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Abstract: IUPAC defines Lewis acidity as the thermodynamic
tendency for Lewis pair formation. This strength property was
recently specified as global Lewis acidity (gLA), and is gauged
for example by the fluoride ion affinity. Experimentally, Lewis
acidity is usually evaluated by the effect on a bound molecule,
such as the induced 31P NMR shift of triethylphosphine oxide
in the Gutmann–Beckett (GB) method. This type of scaling
was called effective Lewis acidity (eLA). Unfortunately, gLA
and eLA often correlate poorly, but a reason for this is
unknown. Hence, the strength and the effect of a Lewis acid are
two distinct properties, but they are often granted interchange-
ably. The present work analyzes thermodynamic, NMR
specific, and London dispersion effects on GB numbers for
130 Lewis acids by theory and experiment. The deformation
energy of a Lewis acid is identified as the prime cause for the
critical deviation between gLA and eLA but its correction
allows a unification for the first time.

Introduction

G. N. Lewis formulated the theory of electron pair
acceptors in 1923.[1] Since then, Lewis acids have integrated
into all fields of chemistry, spanning fundamental to applied
synthesis, biochemistry, or geochemistry.[2] A central question
occurring throughout is: How Lewis acidic is my catalyst/
enzyme/mineral/material? It has been long known that
a unified, one-dimensional Lewis acidity scale is prohibited
due to the Lewis base dependency of the donor-acceptor
interaction.[3] Still, diverse scaling methods have been devel-
oped, to sort ensembles of known Lewis acids, to express the
extraordinariness of new acceptors, to interpret reaction
outcomes, or to predict possible applications.[4] Taking

account of the underlying principles of these scales, three
distinct classes were defined recently (Figure 1):[5]

1) Global Lewis acidity (gLA) corresponds to the thermo-
dynamics of adduct formation (DH/DG), and thus obeys
the IUPAC definition of Lewis acidity (Figure 1a).[6] The
most frequently applied global scale is the fluoride ion
affinity (FIA),[7] which serves to rank Lewis superacidity.[8]

On the other hand, the hydride ion affinity (HIA)[9] has
been suggested as the defining value for soft Lewis
superacids.[5] gLA can also be determined by experimental
techniques, such as solution phase studies of association
equilibria,[10] or tensimetric methods.[11]

2) Effective Lewis acidity (eLA) corresponds to induced
changes of physicochemical properties of a probe Lewis
base upon binding of the Lewis acid (Figure 1 b). These
changes are usually followed by optical (e.g., IR/UV/Vis/
fluorescence)[12] or NMR spectroscopy.[13] The Gutmann–
Beckett (GB) method is by far the most commonly
applied effective scale, utilizing the induced 31P chemical
shift (Dd31P

exp) of triethyl phosphine oxide (TEPO) caused
by Lewis acid coordination.[14] TEPO is assumed to be
a hard Lewis base due to its strongly polarized P@O bond.
Features of softness have been addressed with Me3PS and
Me3PSe as NMR spectroscopic probes.[15]

3) Intrinsic Lewis acidity (iLA) reflects properties of the
uncoordinated, free Lewis acids (Figure 1c, e.g., LUMO
energies, global electrophilicity index, electron affinity,
NMR chemical shift).[16] Intrinsic scales have the charm of
being rapidly available at a minimum of computational
costs, but they might miss effects that emerge only upon
the actual binding event of a Lewis basic substrate.

All classes and methods have their advantages and
disadvantages and are valuable and unique in their own right.
However, it is unclear which aspect of Lewis acidity they
report, and how gLA, eLA, and iLA are related. Indeed,
quantitative comparisons of different scales often yield

Figure 1. Defined classes of Lewis acidity scaling methods. A) global
scales, B) effective scales, C) intrinsic scales.
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correlations of limited satisfaction, sometimes even with
reshuffled trends.[17] Comparisons of GB results with other
effective scales revealed inconsistencies that were addressed
with PearsonQs HSAB principle or steric effects.[18] Should
a suitable Lewis acid possess a large GB number or a large
FIA? This is a clear drawback that pervades the field of Lewis
acid development and application by a notion of fuzziness.

