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Abstract—The relations were analyzed between the electronic chemical potential of a chemical group in
the ground state and the orbital chemical potential of its valence state, the latter being equal in absolute value
to its orbital electronegativity. These quantities should be equivalent for univalent substituents whose ground
electronic state can be described by one-determinant wave function allowing localization of molecular orbitals
in a closed shell. In this case, the orbital electronegativity of a chemical group can be calculated in terms of
nonempirical quantum-chemical methods. The results of the variation calculation of orbital electronegativities
of a series of univalent substituents gave rise to a quantum-chemical scale of group electronegativities which
may be used for testing of approximate calculation procedures.

The electronic chemical potential (CP) of an atomglectronic state of an atom, molecule, or radical
molecule, or radical species is defined by the follow-species in a given (not necessary equilibrial) geo-

ing formal mathematical expression: metric configuration of nuclei.
oF b= —[<tolH] . 3)
p= = 1) aN - O 0
oN v(r)

Unfortunately, Eq. (3) still provides no algorithm
where N is the number of electrons, andr) is the for calculation of electronic CP of a system. For this
electrostatic potential of nuclei, which depends on th@urpose, it is necessary either to formulate a rule for
charges and geometric configuration of the stationarjormal differentiation of the energy functional with
nuclear subsystem [1]. The quantitidsand v(r) are respect to the number of electrons or to develop
fundamental parameters of a rigid molecular systengalculation schemes which do not involve such dif-
with fixed nuclei whose settings determine theferentiation in the explicit form. It is now possible
adiabatic electronic Hamiltonian and hence stationaryy perform only approximate calculation of electronic
states of such system. The correspondence rule whighp by the quadratic interpolation formula
relates any givenN and v(r) to the ground state
energy Eg may be written in the form of the well- 1D+ Al
known variation principle of quantum mechanics for B 5
closed systems:

where | D and A are, respectively, the ionization
2 potential and electron affinity of the ground electronic

state of a neutral system, which correspond to vertical

processes occurring without change of geometric con-
which operates with the energy functional defined foffiguration [2].
some specified class of test wave functions. Hégt On the basis of formal analogy between the defini-
be a normalized test function which satisfies variatiortions of electronic CP and of atomic EN according to
principle (2) at a given potentia¥(r). In this case Iczkowski and Margrave [3], Pagt al. [4] postulated
definition of electronic CP (1) takes form (3), accord-that EN of any molecular system may be equated
ing to which the quantityu characterizes the ground to the absolute value of electronic CP:

<¥|H|P>

En(N,v) = inf
olNhv) =1 < | >
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ELECTRONIC CHEMICAL POTENTIAL AND ORBITAL ELECTRONEGATIVITY 625

1D+ A@ where ¥, and ¥, are degenerate one-determinant
e 4 wave functions of the ground state of a radical with
different spin projections. Equation (5) indicates that

It should be emphasized that Pat al. [4] con- the valence state energy of methyl group coincides

sidered EN to be a parameter of the ground electronif/!th the energy of its ground electronic state having
state: the authors did not raise the question so as e same geometry. The first ionization potential of

; i ; e ground state of methyl group is the energy of
how does Eq. (4) apply to such imaginary species aabstraction of unpaired electron. In keeping with

Eq. (5), it coincides with the ionization potential of
its valence state. Analogous reasonings also apply to
uents. However, the validity of such approach is nof'€ctron affinity. Then, in the independent species
obvious, and it requires special discussion. approximation, the orbital CP of methyl group (which
is the average energy of unpaired electron in Van

The approach is implicitly based on the assumption o5 yalence state) is equal to the electronic CP

that valence state of a substituent may be simulat%ir the ground state of methyl radical with the same
by the ground state of the same group of atoms ilaqmetric configuration of nuclei. This conclusion
a_nonequilibrial configuration reproducing standartee s 19 be valid for any univalent substituents,
geometry of the substituent in various moleculesy oiapiy except for two-atom groups like OH with
Strictly speaking, the above assumption is invalicy i) jegenerate ground electronic states. However,

from the chemical point of view, at least for the fol- 5o tension to substituents having two and more
lowing reason. A univalent substituent in d'amagnet"imsaturated valences is unlikely to be justified, for

molecules should possess a zero spin density, Which igs " energies of the ground and valence states of such

