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A comparison of atomic charges has been carried out using two different atomic partitionings: one provided
by the theory of Atoms in Molecules (AIM) and one based on the Hirshfeld scheme. The systems studied
were the neutral and protonated forms of O- or N-containing compounds, some of them bearing two functional
groups. The results obtained with both partitionings display important discrepancies, in particular, for the
charges of the €X groups (X= O or N), for their variation upon protonation, and for the final charge of
the proton. However, separating thefrom the & changes upon protonation, and a clear correlation was
found for thesr contributions that were calculated using the AIM and Stockholder schemes. This allowed the
conclusion that the classical resonance forms do not agree with ¢harge variations (obtained with both

the AIM and Hirshfeld methods) that are produced by protonation. In fact, though tharges calculated

with both methods are different, they provide the same conclusions aboatdharge redistribution upon
protonation. The main difference between the results obtained with both partitionings pertains to laow the
electron population is distributed among the atoms of the molecule.

Introduction to the molecular deformation densitp(r), by eq 3.Ap(r) is
defined by eq 4, wherg™! is the molecular electron density
andpP is the promolecule density given by eq 5, whef§r)
represents the charge density of the isolated atom, A, placed at
the same position occupied by its nucleus in the molecule.
Finally, the functionwa(r) in eq 3 gives the relative contribution

of atom A to the promolecule in the pointand is expressed

by eq 6.

Atomic charges are considered useful tools for obtaining
chemical insights from structural and chemical reactivity data.
There are many definitions of atomic charge. The most
important we can mention include the traditional Mulliken
population analysis methddthe density matrix-based normal
population analysis developed by Reed etdand the method
based on the atomic polar tensor developed by Cioslofvski.
Another group of methods obtains the atomic charges through

the numerical integration of the electronic densjt{). The Ga = — [ Opa(r) dr 2)
results provided by two of these methods are compared in this
work; one is based on the AIM thedryand the other on the OpA(r) = wa(r)Ap(r) (3)

Hirshfeld schemé&:14 Since both methods have been adequately
described in the literature, only the expressions relevant to this

study will be given in order to clarify the notation used. Ap(r) = p™(r) — pP(r) (4)
According to the AIM theory, an atom (with a few exceptidfs)
consists of a nucleus which acts as an attractor for the trajectories oPor) = Z pAat(r) (5)

of the gradient of the charge density vector fie¥gh(r), and its

associated atomic basif?, throughout which these trajectories o pro

spread. An atom, A, is delimited by zero-flux surfaces¥p(r) Wa(r) = pa™(1)/p™(r) (6)

and an isocontour where the electron density vanishes. The ]

atomic chargedp) is obtained by eq 1, whex is the atomic AIM and Hirshfeld charges (also called Stockholder charges)

number, through the integration of the electronic density within Were only compared for a series of diatomic molecules in
the atomic basin. previous work!® The dependence of the basis sets used for

different methods was investigated using a series of hydrocar-
_ bons and other simple organic molecules using the Hartree
G =2Za— fgp(r) dr @) Fock level'! Rousseau et &F studied the influence of the basis
set, the atomic spectroscopic state used for the evaluation of
The Hirshfeld scheme calculates the atomic charge (eq 2) bythe weight factors, and the electron correlation upon the
using the atomic deformation densitjpa(r), which is related calculated Hirshfeld charges. Their work proved that calculated
charges can be considered as converged upon use of a
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TABLE 1: Selected Atomic Charges ¢)) and Their Variations upon Protonation (Aq) in Molecules 1-5 Calculated Using the
AIM Theory and the Hirshfeld Scheme (STOCK)?

1 2 3 4 5

AIM STOCK AIM STOCK AIM STOCK AIM STOCK AIM STOCK
XP —1.094 —0.233 —1.041 —0.201 —0.898 —0.182 —1.026 —0.209 —1.069 —0.199
ch 0.521 —0.002 1.002 0.122 0.374 0.005 0.366 —0.039 0.686 0.026

Aq

Xb 0.000 0.294 —0.002 0.280 0.025 0.236 0.005 0.300 —0.094 0.285
ch —0.218 0.108 —0.097 0.225 —0.105 0.119 —0.095 0.080 0.070 0.199
He 0.691 0.274 0.689 0.282 0.668 0.256 0.477 0.206 0.511 0.216

3 All values are in atomic units (au).Charge differences were calculated as protonatathprotonated, X= O or N. ¢ Charge values for H

