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Abstract. The derivations that lead to the introduction of the electro-
philicity and of the electrodonating and electroaccepting powers are
revisited. Special emphasis is given to the role played by the chemi-
cal potential of the bath in the definition of these global reactivity
indexes. An alternative explanation to the increase of the energy when
the system donates electrons is provided. It is also shown that the 2-
parabolas model correctly predicts that there is no electron flow when
the chemical potential of the bath, p, is in the interval p~ < p < p, in
almost complete consonance with the ensemble theorem at 0 K. The
electrodonating and electroaccepting powers of neutral atoms in the
Periodic Table are evaluated and used to explain how the values of
these indexes will distribute in the electrodonating-electroaccepting
powers plane.

Key words: Chemical Reactivity Theory, Conceptual DFT, Electro-
philicity, Electroaccepting Power, Electrodonating Power, Periodic
Behavior, Neutral Atoms.

Resumen. Se examinan las derivaciones que llevan a la introduccion
de la electrofilicidad y de los poderes electrodonadores y electro-
aceptores. Se presta especial atencion al papel que juega el potencial
quimico del bafio en la definicidén de estos indices globales de reacti-
vidad. Se proporciona una explicacion alternativa al incremento de la
energia cuando el sistema dona electrones. También se muestra que el
modelo de las dos parabolas predice correctamente que no hay flujo
de electrones entre el sistema y el bafio cuando el potencial quimico
del bafio, p, se encuentra en el intervalo u= < p < u*, en acuerdo casi
completo con el teorema del ensamble a 0 K. Los poderes electrodona-
dores y electroaceptores de los atomos neutros en la tabla periddica se
evaluaron y utilizaron para explicar como se distribuyen estos indices
en el plano de poder electrodonador-poder electroaceptor.

Palabras clave: Teoria de reactividad quimica, teoria de funcionales
de la densidad conceptual, electrofilicidad, poder electroceptor, poder
electrodonador, comportamiento periddico, atomos neutros.

Introduction

The electrodonating and electroaccepting powers were intro-
duced by Gazquez, Cedillo and Vela [1] to extend the definition
of electrophilicity, a global reactivity coefficient, introduced by
Parr, Von Szentpaly and Liu [2] which in turn was inspired on
the work by Maynard et al. [3]. The electrophilicity has become
an important chemical concept that has increased the number
of tools available in Chemical Reactivity Theory (CRT)[4-6]
to help explaining the vast world of chemical phenomena. The
importance of electrophilicity can be appreciated by noting that
despite its youth, it has already been reviewed several times [7-
9]. Even though the appearance and usages of electrophilicity is
not free of controversy [10, 11], in recent years electrophilicity
and the electrodonating and electroaccepting powers have been
used as descriptors of several and diverse chemical situations
[12-27]. The definition of electrophilicity provided by Parr et
al. [2] rests in the very well known and widely used model
where the energy of a system is considered to be a continuous
and differentiable function of the number of electrons [28]. In
this model, that will be called the 1-parabola or the Parr-Pear-
son (PP) model, the differentiability assumption implies that
the response of a chemical species to the processes of donating
or accepting charge are the same. Even though the PP model
is in conflict with the ensemble theorem [29], in its almost 30
years of existence it has proved to be extremely useful to ex-
plain and understand several chemical concepts and principles.
In an effort to circumvent the differentiability issue, Gazquez,
Cedillo and Vela [1] proposed a 2-parabolas model that led
to the definition of the electrodonating and electroaccepting
powers. This model will be called the GCV model. The GCV

model incorporates the non-differentiability of the energy at an
integer number of electrons by assuming that it has a quadratic
behavior for fractional occupancies. This assumption does not
fully comply with the ensemble theorem, but it captures an
essential aspect of charge transfer of a species with an integer
number of electrons, namely, that it depends on the direction
of flow or, in more plain language, that receiving electrons is
different from giving them away.

In this work, and for the sake of completeness, a brief re-
view of the ensemble theorem and the 1-parabola (PP) model
are presented first, followed by a more detailed presentation
of the 2-parabolas (GCV) model, putting special emphasis in
the important role played by the particle reservoir or electron
bath in the definition of the electrodonating and electroaccept-
ing powers. It will be shown that the GCV model recovers
several consequences of the ensemble theorem that were not
fully shown in the original derivation, and provides a better
understanding of the physical meaning of these new global
reactivity coefficients. The last contribution of this work is to
present an analysis of the behavior of the electrodonating and
electroaccepting powers in neutral atoms, addressing the issue
of the relation between these indexes and the identification of
the regions in the electroaccepting-electrodonating plane where
one can locate species with different combinations of electro-
negativity and hardness.