In the present work, we analyze the experimental results
from a large set of GB data for diverse Lewis acids through
computational methods and inspect the origins for the
commonly observed deviations. By that, we develop a link
between gLA, eLA, and iLA and provide a refined under-
standing of Lewis acidity, which is of importance for future
design and application principles.

Results and Discussion

Five effects were suspected to influence the experimen-
tally observed GB numbers and perceived as crucial for the
following discussion (Figure 2).

Effect 1 is the association equilibria and probe decom-
position (Figure 2A): The magnitude of the induced change
in 31P NMR chemical shift Dd31P

exp depends on the complex
formation equilibrium constant (K), hence on the association
free energy in solution (DGsolv). Assuming fast chemical
exchange at the NMR time scale, Dd31P

exp represents the
equilibrium constant-weighted average chemical shift of free
TEPO and the LA-TEPO complex.[19] Thus, the concentra-
tion and stoichiometry of both reagents, entropy, solubility,
temperature, and solvation effects determine Dd31P

exp. Some
of these aspects can be tempered by measuring Dd31P

exp with
an excess of Lewis acid to ensure more complete adduct
formation.[19] However, Dd31P

exp may change even up to a very
high excess of Lewis acid (> 8 equiv.).[20] Another critical
aspect is the reference state of the Lewis acid before TEPO-

binding, e.g., dimeric, oligomeric, polymeric lattice. Although
gLA (the thermodynamic scale) determines the equilibrium
constant, this value does not necessarily translate linearly into
the measured GB-number. For a proper statement, quantita-
tive NMR titration experiments would be needed, which
certainly scotches the experimental ease of the GB method.
Beyond equilibrium-caused effects, potential probe decom-
position reactions should also be considered, as discussed
below under the header of Effect 1.

Effect 2 is the uncorrelated NMR chemical shielding
contributions (Figure 2 B): The electron-accepting ability of
a Lewis acid and the electron-donating ability of a Lewis base
are connected to the change of the electron density distribu-
tion within the adduct. For NMR spectroscopy, this leads to
an intuitive expectation: a Lewis acid induces a downfield
shift (deshielding) for the nuclei of the Lewis basic probe.
However, the composition of the chemical shielding terms of
a nucleus (such as d31P in the GB-probe) may be more
complex than simple ground-state electron density arguments
suggest. Symmetries and energies of excited states are
reflected in the paramagnetic contributions to chemical
shielding but are not necessarily associated with reduced
atomic charges.[21] Indeed, it is known that the 31P NMR
chemical shift heavily depends on the paramagnetic chemical
shift tensors.[22] Further aspects such as external paramagnetic
contributions, relativistic effects, or electric fields might cause
shifting beyond electron withdrawal.[23] How sensitive the GB
method is to those influences has never been clarified.

Effect 3 is the deformation energy (Figure 2 C): When
a Lewis base binds to the Lewis acid, both compounds
undergo deformation from their equilibrium structure. This
rearrangement costs deformation energy (EDEF).

The deformed fragments bind by the release of an
interaction energy (EINT). The sum of EDEF and EINT

corresponds to the final bond dissociation energy (i.e., the
gLA). Several reports have noted the importance of EDEF on
Lewis pair formation, particularly for the Lewis acid frag-
ment.[24] Still, how and if these factors influence different
notions of Lewis acidity is unclear.

Effect 4 is the ligand-based London dispersion effects
(Figure 2D): The interaction of a Lewis acid with a Lewis
base is usually determined by the interaction between donor
and acceptor orbitals and charges at the central elements.
However, recent studies on frustrated Lewis pairs have
disclosed the importance of London dispersion attraction in
the ligand periphery.[25] It appears evident that this London
dispersion may enhance the gLA, but it is unclear if and how
it influences the outcome of eLA scales.