. . . . . . . hanol f Idehyd el hylami: hylenimi
The main objective of this work is to investigate whether ™" Mgy TG mabgmne mebv g
several remarkable conclusions, previously obtained within the
framework of the AIM theory, can be reproduced by employing H—_ o SaH
a different atomic charge definition, such as the Hirshfeld | 2 /0\ T N7

. : _ |
scheme. In particular, we want to check if the Hirshfeld charges ..C N H“‘/'C_C'\”’H H\“/‘C\
H H

confirm that (i) hydrogen atoms play a leading role in the “H/ \H H3/ H, H
stabilization of protonated species providing the charge gained
by the proton, as was found in several previous AlM stutfie’s, ﬂ g+
(i) the redistribution of the electron density experienced after
protonation by molecules that contain very electronegative o _H i' H JH
atoms, X, is better reproduced by %H than by X—H™ forms, o=t 4o +0 +N‘°‘H H _-H
as it was previously obtained with the AIM theory for several é é' C/_\ | * |
linearf820 and cyclid®?! ethers, carbonyl compounds.and W N o7 HY " Cm H\‘;C\H O
pyrimidine base$® and (iii) the redistribution of the electron H H H H H H
charge experienced after protonation by molecules with a 4-hydroxy-2-pentanone 2,4-pentadione
delocalized charge is not well-described by the resonance model, © ™
as it was also previously found in the above cited AIM study 06 o~ (o 0,
on pyrimidine base%®
Our study also aims at comparing the AIM and Hirshfeld
descriptions of the charge redistribution experienced in a hydride 1 3 04 07s 1 3
addition process, which is compared with the protonation
process. The effect of two functional groups over the modifica- ﬂ H*
tions of the atomic charges in the protonation process was also
studied. H
Both AIM and Hirshfeld schemes seem to be adequate for
rationalizing the reactive processes, including protonation, | |
because they have provided reactivity indexes. Thus, Bader et
al. employed the laplacian of the density charg&pj to
rationalize the ability for electrophilic aromatic substitution of ~Figure 1. Structure and nomenclature of molecules?.
benzene derivatived.More recently, the Hirshfeld scheme has ] ) ]
been employed for determining the Fukui functf&r?” which electronegative atoms (N or O) with or withautsystems are
is one reactivity index commonly used in chemistry. considered for both atomic partitionings, which allows us to

study the influence of a double bond and the electronegativity
over the atomic charge redistribution. The classical representa-
tions of the protonated forms usually employed in organic
MP2/6-31H+G** electronic densities were employed for chemistry are discussed, as well. The effect of two functional
the calculations of the atomic charges and the electronic groups over the redistribution of the atomic charges was
populations of all of the molecules studied here. These densitiesanalyzed by considering the groups containing the most elec-
were obtained using Gaussian®3\IM and Hirshfeld charges  tronegative atoms (hydroxyl and carbonyl). Therefore, 4-hy-
and electronic populations were obtained using, respectively, droxy-2-pentanone6j and 2,4-pentadione7) were studied.
the AIMPAC?*® and STOCK program%:2> When the AIM Since this study is concerned with the mutual interaction of
partitioning was used, theandzr contributions were calculated  functional groups due to their proximity and not with the specific
by taking into account the natural orbital (NO) symmetries and alterations of the charge density due to hydrogen bonding, we
by performing atomic integrations for every NO within the limits  have only considered (f@) the conformer where the intramo-
defined by the atomic surfaces. The density matrix is used in lecular hydrogen bond is not formed. The evolution of the
the Stockholder calculations, and theand & separation is atomic charges upon the hydride and proton addition was
completed over this matrix. compared only for the propanone molecue Finally, three
Our study comprises eleven molecules. Five of them were aromatic molecule9—11, two with Cs symmetry [3-aminocy-
selected for studying the atomic charge redistribution upon the clopent-2-enone9j and 2,4-cyclopentadien-1-onQj] and the
protonation in small molecules: formaldehyds,(methanol third with C, symmetry [2-pyridinoneX1)], were selected for
(2), oxacyclopropaned), methylamine4), and methylenimine  studying the systems wittr charge delocalization. It was
(5). Thus, five different functional groups containing very previously found that some amides experience charge modifica-

Computational Details
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TABLE 2: Atomic Charges (q) of Molecules 6 and 7 and Their Variations Aqg) Calculated upon Protonatior?