"Ystems, as well as of cations and anions derived

g : _ therefrom, do not coincide with each other.
Unfortunately, it is now impossible to speak un- g4 3¢ \we discoursed in terms of the independent
equivocally on the validity of using Eq. (4) for cal-

. _species model, for localized orbitals are the only point
- . ; : eIinking the chemical theory of covalent structures and
ourselves to superficial consideration of this problemy, oo\ m-mechanical description of stationary states

with methyl group as an example. The theory Ofy 5i0mg and molecules. However, from the variation
covalent structures implies that the ground electronlgiewpoint the RHF wave function is far from being
state of methyl group having a pyramidal configura-,

o ; . optimal. Therefore, it is unreasonable to absolutize
tion is desribed by a determinant composed of doubly/5, vieck’s model considering it to be something

occupied G-H bond orbitals and unpaired electron yagyriciing the level of variation calculation of orbital

orbital localized on the central atom. On a qualitativesp by interpolation formula (4).

Ievel_, such description is reproduced in terms of the Undoubtedly, electron correlation should affect
restricted Hartreé-ock procedure by a wave function electronic CP of a multielectron system. Insofar as

allowing localization of closed-shell molecular . . :
. ; . : n rrection ner r ken in
orbitals via appropriate orthogonal transformatlon.Correlatlo corrections to energy are take to

In the framework of Van Vieck's orbital model [6], account by the perturbation theory, they can be inter-

densiy matnces o valence state of methy grouf{S1°% 1 BT, 2 ieractons beveen localzed
can be built up from localized orbitals intrinsic to ) b

{:oncerning interpretation of correlation effects while
hybridization of the unpaired electron orbital is fixed estimating electronic CP by the interpolation proce-

. . " dure, and these effects can be considered in terms of
by the geometry and that it does not change in goin ' . D
fr)ém thg groung to valence state. Van Vlegk’s mgodegom perturbation theory and variation methods. We

T - L . 'presumed that orbital EN of a univalent substituent
:crgrp Iluerfs’glitr;[r;pdal\rlz?ere]z::eect:)ofn,thv;hlgrmljsp reosggunrsélbilf; equal to the absolute value of its electronic CP at

a mixed spin state. Hence thi-electron density any level of quantum-chemical theory and performed

: , nonempirical calculations of 26 univalent substituents
matrix for valence state of methyl group may be re'havingpvarious structures. Our main goals were
presented as follows: (1) to examine the effect of electron correlation on
orbital ENs of univalent substituents and (2) to draw
a nonempirical scale of group ENs and compare it

+ 1/2% (x) ¥ (X), (5) with Mulliken's spectroscopic scale.

substituents. This was done by Preift al. [5] who
were the first to make use of interpolation formula (4)
for variation calculations of orbital ENs of substit-

free radical having the same geometry.

D(x;x) = 1/2¥ (X)¥;, (X)
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626 ZUEVA et al.

Quantum-chemical calculations of orbital elec- bond lengths taken from [8]. The other geometric
tronegativities of univalent substituents.First of all, parameters were optimized by the Hartféeck proce-
we must choose the procedure, basis set, and initidure with the 6-311Gl,p) basis set. The calculations
geometric parameters for calculation )gf 5 by inter-  were performed using GAUSSIAN-94 program [9].

polation formula (4); it is convenient to rewrite the |n terms of the given approach we calculated orbital
latter in the form of Eq. (6): ENs of 26 univalent substituents (see TableZ are
given in eV). Comparison of the data obtained by
E(G") - EG) g the CCSD/6-311++G{p) and HF/6-311++Gi,p)
2 ' 6) methods shows that the effect of electron correlation
on orbital ENs of substituents can be taken into con-