The Ensemble Theorem

A fundamental theorem of electronic structure theory is the en-
semble theorem [29-31] that states that at 0 K, the dependence
of a size consistent property P with the number of electrons is
given by the expression
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P(N° + AN) =
—~AN P(N° = 1) + (1+ AN)P(N?), -1 < AN <0, (1)
(1-AN)P(N°)+ AN P(N® +1),0 < AN <1

where N0 is a positive integer and AN is the change in the
number of electrons. Eq. (1) simply tells that the function P(N)
is a continuous function of the number of electrons and it is
formed by a series of straight lines connecting the values of
the property at the corresponding integer number of electrons.
From Eq. (1), the derivative of this property with respect to the
number of electrons is

apP _
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=P(N°)-P(N° -1, N> -1 < N<N° (2

+

P(N® +1) - P(N°), N < N < N® +1

This expression establishes that, unless the property is a
constant, the derivative of this quantity with respect to the
number of electrons is discontinuous at all positive integers.
For the case of the energy and when the number of electrons
NO corresponds to the electrically neutral system, the derivative
is the chemical potential p, and from Eq. (2) one has the very
well known result

/’l =
u~ =EN® - EN°-1) = -1, <
ut=EN"+1) - EN% = -4, N°< N

where [ is the first vertical ionization potential and A is the
vertical electron affinity. For the sake of clarity, even though
the notation is self explanatory, the minus (-) superscript indi-
cates the derivative taken from the left of N and the plus (+)
for the right derivative. In physical terms, for a neutral system,
the left derivative corresponds to the cationic branch while the
right derivative to the anionic.

The 1-parabola (Parr-Pearson) model
In 1983, Parr and Pearson [28] introduced a model considering

that the change of the energy of a system with respect to the
change in the number of electrons AN is given by

AE(AN) = u®AN + 3 7°AN?, )
where
o __,0 _1+4
u X 5
n® =7-4

expression that is justified from the Taylor series expansion of
the energy as a function of the number of electrons and a func-
tional of the external potential, when the external potential is
constant and one keeps terms up to second order; the quantities
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%, n° and x° are the chemical potential, global hardness and
electronegativity, respectively, of the reference system, and /
and 4 have the same meaning as in the previous section. The
model provided by Eq. (4) is the 1-parabola or the Parr-Pearson
(PP) model. It must be noted that the definition of hardness used
in this work does not include the factor of ' originally used by
Parr and Pearson. In Eq. (4) one is making a crucial assump-
tion: the energy is a continuous and differentiable function of
the number of electrons, assumption that is in contradiction
with the ensemble theorem described in the previous section.
Putting this very important fact aside, Parr and Pearson showed
that Eq. (4) provides one way to prove the very well known
chemical principle of electronegativity equalization and serves
as the starting point to justify the principle of hard and soft
acids and bases [32]. In brief, even with its evident flaw, the
model proved to be an invaluable tool to understand and justify
many well known but empirical facts of Chemistry. Under this
model, consider a system that is in contact with a reservoir of
electrons (bath) that has a chemical potential p. On doing this,
there will be a charge transfer process that is driven by the
grand potential

AQ(AN) = AE(AN) — pAN = )
H°AN + 27 AN? — uAN
and, for a given chemical potential of the bath, the amount of
electrons transferred is obtained by minimizing Eq. (5) with
respect to AN. The solution of the equation AQ/OAN = 0, is
_ 0
av =228 6)

770

The change of energy associated with this charge transfer
that minimized the grand potential is

AE - cut = (u?)?

R T— (7)
2 7"

which is a concave upward parabola like the one depicted in
Figure 1. Clearly, when the chemical potential of the bath is

zero the energy change of the system is the most negative, i. e.,

AE 10,

—10!