q Aq q Aq
AIM STOCK AIM STOCK AIM STOCK AIM STOCK
6 7

C1 —0.042 —0.089 0.028 0.043 C1 —0.041 —0.083 0.016 0.030
Cc2 0.990 0.160 —0.234 0.115 Cc2 0.995 0.162 —0.083 0.057
C3 —0.013 —0.058 0.005 0.025 C3 —0.071 —0.066 —0.008 0.034
C4 0.518 0.062 0.029 0.018 C4 0.995 0.162 —0.129 0.080
C5 —0.005 —0.091 —0.018 0.007 C5 —0.041 —0.083 0.020 0.035
06 —1.092 —0.226 0.004 0.227 06 —1.090 —0.222 0.027 0.146
o7 —1.120 —0.206 —0.018 0.020 o7 —1.090 —0.222 0.015 0.186
HP 0.562 0.145 0.040 0.032 °H 0.651 0.138
He 0.648 0.228

aSee Figure 1. Variations were calculated as protonatathprotonated. All values are in atomic units (duiydroxyl hydrogen¢ Charge
values for H.

propanone

tions during protonation that are not consistent with the ®)
resonance modé®. Thus, cyclic system®—11 extend thex +1
system of the carbonyl group over chemical environments with |C|)4 o 0-
and without nitrogen, placed in positions that will or will not . | ‘H | H-

. . . . b M TH_C< _HY HG L C3 SH-
build the amide unit. We have considered only the most stable Ci C; e o7 Ko I e
protonated forms of moleculé&sand11, where the protons are \\\l \,,/ 7H\\‘[ \'va [/ H-\
in a trans arrangement to the nitrogen. The symmetry of these H7He HgHw H* H- -H H-
systems allows us to perform the separation of the electron AIM
density and to calculate theandsr atomic populations for the +H
AIM and Hirshfeld partitionings. ﬁ o+ o=

. . H. H .pg |(|j+ H+ - H ‘ N

Results and Discussion ¢ TN N N HG (‘3 ” CyH

Atomic Charge Redistribution in Small Molecules. Table H\H H/H 'l ¥ [ B\

. . . .. H- -H -H H-

1 contains the atomic charges and their variations upon the
protonation process for moleculés 5 (Figure 1). With respect STOCK

to previous findingd? the absolute values obtained for the Figure 2. Structure, nomenclature, and charge redistribution upon
atomic charges with both methodologies are significantly hydride addition and protonation of propanone. The size of the sign is
different, with the AIM method always providing much larger proportional to the charge variation.
values. Nevertheless, we are interested in the trends exhibitedth i i b din the ch hich displ
by the atomic charges in the protonation process, not in their € Ljerendgrciugshargo fserve rl1nf ef argl;es, which dispiays
absolute values. The results obtained for the carbon, oxygen,2" 'Ndependent benavior for each functional group.
and nitrogen atoms, and the final charge of the protons show _The atomic charges of the remaining carbon atoms display
trends that are significantly different when both partitionings different trends when AIM and Hirshfeld partitionings are em-
are compared. The AIM method, as already found in previous Ployed. Thus, C1i6 (the carbon closest to the carbonyl group)
works8-23 provides (i) nearly constant values for the charge has a more negative charge than C5 (the carbon closest to the
on the atom to which the proton is added, X (oxygen or nitrogen hydroxyl group) in the AIM results. However, these values are
in this case), and (ii) a large positive charge for the proted.{ similar in the Hirshfeld results and larger than the AIM values.
au in the oxygen ane-0.5 au in the nitrogen). Thus, according 1€ charge of C3, situated between the two groups, displays
to the AIM results, the O- and N-protonated species would be differences, too. While this atom has a charge that is lower than
better represented by the—¥* forms rather than by the the charges of C1 and C5 in the AIM partitioning, the contrary
classical X—H forms. On the contrary, the results of the Nhappens when the Hirshfeld partitioning is employed. The
Hirshfeld atomic partitioning indicate (i) that the charge of the hydrogen atoms transfer the electron population to the rest of
X atoms is substantially affected by the protonatidg(X) the atoms according to both the AIM and Hirshfeld results.
surpassing 0.2 au in all cases) and (ii) that the positive charge The most stable conformer for the protonated form7of
is more uniformly distributed over the molecule, and the charge Presents a ring critical point. In this molecule, the electron
on the proton never reaches 0.3 au. transfer to the proton is completed by the two carbonyl groups,
Both AIM and Hirshfeld charges point out that the presence although one of them has a stronger bond (O7). Therefore, the
of a C=X group @ and5) results in an important increase of ~charge variations are different in this molecule, but they follow
the charge on the C atom. The charge increment experiencedhe trends observed for the other moleculkg is negative for
by the C atom upon X-protonation is also substantially increased the carbonyl carbon and null for the oxygen employing AIM