All these factors potentially determine the chemical shift
in a GB test and may cause deviations between different
scaling classes. Whereas it is beyond the scope of this work to
analyze all contributions on a fully quantitative level, we will
account for their influences by correlation analysis and
discuss the primary consequences. Thus, we collected from
the literature Dd31P

exp data of TEPO bound to Lewis acids
based on boron,[26] aluminum and gallium,[27] indium,[28]

germanium, silicon and tin,[17c,18a, 29] nitrogen, phosphorus,
arsenic, antimony, bismuth,[18a, 30] sulfur,[31] iodine[32] and
zinc.[33] Moreover, we extended the set by measurement of

Figure 2. Suspected influences that might be responsible for the
mismatch of global and effective Lewis acidity. A) Effect 1: Association
equilibrium that determines the percentage of bound TEPO. B) Ef-
fect 2: NMR shielding contributions that determine the spectroscopic
outcome. C) Effect 3: Deformation energy. D) Effect 4: London disper-
sion interaction between the TEPO and the Lewis acid’s ligand
periphery.
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19 unassessed Lewis acids, culminating in a total of 131 values
(Table S1). The set spans 29 cationic, 101 neutral and one
anionic compounds and from simple to highly decorated
structures. The thermodynamic data (DH/DG, 298.15 K) for
adduct formation between TEPO and the Lewis acids of the
experimental set were computed by density functional theory.
For that, structural optimizations and subsequently thermal
corrections were obtained with the PBEh-3c composite
method (structural comparisons support the reliability of this
method, see Table S2). Final single point energies were
calculated at the RI-DSD-PBEP86-D3(BJ)/(ma-)def2-
QZVPP, COSMO-RS(CH2Cl2) level and were combined with
the thermal corrections from PBEh-3c. The reliability of our
computed DGsolv values for TEPO binding were supported by
good accordance with experimental values (e.g., for B(C6F5)3,
DGsolv

exp @55 kJmol@1 vs. DGsolv
comp @67 kJmol@1).[10] Further,

the 31P NMR chemical shifts of the adducts were computed by
hybrid density functional theory, where relativistic effects
were approximated by the 2-component spin–orbit ZORA
approach (Dd31P

comp, PBE0/SO-ZORA-TZ2P).[34]

Having a base of computed thermodynamic and spectro-
scopic data, comparisons and correlations between different
values were conducted. Comparing Dd31P

exp and Dd31P
comp for

the TEPO-LA adducts gave a rather poor correlation
coefficient (R2) of only 0.55 (Figure 3). A methodology
dependent error appears unlikely due to an excellent
performance in a benchmark set of monomolecular phos-
phorous compounds (R2 = 0.96 Table S3 and Table S4 in the
SI). Instead, inspecting the overall trends and some obvious
outliers under consideration of the computed DGsolv data
disclosed aspects connected with the chemical equilibrium.

For effect 1, the majority of Dd31P
comp are larger than

Dd31P
exp, with some exceptions that will be discussed later.

Noteworthily, Dd31P
comp correspond to idealized 1:1 adducts

(no dissociation), whereas Dd31P
exp are typically measured at

concentrations of around 0.05 M in CD2Cl2 solution, in which
dissociation might have a significant effect. Taking a fairly
strong Lewis acid, BPh3 as example: the DGsolv

comp value of
binding to TEPO is @12 kJ mol@1. Notably, at 0.05 M NMR

scale conditions and a 1:1 stoichiometry, 33% of TEPO is
unbound and does contribute with the shift of its free form.
However, not only the absolute concentrations, but also the
LA/TEPO ratio, influences the equilibrium. As we show,
a simple theoretical model explains that a ratio LA/TEPO of
> 3 is sufficient to induce saturation of TEPO to > 95% at
a binding affinity of around @10 kJ mol@1 at 0.05 M concen-
tration (see section S4 for further discussion). Still, it should
always be considered that Dd31P

exp is equilibrium-constant-
weighted, and this influences the outcome even for relatively
strong acceptors.[19] Hence, the general offset of Dd31P

comp to
lower Dd31P

exp should be caused by incomplete adduct
formation under experimental conditions.

