.

RIASSUNTO. — Variazioni strutturali dovute ad interazioni intermolecolari possono
venir descritte dalle cosidette regole di variazione della lunghezza di legame. Parametri
empirici del solvente cioé il numero di donatore e di accettore servono per caratterizzare
le interazioni soluto-solvente. Sono state trovate numerose relazioni tra i parametri empirici
del solvente da una parte, e dall’altra i parametri termodinamici strutturali e cinetici.

1. GENERAL CONSIDERATIONS

The Donor-Acceptor Concept was originally suggested by G.N. Lewis
as a solvent-independent acid-base concept [i, 2]. Its electronic description
is widely applied in the fields of organic and coordination chemistry. However,
the structural consequences have not been recognized fully, since the changes
in the relative positions of the nuclei as connected with changes in electron
densities have not been given proper attention.

As a result of systematic investigations in non-aqueous solutions an exten-
sion of the donor-acceptor concept has been developed, which is applicable
to molecular interactions ranging from solid state physics to biochemistry [3].
The extension is based on well-known facts and in agreement with quantum-
chemical results. It stresses the molecular structural changes due to changes
in molecular environment rather than the structure of a molecule as such
(under ideal gas-like conditions) and establishes relations between structural
changes on the one side and changes in thermodynamic and kinetic parameters
on the other.

Any molecular interaction leads to a rearrangement of the charge density
pattern. Onle of the interacting molecules may be considered as a donor of
electrons and the other one as an acceptor of electrons. In the course of a
typical donor-acceptor interaction

C— D > A—B

donor acceplor

the charge density rearrangement is considered as due to contributions of
charge transfer from the donor to the acceptor unit and of polarization effects,
which cannot be separated unambiguously [3, 4].

The extent of charge transfer from an ammonia molecule to a fluorine
molecule has been calculated as 0.0483 electron [5]. The F)-acceptor atom

(*) Institute of Inorganic Chemistry, The Technical University of Vienna-Austria.
(**) Nella seduta del 9 febbraio 1980.
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acquires a small increase in positive net-charge, as all of the electron charge
transferred to the acceptor unit is passed on to other areas of the acceptor unit
including part of the electron density originally situated at the F,-acceptor
atom, i.e. in this case to the F,-atom. This has been described as the spi/lover
effect of negative charge from the acceptor atom [3, 4]

The original loss of negative charge at the N-donor atom of the ammonia
molecule is overcompensated by the induced attraction of negative charge
from the hydrogen atoms. The increase in negative net-charge at the donor
atom has been termed péle-up effect (3, 4]. By both of the said effects the pola-
rities of the bonds adjacent to the sites of the intermolecular interaction are
lengthened, i.e. all of the N-H-bonds and F-F-bond in the considered interac-
tion [4].
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Thus the increase in positive charge, usually assigned to the donor
atom, e.g.

| l
| |

in therefore not in agreement with the facts.
The first bond length variation rule of the extended donor-acceptor approach

expresses the observed inverse relationship between intermolecular and intra-
molecular bond lengths adjacent to the sites of interaction [3, 4].

C D. > A
intermolecular
e interaction N
induced induced
lengthening lengthemr_\g

The increase in bond length is represented by a fully bent arrow connecting
the bonded nuclei and pointing in the direction of the electron shift induced
by the intermolecular interaction. Examples have been-given elsewhere [3, 6].
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Subsequent changes in bond lengths are induced throughout the mole-
cules and expressed by the second bond length variation rule of the extended
donor-acceptor concept: A bond is lengthened when negative charge is shifted
from the more electropositive to the more electronegative atom and it is shor-
tened when it is shifted from the more electronegative to the more electro-
positive atom. A decrease in bond length is denoted by a dashed arrow poin-
ting in the direction of the electron shift.

Such cooperative effects are not confined to adduct formation and indeed,
they result from any molecular rearrangement because a new structure pattern
is developed for the whole system under consideration.

The structural variability of a given molecule in different molecular
environments, for example in different solvents, is reflected in its chemical
variability: Bond lengthening leads to decrease in energy required for hete-
rolysis. Increase in negative net charge means increase in donor property
(nucleophilic and/or reducing property), whereas increase in positive fractional
charge means increase in acceptor property (electrophilic and/or oxidizing
property).
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2. EMPIRICAL SOLVENT PARAMETERS

According to the extended donor-acceptor approach two parameters are
required for the characterization of a donor-acceptor interaction, namely
one for the donor property and one for the acceptor property. The empirical

parameters which have been found extremely useful are the donor number
and the acceptor number.
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TABLE I.