when a G=X group is present. partitioning, whereas it is positive for the carbonyl carbon and
Effects of Two Functional Groups. We have studied two ~ Oxygen atoms employing Hirshfeld partitioning. Another re-
molecules containing two functional grousand7, one with markable difference is found in the proton @f which is

one carbonyl and one hydroxyl group and another with two Significantly smaller (0.138 au) than the values found for the
carbonyl groups. Table 2 lists the atomic charges and their remaining molecules. However, the AIM charge for this atom
variations upon protonation. The charges obtained for the C anddoes not show any significant difference with respect to the
O atoms of the hydroxyl and carbonyl groups of these molecules other molecules.

are very similar to those obtained, respectively, in molecliles Hydride Addition on the Propanone Molecule and Com-
and?2 with the same method. Therefore, no influences between parison with the Protonation. A study of the charge redistribu-
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TABLE 3: Atomic Charges of Neutral Propanone (8) and TABLE 5: ¢ and & Atomic Populations of Molecules 9-112
Its lonic Forms Obtained upon Protonation (8—H™) and (see Figure 3) and Their Variations after the Protonation
Hydride Addition (8 —H™) Calculated Using the AIM Theory Calculated Using the AIM Theory and the Hirshfeld Scheme
and the Hirshfeld Scheme (STOCK} (STOCK)P
8 8—H* 8—H- Ne ANC N" AN"

AIM STOCK AIM STOCK AIM STOCK STOCK AIM STOCK AIM STOCK AIM STOCK AIM
Cl —-0.042 -0.086 0.012 0.047 0.021 —0.044 9
Cc2 1.000 0.160 —0.235 0.128 —-0.208 —-0.171 Cl 4983 4.342—0.046 0.237 0.903 0.653 0.023 0.099
C3 —0.042 -0.086 0.031 0.048 0.021 —0.044 C2 5.092 4.997-0.009 —0.045 1.007 1.083-0.029 —0.043
04 —-1.091 —-0.232 0.002 0.241 -0.190 —0.348 C3 4946 4.663 0.036-0.011 0.996 0.865-0.097 —0.144
H5 0.042 0.040 0.043 0.037 —0.086 —0.053 06 6.924 7.568-0.416 —0.289 1.332 1.560 0.258 0.279
H6 0023 0041 0113 0058 —0.105 —0.062 N7 5663 6.437 0.044 0.112 1.447 1.794.114 —0.132

_ _ H8 0.883 0.919-0.032 —0.068 0.075 0.032-0.007 —0.007

H7 0023 0041 0103 0052 -0.066 0053 R, OOF GRS 0O 00E D018 00 0001 —0008

HO 0.023 0.041 0108 0.057 —0.105 —0.062 H14 0.756 0.559-0.024 —0.044 0.121 0.025-0.022 —0.008

H10 0023 0041 0089 0.046 —0.061 —0.052 o 0624 0.356 0.108 0.011
b — —

H 0.656  0.243 -0.133 —0.061 Cl 4996 4375-0.028 0.273 0.865 0.624-0.077 —0.044
aSee Figure 2. Charge values®FH* and8—H- are presented as C2 5130 5.090-0.041—-0.097 0.925 0.979-0.002 0.013

differences with regard to the neutral form. All values are in atomic C3 5126 5106 0.006 0.042 0.894 0.933.095—-0.111
units (au).? Atomic charge variation of the Hand charge value for c4 5126 5106 0011 0.054 0.894 0.933.109 —0.132

the H" upon hydride addition and protonation, respectively. gg gégg ?gggigggg :gggf gggg 2%2 ggéi 82?2

H7 0.878 0.897—0.039 —0.078 0.069 0.029-0.001 —0.006
H8 0.885 0.917-0.035 —0.083 0.064 0.027-0.009 —0.008
H9 0.885 0.917-0.035 —0.082 0.064 0.027-0.010 —0.009
H10 0.878 0.897—0.033 —0.060 0.069 0.029 0.00%+0.004