Fig. 1. Plot of the change in the energy AE with respect to the chemical
potential u of the electron bath for the 1-parabola model. The values
are for the neutral fluorine atom. The energy is in eV and the chemical
potential in eV/electron.
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it is a minimum, and from Egs. (6) and (7), it corresponds to a
change in the number of electrons and energy given by

0
u
N ®)
n
and
042
AE gy = — LU ©)
n

respectively. Note that these two quantities become indepen-
dent of the properties of the surroundings (bath) and depend,
solely, on characteristics of the system. Eq. (9) motivates the
definition of the electrophilicity as

,le 12

=2 -4 10
PRET (10)

where y is the electronegativity and where the superscript 0
has been dropped. Thus, electrophilicity can be interpreted as
the negative of the minimum energy change that a chemical
system attains when it is in contact with a reservoir of electrons
and, as it was described above, this minimum is reached when
the chemical potential of the bath is exactly zero, fact that
was used by Parr, ef al. [2] in the original derivation. Accord-
ing to this definition, the most electronegative and/or softer
systems will become more stable by transferring charge from
the bath of electrons than those that are less electronegative
and/or harder.

The 2-parabolas (Gazquez-Cedillo-Vela) model

The model of the previous section assumes that the energy
is a continuous and differentiable function of the number of
electrons, which is in conflict with the ensemble theorem. This
fact has a tremendous impact in any charge transfer process
because it establishes that the amount of electrons transferred
in a chemical event is not the same when the system is donating
or receiving electrons. As it was mentioned before, the incor-
poration of this fact was one of the motivations to introduce
the 2-parabolas model. In this model, the change in the energy
associated with a charge transfer event is written as

AE—/+(AN—/+) — #—/+AN—/++%77(AN—/+)2’ (11)
where the superscripts are used to distinguish the direction of
charge transfer: minus (-) for the case of donation, and plus
(+) for the acceptance of electrons; the chemical potentials
u and u' are introduced to discern between the left and right
derivatives, respectively. This model does not comply com-
pletely with the ensemble theorem since the energy is not a set
of straight lines but a set of parabolas. However, it captures one
of its fundamental consequences, namely, that charge transfer
distinguishes the direction of electron flow. Proceeding in a
similar way as was done with the PP model, and considering
that the system is in contact with an electron reservoir with
chemical potential p, then, the direction of charge flow is gov-
erned by the grand potential

Angel Ulises Orozco-Valencia and Alberto Vela

AQ—/+(AN—/+) - AE—/+(AN—/+) _ ,UAN_H— —

= AN+ (AN @

and the charge transferred between the system and the bath
is obtained minimizing AQ~* with respect to the amount of
transferred electrons AN~"*. This minimization leads to
N e
g

expression that reduces to the 1-parabola result when u~ = y*
= 10, which simply corresponds to the assumption of differen-
tiability of the energy with respect to the number of electrons.
Note that to avoid a cumbersome notation, in this section the su-
perscript 0 has been dropped in the expressions for u, 1, and
7, but they correspond to the right and left first derivatives, and
to the second derivative, respectively, when one approaches the
corresponding integer number of electrons N°. Substituting Eq.
(13) in Egs. (11) and (12), one obtains that the change of the
energy and grand potential are given by:

(13)

2 2
A _H e
AE™T () = TRETE (14)
and
_ -1+ 2
AQ* (u) = _—(,u Zﬂ ) . (15)
n

Analogously to the PP model, it is clear from Eq. (14) that
the minimum attainable energy is obtained when the chemical
potential of the bath is zero, and this minimum energy is

_ (u'")?
AE I+ _ SLAE
MIN 2 n
which justifies the introduction (definition) of the electrodonat-
ing (@) and electroaccepting (w") powers:

(16)

w_/+ _ (,U_/+)2
2n

With these two global reactivity indexes the minimum

energy attained by a system interacting with a bath of electrons

can be simply expressed as

(17)

AE i = —o7", (18)

where it is clear that the change in energy is different for the
two possible directions of electron flow. The physical interpre-
tation of the electrodonating and electroaccepting powers goes
parallel to that of the PP model: they are the lowest attainable
energies of a system in contact with an electron reservoir when
one distinguishes between the directions of electron transfer.