Inspection of selected outliers in Figure 3 illustrated some
further equilibrium-based and other effects. For instance,
a significant overestimation of Dd31P

comp (difference
> 30 ppm) was noted for two terpy-substituted phosphorus
Lewis acids[30f,g] and two catecholate-based boranes[26c] (red
triangles in Figure 3). The computed DGsolv values of these
compounds are only slightly exergonic, ruling out consider-
able TEPO binding under experimental conditions, which is
in line with the small or even absent Dd31P

exp. Another
explainable origin for the deviation can be found for purely
inorganic salts, such as InCl3, InBr3, or ZnF2 (blue squares in
Figure 3). Although the TEPO binding thermodynamics are
very favorable for those compounds as monomeric species,
Dd31P

exp is substantially smaller than Dd31P
comp. Here, poor

solubility and solid phases were observed in the GB experi-
ments in CD2Cl2. Lattice energy is not reflected in the
computed DGsolv values if the monomeric Lewis acid is taken
as a reference.

However, not only negative, but also some suspiciously
positive deviations were observed, e.g., for BH3, SiBr4, SiI4,
AsI3, or [S(OFPh2)]+ (green pentagons in Figure 3). Of note,
these are highly oxophilic Lewis acids that tend to undergo
deoxygenation reactions. Indeed, 31P NMR spectra showed
more than the expected single peak for an LA-TEPO adduct,
suggesting immediate probe decomposition reactions. It can
be assumed that Dd31P

exp shows no longer the adduct species,
but a mixture with shifts of reaction products.

Further deviations between Dd31P
comp and Dd31P

exp were
attributed to non-accounted reference states of the free Lewis
acids (e.g., dimerization), conformational and solvation
effects, or limitations inherent to the computational method.
Overall, experimental GB numbers should always be inter-
preted with these factors considered under Effect 1 in mind:
a) Incomplete to negligible adduct formation due to unfav-
orable thermodynamics or poor solubility in case of small
shifts (a LA/TEPO ratio of 3–4 is recommended). b) Probe
decomposition in case of unexpectedly large shifts or multiple
peaks in the 31P NMR spectra. To become independent from
these experimental artifacts, the discussion in the remainder
of this study is based on the Dd31P

comp data.
For effect 2, to judge the importance of influences that are

specific to NMR spectroscopy, the computed diamagnetic,
paramagnetic, and spin-orbit contributions to the chemical
shielding of the TEPO phosphorus atom (s = sdia + spara +

sSO) were compared for all adducts. Importantly, their relative
composition was found as quasi-constant and the importance

Figure 3. Correlation plot of DFT-computed (Dd31P
comp) and experimen-

tal (Dd31P
exp) differences in 31P chemical shifts. The dashed line

illustrates a 1:1 matching. Red: very unfavorable thermodynamics,
blue: poor solubility, green: potential reactions after initial Lewis
adduct formation.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2022, 61, e202114550 (3 of 8) T 2021 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH



of spin-orbit chemical shielding sSO at phosphorous was
marginal, even for Lewis acids with heavy nuclei (e.g. BiBr3).
This is a somewhat comforting observation, as it indicates that
deviations of the NMR spectroscopic results arising from
perturbations of origins other than Lewis acidity must not be
expected, at least not based on the SO-ZORA approxima-
tion. Besides, an interesting statement could be made by
inspecting how the contributions DsX correlate with the total
induced shift change Dd31P

comp upon binding of TEPO to a LA
(Figure 4, Table S9). Intuitively, one might assume that LA-
coordination reduces the electron density at phosphorous,
associated with a reduced sdia. However, sdia correlates only
poorly with Dd31P

comp, and its total magnitude of variation is
relatively small (Figure 4B).