TABLE 4: Variations in o, &, and Total Electron
Population after the Protonation of 2 and 5 Calculated Using
the AIM Theory and the Hirshfeld Scheme (STOCK)

AN AN AN He 0.662 0.328 0.092 0.008
11
STOCK ~AIM STOCK AIM  STOCK AIM N1 5666 6.550—0.001 0.082 1.358 1.6680.065 —0.063
> C2 4871 3.953-0.085 0.104 1.003 0.689 0.032 0.106
Cl1 -0.028 0.269 —0.261 —0.172 -0.289 0.097 C3 5.111 5.064—-0.030 —0.048 0.936 0.981-0.013 —0.024
02 —0420 —0189 0250 0191 —0200  0.002 C4 5108 5067 0.000 0020 0918 0.94D.068 —0.076
_ _ _ _ _ _ C5 5082 4988 0014 0056 0985 1.024.095—0.108
Ei _8:839 _gégg _8:8% _8:8%8 _gjﬂg _gégg C6 4.997 4.651-0.004 0.028 0.987 0.914-0.061 —0.054
He 0635 0313 0083 000l 0718 0314 07 6885 7.511-0.412 -0.280 1.432 1.643 0213 0.250
. : : : : : : H8 0.874 0.909-0.031 —0.073 0.070 0.028-0.008 —0.006
HO 0.881 0.904—0.029 —0.044 0.069 0.028-0.006 —0.004
Cl -0.038 0139 —0.160 —-0.209 -0.198 -0.070 H10 0.887 0.929-0.031 —0.070 0.066 0.028-0.010 —0.007
N2 —0405 -0.124  0.120  0.219 —0.285  0.095 H11 0.879 0.918-0.029 —0.068 0.076 0.033-0.015 —0.011
H3 -0.077 —0.165 -0.016 -0.013 -0.093 -0.178 H12 0.760 0.550-0.038 —0.057 0.102 0.019-0.014 —0.006
H4 —0.069 —0.146 —0.018 —0.013 —0.087 —0.159 He 0.675 0.346 0100 0011

H5 -0.120 -0.171 -0.001 -0.006 -0.121 -0.177
Hb 0.709 0.467 0.075 0.022 0.784 0.489 a2 The data shown for molecul@ correspond only to a part of the
molecule.P Variations were calculated as protonated unproto-

“Variations were calculated as protonatednprotonated. All values  p5teq. Al values are in atomic units (ad)r andx electron populations
are in atomic units (auf.o, &, and total electron population for'H for H+.

tion upon the hydride addition has been performed for the 3-amino-cyclopent-2 2,4-cyclopentadien-1-one  2-pyridinone
propanone molecule (Figure 2). The results are shown in Table © 9 an

3, which also includes the charge variations experienced by this Qs O
molecule upon the protonation process. The most important
difference between the AIM and Hirshfeld results is found at
C2. AIM partitioning shows its charge decreasing in both
processes, with similar values 60.235 au upon protonation , _ y/IH1o N
and —0.208 au upon hydride addition. The decrease observed "~ '\ He He Ho
in the protonation is mainly due to the electron transfer from s
the hydrogens of the methyl groups. On the contrary, the
Hirshfeld partitioning shows a decreased C2 charge after the

hydride addition (similar to the AIM value) but an increased

charge after the protonation.

+ O/H +O/H
With respect to the oxygen atoms, the charge variations are | | |
negative upon the nucleophilic addition, as expected, but the NH
Hirshfeld value is almost twice the AIM value. We also observe
NH;

H
2 N 112
Hg O Hiq H/~2

that an important part of the negative charge is concentrated

on the hydrogen atoms in the AIM partition, as it is with the

positive charge in the protonation. Figure 3. Structure and nomenclature of the aromatic molecetesl
Study of the o and & Electron Population. Because of the  studied in this work.

important differences found in the atomic charges discussed

previously, we performed a/xr analysis in order to determine  formaldehyde and methylenimine upon the protonation of the

which of these contributions presents larger differences betweenoxygen atom and nitrogen atom, respectively, are shown in

the partitionings. The variations experienced by ¢hand Table 4. It can be observed that the differences correspond to

populations (denoted, respectively, & and N7) in the the o redistribution and not to ther redistribution. Both
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values) and not comparable to the electron population on the
proton (approximately double the AIM population).