One last ingredient is necessary to complete this model
and it is an assumption regarding the global hardness. From the
ensemble theorem [see Eq. (3)] it is possible to write the first
derivative of the energy with respect to the number of electrons,
i.e., the chemical potential, as

JE

ON U(N® + AN) = p= + (u* — u)O(AN), (19)
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where ®(x) is the Heaviside step function. Taking the derivative
of Eq. (19) with respect to the number of electrons and using
the fact that the derivative of the Heaviside function is a Dirac
delta function &(x), one is lead to

O’E

P NN + AN) = (u* = u”)S(AN),  (20)

which establishes that the second derivative of the energy is
zero, when the number of electrons is fractional, and diverges,
for all integer numbers of electrons. One cannot use Eq. (20) in
a continuous model, like GCV, but it can be used as a justifica-
tion to suggest that the hardness of the model is related to the
left- and right-derivatives by

n=p - 1)

which constitutes the last assumption of the GCV model.

Evaluating Eq. (11), for AN~ = -1 and AN* = 1, which
correspond to AE~ = [ and AE " = -4, respectively, and using
Eq. (21), one obtains that the left- and right-chemical poten-
tials in terms of the ionization potential and electron affinity
are given by

i ‘Zl;(“* 4), 22)

and

ut —i<1+3Ax (23)

expressions originally derived in the GCV model. Substituting
Egs. (22) and (23) in Egs. (17) and (21) lead to the expressions
for the electrodonating and electroaccepting powers in terms
of the ionization potential and the electron affinity [see Egs.
(12) and (13) of reference 1]. It is worth to underline that one
important difference between the GCV model and the ensemble
theorem rests, precisely, in Egs. (22) and (23), which are dif-
ferent from those predicted by the ensemble theorem and given
by Egs. (3). In this vein, one could be tempted to use Egs. (3)
in the definitions of the electrodonating and electroaccepting
powers, however, this is incorrect since the only way to recover
the ensemble theorem results is abandoning the quadratic na-
ture of the model.

One can gain a better understanding of the physical im-
plications of the model by plotting the changes in the energy
and the grand potential as functions of the chemical potential
of the bath, as depicted in Figures 2 and 3, where a particular
atom is used, fluorine in this case, but the results are general.
A first feature to be noted from Figure 2 is that the change
in the energy for the donating (-, red curve) process is more
negative than that corresponding to the acceptance of electron
charge (+, blue curve). This reflects the fact that more energy
is required to extract an electron from a neutral system than
from an anion, or that the successive ionization potentials have
the order -+ < Iy, < Iy < Iy < L. On can also note that there
are intervals of the chemical potential of the bath where the
charge flow helps to stabilize energetically the system. Thus,
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Fig. 2. Plot of the changes in the energies AE ~ (red) and AE * (blue)
with respect to the chemical potential u of the electron bath for the
2-parabolas model. The values are for the neutral fluorine atom. The
energies are in eV and the chemical potential in eV/electron. See text
for more details.

AE~" <0 in the intervals —u" < u < u”/* that correspond to
the donation/acceptance (red/blue curve) of electrons to/from
the particle bath. The most important feature related to the
definition of the electrodonating and electroaccepting powers is
that, independently of the direction of electron flow and from an
energetic point of view, the situation where the system becomes
more stable is when the chemical potential of the bath is null
(1 = 0). These minimum energies are shown in Figure 2 and
are used to emphasize their relation with the definition of the
electrodonating and electroaccepting powers.

Figure 3 has several very interesting implications that, in
the authors’ opinion, were not fully exploited in the original
GCV presentation of @™*. The grand potentials of the GCV
model corresponding to the donation and acceptance of elec-
trons from the reservoir are depicted in Figure 3. The first
aspect that must be appreciated is that both grand potentials
are always negative, indicating that the transfer of electrons
between the system (an open quantum system) and the reser-
voir is a process that always occurs spontaneously. The green

W W
AQ ] g

\

Fig. 3. Plot of the changes in the grand potentials AQ™ (red) and AQ"
(blue) with respect to the chemical potential u of the electron bath for
the 2-parabolas model. The values are for the neutral fluorine atom.
The grand potentials are in eV and the chemical potential in eV/elec-
tron. See text for more details.
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dashed branches are situations where the electron flow violates
its natural direction and, consequently, must be neglected from
the model. To appreciate this more clearly one can plot the
change in the number of electrons associated to each process
as a function of the chemical potential of the bath, as depicted
in Figure 4.