Instead, the induced shift is determined by changes in the
paramagnetic shielding spara, that is related to excited states,
thus to the occupied and virtual orbitals of the P@O bond.

To inspect correlations between chemical shift and atomic
charge, the changes of the summed NBO-derived natural
charges of the entire TEPO fragment were plotted against
Dd31P

comp (Figure 5A, DQTEPO). The charges were referenced
against that of free TEPO. In general, as would be expected,
electron density is withdrawn from TEPO upon binding to
a Lewis acid. However, this charge transfer correlates only
poorly (R2 = 0.55) with Dd31P

comp. The plot of the P- and O-
atom charge changes DQX in the adducts against Dd31P

comp

further breaks down this picture (Figure 5B). Indeed, the
charges at phosphorous remain almost identical along the

whole set of adducts, and the directly bound oxygen displays
an uncorrelated scatter plot.

Similar noncorrelations between charge and chemical
shift have been made for 13C[35] and transition metal-bound
phosphorous atoms,[34b, 36] and thus hold true for the GB
method. Hence, the GB method reports a change of P@O
bond character, rather than the electron deficiency at the P-
nucleus, as might arise from a simplistic Lewis acid as electron
pair acceptor perspective. These interpretations are also
supported by preliminary analyses of the MO contributions to
chemical shielding tensors.

For effect 3, the most fundamental question was addressed
in the next step: Does the induced NMR shift (eLA) correlate
with the TEPO binding energy (gLA)? Do those numbers
transmit the same property? Plotting Dd31P

comp against DH/
DG/DE of TEPO binding revealed an extremely poor
correlation (R2 = 0.51 for all energies, R2 = 0.41 for DGsolv),
irrespective of whether experimental or computational NMR
shifts were applied (Figure 6 and Figure S4).

Global and effective scales describe a different property
of Lewis acidity if the whole set of adducts is considered. If
clustered by identical central element, both scales may, but
not necessarily do, gain a closer matching (see section S7).
Thus, a large GB number (a strong effective Lewis acid) does
not necessarily classify a Lewis acid as strong in a global
(thermodynamic) sense. The influence of the deformation
energy was considered as the cause of this critical discrepancy.
Thus, the Lewis adduct formation was decomposed into the
energetic contributions of deformation (EDEF) and interaction
(EINT) (cf. Figure 1C, values computed at RI-DSD-PEBEP86-
D3(BJ)/(ma-)def2-QZVPP). Intriguingly, if plotting Dd31P

comp

against EINT, a substantially improved correlation (R2 = 0.51!
0.81) was obtained (Figure 7A). As can be seen from the
individual plots of EDEF(X) for both the Lewis acid and TEPO
against Dd31P

comp, EDEF(LA) but not EDEF(TEPO) is responsible for
the deviation (Figure 7B). Thus, Lewis acids with significant
structural deformation energy may have large eLA but small
gLA. Noteworthily, not only structural deformation was
identified as a source of EDEF(LA), but also electronic
deformation occurred in selected cases, such as a change of
formal oxidation state, e.g., GeII!GeIV or PIII!PV, upon

Figure 4. Correlation plots of the paramagnetic shift Dd31P
para (A) and

Dd31P
dia (B) to the computed Dd31P

comp. Both were obtained by referenc-
ing the respective part of the chemical shielding from free TEPO.

Figure 5. Correlation plot of the difference of charge of TEPO within
the adduct and the computed chemical shift (A), and of the charge
alteration of oxygen and phosphorus (B) with the 31P NMR shift.

Figure 6. Comparison of gas phase thermochemistry of TEPO-binding
with the computed 31P chemical shift.
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binding of TEPO to Lewis acids with redox non-innocent
ligands (Figure S6).