Here, E(G+) and E(G_) are the electronic energies sideration by Scaling the values calculated by the
of radical cation and radical anion, respectively, calRHF procedure:
culated for standard geometric configuration of the cCSD HE
substituent. These quaties are the energies of %16 (eV) = 1.04 + 0.8 s (eV). (7
diamagnetic systems in the singlet state, which can _
be calculated by the RHF procedure with or without In such a simple way, the results of the coupled
account taken of electron correlation. Generallycluster method are reproduced with an accuracy of
speaking, the choice of the calculation scheme i9.3 eV which |s_qU|te SU.ffI'Clent in calculations of
optional; the only necessary condition is the use oEN. The corre_latlon COGﬁICIGnt for the two sets of
an extended basis set including diffuse functions fofluantum-chemical data is equal to 0.976.
correct description of anionic systems [7]. Thus, in the calculation of group ENs we can use

Proft et al. [5] calculated the energies of cationsthe RHF procedure with subsequent scaling of the
and anions derived from the corresponding radicals bgalculated values. The scaling coefficients depend
the CISD/6-31++Gd, p) procedure with account taken On the selected basis set and method of considering
of configurational interactions, using fixed standarcelectron correlation. Specifically, transformation (8)
geometric parameters. Both one- and two-electroff = 0.978) is valid for the 6-31++@(p) basis set [5].
replacements in one-determinant Hartiéeck func- cIsD HE
tion were considered. The procedure, basis set, and ef' ¢ (eV) = 1.13 + 0.8@; g (eV). (8)
geometric parameters used in [5] were optional since o o
no systematic study of the effect of these factors on Nonempirical scale of electronegativity. The
the resu|tingxl c was performed_ We examined the results of qua}ntum-chemlcal caIcuIa_Upns given In
role of the above factors in various combinationsTable 2 (eV)still do not form nonempirical scale of
with haloalkyl groups as examples. Analysis of theorbital ENs of substituents. In order to construct this
data in Table 1 showed that variation pf ; in the scale it is necessary to find such scaling transforma-
series of isovalence-substituted systems is qualitdion which converts quantum-chemical ENs from eV
tively reproduced with any basis set supplementet® Pauling’s thermochemical units (t.u.) as standard
by diffuse functions provided that electron correlationunits for measuring EN and comparing different cal-
is taken into account in one or another way. Withculation schemes. No such task was set in [5]. The
the use of standard geometric parameters, mutuaHthors restrict themselves to qualitative description
effects of atoms in a substituent can be taken int®@f the correlation between the results of their own
consideration only partially. As a result, 5 values calculations and known scales.
for substituents containing 3rd Period elements are Let us compare the data (eV) given in Table 2 with
overestimated (Table 1). The orbital EN of univalentspectroscopiqfe values obtained by us in [10] in

substituents strongly depends only on thend terms of the additivity approach based on Van Vleck’s
lengths between the central atom and other atomglence state model and principle of leveling of orbital
of the group; variation of the other parameters almostPs [see Table 2 in [10}3 ¢ values (eV) were cal-
does not affecty; . Our results led us to choose culated by Egs. (10)]. Obviously, quantum-chemical
the coupled cluster procedure CCSD/6-311+4,@) ENs of univalent substituents differ considerably from
with account taken of one- and two-electron excitaspectroscopic values. However, the deviations are
tions, using optimized geometric configuration ofsystematic and are likely to result from the orbital
nuclei which reproduced the geometry of AXub- compression effect which is not taken into account in
stituent in HAX, molecule. The optimal geometry of spectroscopic ENs and hardnesses of elements used in
AX,, was found on the basis of the experimentali)d the calculation of group ENs by the additive scheme