The straight lines shown in Figure 4 correspond to those
obtained by Eq. (13), and they can also be derived by using
the fact that the grand potential is the Legendre transform of
the energy with respect to the chemical potential and, conse-
quently, that AQ/Ou = —AN, which together with Eq. (15)
leads to Eq. (13). The slopes of both straight lines are the same
(they are parallel) and equal to the softness of the system S =
1/, and they cross the p-axis at 4 = ™%, points marked by
the small vertical arrows in figure 4. Considering these facts
and assuming that the model satisfies the inequality yu~ < u,
which follows from the satisfaction of /> 4 and Eq. (3), one can
identify the line at the extreme left in figure 4 with the dona-
tion process and the right one with the acceptance of electrons.
Focusing on the left line, it is evident that for y < y~ (the red
line segment in Figure 4) the number of electrons transferred
AN is negative but, for p > u~ (the dashed green segment, con-
tinuation of the red segment) AN is positive, result that is in
conflict with the expected direction of electron flow. A similar
analysis can be done with the accepting process except that
in this case the conclusion is that the segment with physical
reality is the solid blue segment that corresponds to the situa-
tion when the chemical potential of the bath satisfies that u >
1", and the dashed green segment has to be discarded. Thus,
coming back to the grand potential depicted in Figure 3, the
previous analysis allows one to discard the dashed green seg-
ments of the two parabolas and to establish that the change of
the grand potential of the GCV model consists of the solid red,
solid green and solid blue segments. Physically, the solid green
horizontal line predicts that when the chemical potential of the
bath is in the interval g~ < pu < y* there is no flow of electrons
between the open system and the electron reservoir. This fact
is in partial agreement with the prediction from the ensemble
theorem; partial, because the model assumes the existence of
the second derivative of the energy with respect to the number

Fig. 4. Plot of the changes in the number of electrons AN of the open
quantum with respect to the chemical potential u of the electron bath
for the 2-parabolas model. The values are for the neutral fluorine atom.
The chemical potential is in eV/electron. See text for more details.
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of electrons which in turn implies that g~ # —I and " # -4, as
was already noted above.

Relation between o and o

As it was mentioned in the Introduction, the electrodonating
and electroaccepting powers have been used to try to rationalize
several aspects of chemical reactivity, especially as an aid to
classify the behavior of several substances as potential antioxi-
dants or radical scavengers [17, 19-22]. Some of these attempts
have proposed the usage of plots of @™ vs. w*, and indeed it has
been possible to identify families of substances that will behave
in a similar fashion. In this section it is shown that some of the
observed behavior can be explained by means of the results
presented in the previous section and the intention is to provide
guidelines for a better understanding of this kind of plots.

Since very reliable experimental information about the
first ionization potentials and the electron affinities of neu-
tral atoms is available in the literature [33, 34] the discussion
herein presented is limited to these systems. The data used to
obtain the plots of this section is presented in Table 1. Surpris-
ingly, even though the electrophilicity, and the electrodonating
and electroaccepting powers have been evaluated for atoms,
to the authors’ knowledge, the only attempt to discuss its pe-
riodic behavior is that of reference [35]. The behavior of the
electrodonating and electroaccepting powers, together with the
electrophilicity is depicted in Figure 5. The first feature to be
noted is that, as it was predicted in the previous section, the
electrodonating power of an atom is always larger than the
electroaccepting power, difference that reflects the fact that
the ionization potential is larger than the electron affinity. One
can also see that the periodic behavior of the electroaccepting
power is very similar to that of the electrophilicity. Within a
row of the Periodic Table, the maximum value of these three
global reactivity indexes is found for the halogens, with the
addition of Helium. This observation allows one to establish
that halogens are the neutral atoms that become more stable
when they accept charge from the electron reservoir, and more
unstable when they give away electrons to the bath. Contrasting
with the maxima, the minima values within a row are different.
The minima in the electrodonating power are found for the al-
kaline metals and in the alkaline-earth metals for the case of the
electroaccepting power. This means that alkaline metals are not
stabilized much when they receive electrons while the halogens
become much more stable taking electrons from the bath, situ-
ation that agrees with the known behavior of these elements.
Care should be taken in the interpretation of @™ because, as it
was explained in the previous section, this channel of charge
transfer is not active until the chemical potential of the bath is
less or equal than y~, and as Eq. (14) predicts all transfer of
electrons from the open quantum system to the bath are ener-
getically unfavorable. Thus, when one is seeking for systems
with good electrodonating capabilities, one should look for
systems with small o~. That is, the lower the electrodonating
power the better its donation capabilities will be.