Overall, this finding illustrates that eLA, here expressed
as Dd31P

comp, does not represent gLA, but rather the inter-
action energy between both deformed fragments (a type of
intrinsic bond strength). According to the significant im-
provement of R2, the deformation energy influence Effect 3
can be claimed to be of highest importance for the commonly
experienced misfit between global and effective scales.

Inspection of the components on EINT by Ziegler-Rauk
type energy decomposition analysis (EDA)[37] revealed that
both electrostatic and orbital bonding contributions (DEelstat

and DEorb) contribute with similar weights to the chemical
shift (Figure S7). Thus, from an EDA perspective, the induced
chemical shift is not biased by different types of bonding, that
is, charge transfer or Coulomb attraction. Notably, the
LA$TEPO dispersion interaction contribution to EINT is
entirely uncorrelated to the 31P chemical shift (R2 = 0.01,
Figure S8). This led us to suspect Effect 4 as an additional
cause for the misfit between global and effective scales. The
following was assumed: whereas attractive London dispersion
interaction between TEPO and polarizable substituents at the
Lewis acid increase the gLA, it should not cause a larger eLA
(31P NMR shift). Thus we computed London dispersion
contributions by the LED/DLPNO-CCSD(T)/cc-pVnZ (n =

T,Q) partitioning scheme,[38] which allowed to extract the
dispersive attraction that is occurring in the ligand periphery
only (EDISP-LIG, see section S10). Those interactions rendered
very large for combinations of TEPO with bulky Lewis acids,
up to, e.g., @106 kJmol@1 for [Si(C6Me6)3]

+. Indeed, a sub-
traction of EDISP-LIG from EINT caused a slight but noticeable
improvement of R2 from 0.81 to 0.82. Although the poten-
tially important London dispersion between solute and
solvent molecules is not treated in this model, it can be noted
that Effect 4 is a further cause for the divergence of gLA and
eLA.

Next, eLA was compared with iLA scales. A moderate
correlation was found between Dd31P

comp and intrinsic proper-
ties of the free Lewis acids, such as ELUMO (R2 = 0.70), the
chemical potential m (R2 = 0.70), hardness (R2 = 0), or the
GEI (R2 = 0.71, see plots in Figure S9). Interestingly, the
correlations improved to 0.80 if those numbers were taken for
the Lewis acids in-the-adduct-structure (see plots in Fig-
ure S10). These comparisons reveal that eLA is closer to iLA

than to gLA, and that eLA and iLA also converge if the
deformation is considered. We surmised that the GEI of the
deformed Lewis acid (so to speak, the propensity to soak up
electrons [16c]) might allow weighing HSAB-contributions to
Dd31P

comp. Indeed, a superposed scale of Lewis acidity, q =

EINT@GEI, that is the interaction energy corrected by the
electrophilicity index, yielded a correlation coefficient with
Dd31P

comp improved to R2 = 0.88 (Figure 8).

Lastly, a direct comparison of the FIA scale with the
effective GB scale was made for all neutral Lewis acids.
Interestingly, the FIA shows a good correlation to Dd31P

comp

already without a need for correction (R2 = 0.78). Still, also in
this case, R2 increases if the values are corrected for the
deformation energy that occurs upon fluoride ion binding
(EINT-FIA vs. Dd31P

comp 0.78 ! 0.86). Presumably, the influences
of dispersion (fluoride is a less good dispersion energy donor)
and charge transfer (fluoride is a harder Lewis base) are less
influential, thus warranting a closer relation of both scales. It
illustrates the reason for the hitherto experienced but not
understood agreement between those two most popular
methods to gauge Lewis acidity.