Protonation of & Electron Delocalized System and Reso-
nance Forms.The study of thes andr contributions to the
atomic population was extended to molecules witklectron
delocalization. This allows us to discuss the reliability of
resonance forms for explaining the protonation process.cThe
andu electronic populations calculated with both partitionings
and the variations displayed after the protonatidN? andAN~,
are shown in Table 5 (see Figure 3 for atom numbering). Both
the absoluter and x populations display large differences in
the three molecules, as is the case for the total atomic charges.

» <o The most important differences are always found in the carbonyl
’ AT =08 anrtay oo group, although the nitrogen Balso shows large differences.
0.35 — : : _ . New and interesting conclusions can be obtained from the
05 03 0.3 AN’ and AN” values. Large differences between the two
Figure 4. Plot of AN’(Q) and AN*(Q) values calculated with the A PaTtitionings are displayed foAN”. However, AN™ displays
theory vs their counterparts calculated with the Hirshfeld partitioning similar trends and almost similar values for ev_ery atom. In fact,
for all of the atoms of molecule®, 5, and9—11. AN7 values calculated for the same atom with the AIM and
Hirshfeld partitioning display a fairly good linear relationship,
partitionings provide similar variations in tiepopulations but ~ whereas high scattering is observed A4’ (Figure 4).
large differences in the variations of thepopulations for the The principal differences ilAN° are found in the carbonyl
oxygen, carbon, and hydrogen atoms. It is a conclusion of the group, and they are similar to those found in formaldehyde,
AIM results that the decrease of the carbon charge is originatedthat is, a large and positive value for the AIM charge at the
by ao electron donation from the hydrogen atoms. Part of this carbon; on the other hand, the corresponding Hirshfeld values
electronic population remains in the carbon atom, and anotherare small and negative. It can be observed that the presence of
part is transferred to the oxygen atom. The oxygen atom a nitrogen bound to the carbonyl carbonlib makes the AIM
transfers all of its charge to the proton agra&harge, but it AN?(C2) value less positive than teN°(C1) values i, 10,
compensates for the part of the electron population that is lostand2. The corresponding HirshfeldN°(C2) value is the most
with the ;v electron population that is gained from the carbon negative. Large and negati¥e\’ values are obtained with both
atom. Similar conclusions are obtained for the methylenimine methods for the oxygen, but in this case, the largest values are
molecule; the proton approximately gains thpopulation that found by employing the Hirshfeld partitioning. Similar trends
is lost by the hydrogens. At this point, if one observes the charge between the two partitionings are obtained for the other atoms.
redistributions in methanol, oxacyclopropane, and methylamine A special case is, again, the carbon atom bonded to nitrogen in
(Table 1), wheres/r separation cannot be completed, it can be 11. Its positiveAN? value stays in line with the trend followed
seen that the electronic population gained by the proton is sim-in the AIM studies by the atoms bonded to more electronegative
ilar to what the hydrogen atoms lost in the AIM partitioning. atoms. The nitrogen atom presents posithi¢ values that are
This is not true for the Hirshfeld partitioning. Although the significant in the AIM partitioning but negligible when the
hydrogen atoms transfer part of their electron population, this Hirshfeld partitioning is employed. The trends displayed by the
population loss is lower (approximately one-half of the AIM hydrogen atoms are similar to those found in formaldehyde.

550

9a
H H
o o " o o o~ o~
|
@”@”@"@”Q*’@
10e 10f
XN

Ila 11b
Figure 5. Resonance forms for molecul®&s-11.

0.25 4

ANQAM [au)

o
o

-0.1 0.1
AN©)S™ [ay]



Protonation and Hydride Addition Processes J. Phys. Chem. A, Vol. 108, No. 34, 2004055

Variations obtained with both partitionings are always negative, unreliability of the resonance model for describing the electron

but those provided by AIM are approximately double those charge redistribution that takes place upon protonation, proposed

obtained with Hirshfeld. in previous work® on the basis of AIM results, is confirmed
On the contrary, similar values were obtained with both using charges based in the Hirshfeld partitioning.

partitionings forAN™. The carbonyl carbon is, again, the one

that presents the largest discrepancies in every molecule that Acknowledgment. M.M. thanks Rectorado Universidade de

never reaches 0.1 au. Vigo for a fellowship funding his stay at the University of
Figure 5 shows the possible resonance forms that can beAntwerp. C.V.A. thanks the University of Antwerp for a grant

drawn for molecules9—11. According to these forms, the under BOF UA/SFO UIA 2002.

O-protonation experienced [/ should be accompanied by a
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