The foregoing discussion does not invalidate to try to es-
tablish a relation between w~ and w'. To this end, consider
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Table 1. Experimental values of the first ionization potentials (I) and
of the electron affinities (A) of the first 54 neutral atoms of the Periodic
Table that were taken from references 33,34. The electrodonating (®°),
electroaccepting (©*), and electrophilicity are calculated according to
Eqgs. (17) and (10), respectively, using its corresponding expressions
for the chemical potentials and hardness. All energies are in eV.

V4 Atom I A [0} o [0

1 H 13.60 0.75 8.40 1.22 2.00
2 He 24.59 0.00 13.83 1.54 3.07
3 Li 5.39 0.62 3.69 0.69 0.95
4 Be 9.32 0.00 5.24 0.58 1.17
5 B 8.30 0.28 4.94 0.65 1.15
6 C 11.26 1.26 7.67 1.41 1.96
7 N 14.53 0.00 8.17 0.91 1.82
8 (0] 13.62 1.46 9.21 1.67 2.34
9 F 17.42 3.40 13.81 3.40 3.86
10 Ne 21.56 0.00 12.13 1.35 2.70
11 Na 5.14 0.55 3.47 0.63 0.88
12 Mg 7.65 0.00 4.30 0.48 0.96
13 Al 5.99 0.44 3.82 0.60 0.93
14 Si 8.15 1.39 6.17 1.40 1.68
15 P 10.49 0.75 6.66 1.04 1.62
16 S 10.36 2.08 8.30 2.08 2.34
17 Cl 12.97 3.62 12.09 3.80 3.68
18 Ar 15.76 0.00 8.87 0.99 1.97
19 K 4.34 0.50 2.98 0.56 0.76
20 Ca 6.11 0.00 3.44 0.38 0.76
21 Sc 6.54 0.19 3.86 0.50 0.89
22 Ti 6.82 0.08 391 0.46 0.88
23 A\ 6.74 0.53 4.33 0.70 1.06
24 Cr 6.77 0.67 451 0.79 1.13
25 Mn 7.44 0.00 4.19 0.47 0.93
26 Fe 7.87 0.16 4.58 0.57 1.05
27 Co 7.86 0.66 5.10 0.84 1.26
28 Ni 7.64 1.16 5.59 1.19 1.49
29 Cu 7.73 1.23 5.73 1.25 1.54
30 Zn 9.39 0.00 5.28 0.59 1.17
31 Ga 6.00 0.30 3.67 0.52 0.87
32 Ge 7.90 1.20 5.78 1.23 1.54
33 As 9.81 0.81 6.35 1.04 1.57
34 Se 9.75 2.02 7.91 2.02 2.24
35 Br 11.81 3.37 11.15 3.56 341
36 Kr 14.00 0.00 7.88 0.88 1.75
37 Rb 4.18 0.49 2.88 0.54 0.74
38 Sr 5.70 0.00 3.21 0.36 0.71
39 Y 6.38 0.31 3.90 0.55 0.92
40 Zr 6.84 043 4.28 0.64 1.03
41 Nb 6.88 0.89 4.84 0.95 1.26
42 Mo 7.10 0.75 4.79 0.86 1.21
43 Tc 7.28 0.55 4.66 0.74 1.14
44 Ru 7.37 1.05 5.30 1.09 1.40
45 Rh 7.46 1.14 5.47 1.17 1.46
46 Pd 8.34 0.56 5.26 0.81 1.27
47 Ag 7.58 1.30 5.75 1.31 1.57
48 Cd 8.99 0.00 5.06 0.56 1.12
49 In 5.79 0.30 3.55 0.51 0.84
50 Sn 7.34 1.20 5.49 1.22 1.48
51 Sb 8.64 1.07 6.01 1.16 1.56
52 Te 9.01 1.97 7.47 1.98 2.14
53 1 10.45 3.06 10.01 3.26 3.09
54 Xe 12.13 0.00 6.82 0.76 1.52

He F Cl Br |
A A A

TTTITIRrTRTRNTRr TR TR RrreTe’”

Energy / eV

O LioaiesieipniprppnreTpaapnipnrparatn i Toopaipionsloarng
Li © F Mg P Ar 8¢ Ur Co In Az Kr ¥ Mo Rh Cd 5b Xe

Fig. 5. Electrodonating and electroaccepting powers from the GCV
model, and the electrophilicity defined by Parr, Von Szentpatly and
Liu for the first 54 neutral atoms in the Periodic Table. See text for
details.

expressing these reactivity indexes in terms of the electronega-
tivity, y, and the hardness, 1, namely,

27+ 1)?