Conclusion

The IUPAC definition of Lewis acidity corresponds to the
thermodynamic tendency of a compound to bind a Lewis
base. Methods based on Lewis base affinities (such as FIA)
have been defined to report global Lewis acidity (gLA). As
those numbers are difficult to obtain experimentally, Lewis
acidity is commonly gauged by spectroscopic tools, such as the
Gutmann–Beckett (GB) method. Methods of this type report
effective Lewis acidity (eLA). Although gLA and eLA may
yield poor correlations, they are often treated interchange-
ably. In the present work, we evaluate the GB method
through experiment and theory for a large set of Lewis acids
and build a bridge between both visions. Two conclusions,
specific to the GB method evolved:
(1) The induced 31P chemical shift of triethyl phosphine oxide

(TEPO) is heavily influenced by the equilibrium of
TEPO coordination under experimental conditions.
Weak Lewis acids might be underestimated in their

Figure 7. Comparison of the 31P chemical shift to the interaction
energy DEINT (A), the deformation energy of the Lewis acid DEdef(LA)

and TEPO DEdef(TEPO) (B).

Figure 8. Correlation of the combined Lewis acidity metric
q =EINT@GEI with Dd31P

comp.
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eLA due to incomplete adduct formation, particularly at
low concentrations or 1:1 ratio. Artifacts occurring by
unfavorable thermodynamics, insolubility, or undesired
reactions always need to be taken into consideration.

(2) The induced 31P chemical shift of TEPO arises from
changes to paramagnetic NMR shielding contributions.
The shift does not correlate with the natural atomic
charge at phosphorous but is influenced by occupied and
virtual orbital changes in the P@O bonds. NMR-specific
perturbation effects beyond Lewis acidity (heavy atoms,
etc.) appear unlikely in the GB method.

Three more general conclusions were derived, that are of
fundamental relevance for the theory of Lewis acidity:
(3) eLA and gLA represent two distinct, but not linearly

connected properties of a Lewis acid. gLA comprises the
entire binding event, including the deformation energy.
eLA does not incorporate the deformation energy.
Instead, eLA (herein illustrated by the Dd31P

comp) corre-
lates with the interaction energy of the deformed frag-
ments. Thus, eLA can be considered as a type of intrinsic
bond strength. Comparative statements on the gLA
based on GB measurements should be restricted to
compounds with identical central elements and similar
ligands.

(4) Peripherical London dispersion interaction of Lewis acids
with large substituents may increase gLA against Lewis
basic probes or substrates with dispersion energy donor
residues. However, this attraction does not influence the
effect induced by coordination, but should be regarded as
a trigger that supports the effect to occur.

(5) eLA has a closer matching with iLA as with gLA. Also,
the correlation of eLA and iLA improves if the intrinsic
values are determined for the deformed Lewis acids.

Conclusion (3) is the most important finding, as it
ultimately allows to understand the offset between some
Lewis acidity scales. For instance, AlEt3 is a powerful global
Lewis acid due to a small deformation energy, but only
a moderately effective Lewis acid. In contrast, tetrahedral
Lewis acids, such as SiCl4, are strong effective Lewis acids
(substantial induced 31P NMR shift), but weak global Lewis
acids due to their immense deformation energy. In turn,
compounds based on elements with large deformation energy
profit massively from structural constraint effects, as was
observed for tetrahedral silanes or phosphonium ions.[29c,39]

Similar effects hold true for other cases of structural
constraint-empowered Lewis acidity.[40] The ramifications of
this new level of interpretation in Lewis acid bond activation
and catalysis still need to be developed.

The HSAB principle has been a straightforward model to
explain trends in Lewis adduct formation reactions. However,
this concept transpires as insufficient to account for the entire
interplay for a quantitative representation of Lewis acid
properties. Given the complexity of contemporary Lewis
acids (bulky ligands and charges), aspects arising from
deformation energy contributions or dispersion interaction
might nowadays be of at least similar importance. It is time to

reconsider the theoretical framework of Lewis acidity; the
present contribution offers first steps.
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