Donor and Acceptor Numbers for Selected Solvents.

SOLVENT DN | AN ! SOLVENT DN | AN
Acetic Acid . . . . . . .. — | 52.9 || Dimethylsulfoxide . . . . . 29.8 | 19.3
Acetone . . . . . . . . .. 17.0 | 12.5 || Dioxane . . . . . . . .. 14.8 | 10.8
Acetonitrile. . . . . . . . . 14.1 | 19.3 || Ethanol . . . . . . .. .. 19.0 | 37.1

Acetylchloride . . . . &. .| o.7| — Ethylene Sulfite . . . . . . 15.3 | —
Benzene . . . . . . . .. — 8.2 || Hexamethylphosphoricamide . | 38.8 | 10.6
Benzonitrile . . . . . . . . 11.9 | 15.5 || Methanol. . . . . . . .. .| 20.0|41.3
| Benzoylchloride . . . . . . 2.3 — Nitrobenzene . . . . . . . . 4.4 | 14.8
Carbontetrachloride . . . . — 8.6 || Nitromethane . . . . . . . 2.7 | 20.5
Chloroform . . . . . . .. — | 23.1 || Propanol . . . . . . . .. 18.0 | 33.5
Diethylether . . . . . . . . 19.2 | 3.9 || Propylencarbonate . . . . . 15.1 | 18.3
Dichloroethylenecarbonate . 3.2 16,7 || Pyridin . . . . ... .. 33.1 | 14.2
Diglyme . . . . . . . . .. 24.0 | 10.2 || Tetrahydrofuran . . . . . . 20.0| 8.0

Dimethylacetamide . . . . . 27.3 | 13.6 || Tributylphosphate. . . . . . 23.7 | —
Dimethylformamide . . . . . 24,0 | 16,0 || Water. . . . . . .. ... 30 54.8

, For a solvent-independent representation of the donor ability of a molecule
the “ donor number” or *“ domicity ” (DN) is used [7]. It is defined as the
molar enthalpy value for the reaction of the donor (D) with SbCl; as a reference
acceptor in a 10~2M solution of dichloroethane.

D + SbCly ———= D-%bCly ' DN=-QHpgc,

Since most aprotic solvents have similar acceptor properties, differences
in donor numbers are found correlated with the following properties () chan-
ge in AG for the respective interactions D — SbCls, (s2) AH for the interactions
with hard and border line acceptors, (77) the electron binding energies of Sb
in quickly frozen solutions of D.SbCly [8], (¢v) the ®Si NMR chemical shifts
of silanols in the respective solvents [9], (v) the increase in O-H-bonding on
aerosile [10] (v7) the ?3Na NMR chemical shift in NaClO, solutions in various
solvents [11], (v#) the free enthalpies of various cations [12], such as K+
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(vii7) the extent of ionization of a covalent substrate in the solvents [13],
(#x) the polarographic half wave potential for a given cation [14], () the rate
coefficient for the substitution of a coordinated solvent molecule [3, 15] (w7) the
rate coefficient for the substitution of a non-solvent ligand molecule [31.

The second of the two important solvent parameters characterizes the
acceptor or electrophilic property of a solvent. The acceptor number (AN)
is deduced from 3P NMR studies of triethylphosphine oxide in the respective
solvent [16].

/_\
Et,P ——— O — ACCEPTOR SOLVENT

In order to emphasize the relationship between acceptor properties and their
conjugate donor properties, the same substance, namely SbCl; has been used
as a standard for both parameters, the Et;PO.SbCl; adduct being assigned
the acceptor number of 100. The acceptor number expresses the acceptor
property of a given solvent relative to those of the reference acceptor.

The acceptor numbers are related [3] to (7) Grunwald’s Y-values [17],
(¢7) Kosowers Z-values [18], (¢7) Dimroth-Reichhardt’s E-values [19], (7v)
the free enthalpies of solvation of the chloride ion in different solvents {3, 20],
(v) the half wave potentials for the polarographic reduction of hexacyanofer-
rate (III) [21], (v¢) the *C NMR chemical shift in acetone dissolved in the
respective solvents and hence to the C—O bond lengthening [16], (viZ) the
changes of C—O bond length in metal carbonyls dissolved in the solvents
[22] (véi7) the rate coefficients of S 1 reactions, which are increased by in-
crease in AN and (z«) the rate coefficients of S 2 reactions, which are decreased
by increase in AN [15]. The last two points are of great importance in choosing
the proper solvent for substitution reactions in organic chemistry.
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