- _Qx+m (24)
4n

NS S/

4n

Since I > A, the electronegativity and the global hardness

are positive and then, from Egs. (24-25) one has that o~ > o,

as it has been mentioned several times before. These last equa-

tions also allow one to establish that the relation between the

electrodonating and electroacepting powers is given by

w* (21— njz
@ - i 26
@~ 2y +n7 (26)

indicating that the plot of @" vs. @™ is a line that crosses the
origin with slopes given by Eq. (26). To identify regions where
systems of a given class will be located in the " — @™ plane
one can use Eq. (26) that suggests the existence of the follow-
ing 4 classes:

(25)

L »rn, = wT = 1. 27
@
+
II. y«n = — = L (28)
@
L. y=n = 2 _1 (29)
@~ 9
n o”
Iv. yr==, = = 0. (30)
2 @
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Fig. 6. The electrodonating and electroaccepting powers for the first
54 neutral atoms in the Periodic Table. The red and green lines have
slopes of 1 and 1/9, respectively.

Classes I and II show that sets of systems that are much
more electronegative than hard or that are much more harder
than electronegative cannot be distinguished and will be located
along the line with a slope of 45° in the " — @™ plane. Systems
belonging to class III are those with very similar electronega-
tivities and hardnesses; these systems lie along the line with
a slope of approximately 6.3° and, from the relation between
hardness and electronegativity with the first ionization potential
and electron affinity, one can see that the systems belonging to
this class are those with null electron affinities like the noble
gases, closed shells and half-filled shells. Class IV determines
the condition needed for systems to lie in the horizontal axis,
and one does not expect to have systems lying in this line
because the electron affinities corresponding to this line are
negative. Finally, it is important to recall that the condition w"
< @~ implies that the only region of the " — @™ plane that will
be occupied is the lower half triangle of the first quadrant. To
support the preceding analysis, the electrodonating and elec-
troaccepting powers of the neutral atoms in the Periodic Table
in the " — w™ plane are depicted in Figure 6. In this Figure,
the red line corresponds to systems belonging to cases I and
II, described above, the green line to those of class III, and the
horizontal (w~) axis to class IV. As expected, most of the neu-
tral atoms cluster in the region between the red and green lines.
There is no unique line correlating these two global indexes,
fact that supports the idea that one should try to group systems
having a common characteristic, like the conditions used in the
classes described above, before attempting any correlation of
these properties.

Conclusions

In this contribution we have revisited the derivations of the
electrophilicity introduced by Parr, ef al. [2] and of the electro-

Angel Ulises Orozco-Valencia and Alberto Vela

donating and electroaccepting powers introduced by Gazquez,
et al. [1], focusing on a presentation where one considers the
system under study as an open quantum system in contact, and
in equilibrium, with a reservoir of electrons. As it was shown,
there are no new results but, in the authors’ opinion, this presen-
tation clarifies some aspects of the original derivations of these
reactivity indexes. The approach presented here has shown
why, in both models, the definitions of these global reactiv-
ity coefficients appear naturally when the chemical potential
of the bath is zero, and it also provides an explanation to the
fact that in the 2-parabolas model the change in the energy of
the system, when it is donating electrons to the bath, is always
positive. It has also been realized that the GCV model accounts
for the fact that at 0 K an open quantum system in equilibrium
with a bath of electrons has no electron transfer when the
chemical potential of the bath, y, is in the interval p~ < u < u*,
in almost full agreement with the exact result. The quadratic
nature of the model manifests itself with the fact that —u~ and
—u* are different from the ionization potential and electron af-
finity, respectively. To explore in more detail the nature of the
electrodonating and electroaccepting powers, its behavior for
the first 54 neutral atoms in the Periodic Table was analyzed
and was used to rationalize the distribution of systems in the
@' — o plane. The authors hope that the results of this work
will encourage more researchers to use these global reactivity
coefficients in their attempts to correlate observed chemical
behavior with molecular properties.
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