~

X1,6 ®
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proposed in [10]. The reason is that the originalTable 1. Quantum-chemical electronegativiti ’% of
formulation of Van Vleck's model reflects the con- alkyl and haloalkyl groups (eV)

cepts of 1930s, when interference and polarization
were believed to be the only electron coupling effects Group CISD CCSD
influencing the energy of covalent bond between @) 6-31++Gf,p)?
atoms. Detailed analysis of the energy of covalent (5] 6-31++G(l,p)?|6-311++G(,p)°
bonding [12] shows that these concepts are, generalty
speaking, inaccurate. Coupling of electrons is alway§Hs; 5.12 5.12 5.20
accompanied by compression of orbitals of the atom&H,F 4.97 5.01 5.18
being linked, which reduces the energy of the binding=HF> 5.25 5.30 5.44
electron pair. Just this effect provides the main conCH,CI 4.89 4.92 5.06
tribution to the energy of covalent bond. NonempiricalCHCl, 5.12 5.15 5.20
methods of quantum chemistry treat orbital compresCHzBr 5.01 5.05
sion with the aid of double or extended basis sets.  CHBI, 5.30 5.18
From the above viewpoint, hybrid orbitals of Van gﬂgcckb jgg j'gg
Vleck's atom are not atomic orbitals in the exaCtCHBrC:z 4.69 4.67
sense since they should reflect compression of atomic ' '

orbitals with regard to the number and multiplicities,
of bonds of the atom, i.e., depending on ¥alence ,
state. Therefore, expansion of Van Vleck's valence
state with respect to stationary states of the free atom
and hence estimation of orbital ENs and hardnesses
atoms from spectral data are not quite correct. Thi

is a probable reason for difference between spectro /

copic and quantum-chemical ENs of substituents. scal(;jt?zst?stz?ozgs) Vl)l_ '05 (70%08(';)5)]3)10'573 (C(:cl:?lsj[))])]arllf
According to our data, the difference between specshoyld be em’phfa.siz.ed that arrays of quantum-

troscopic and quantum-chemical EN of a given groug:hemical data necessary for determination of orbital

is determined mainly by the nature and valence statens of the above atoms are very limited. Therefore,
of the central atom, while the effect of its environmentthe given estimates are less reliable than for quadri-

in the group is insignificant. As an example, let usyalent carbon.
consider alkyl and haloalkyl radicals for which most Comparison of thq‘fi values thus obtained with

extensive quantum-chemical data are avgi(ljable. ABauling’s thermochemical atomic ENs (see Table 1

follows from Table 2, the quantityy s - x1,6 for i [10]; xS , values are given in parentheses) shows

univalent substituents like GRal, | is 3.1+0.3 €V  that quantum-chemical estimates of atomic ENs

when)((l'\”(f3 is calculated by the CCSD/6-311++@)  qualitatively reproduce the relations between ENs

or CISD/6-31++Gd,p) method. It is reasonable to of different atoms, determined by Pauling [11]. In

presume that the average value g% — 7 ¢ for  particular, the following EN series is observed for

CRHal,_, is determined mainly by orbital compres- both levels of quantum-chemical treatment:

sion of the central atom and that it can be used to

adjust spectroscopic EN of the atomt&@étete V,).* %1,P ® A1,c ® A1,s < %N < Y10

On the basis of the above assumptions we obtained

rough estimates of quantum-chemical EN of quadri- Thjs is not accidental, for any reasonable physical

valent carbon, which take into consideration orbitakcale of atomic ENs should correlate with Pauling’s

compression to a degree corresponding to the calculghermochemical scale which was derived in terms of

tion scheme used for determination of electronic CPa formal approach without using any valence state

In our cases the quantum-chemical EN of quadrivalentodel. Therefore, we accept that scaling transforma-

carbon is 4.9 eV. Analogous estimates (eV) can béions converting EN from eV to t.u. may be defined

as linear regressions of the quantj(&% with respect

" Hereinafter we used Van Vleck's valence state identificatorto P‘?‘L!“”g’s atomic ENs. Obviously, the regression
proposed by Mulliken [13], which indicates hybridizatiore (  CO€fficients should depend on the method of calcula-

denotes tetragonasp’; tr denotes trigonalsp?; anddi denotes ~ tion of quantum-chemical ENs. For example, scaling
linear, sp and valence state (V,) of an atom. transformations of orbital ENs calculated by the

Calculated using standard geometric parameters.
Calculated using optimized geometric parameters.

tained for tervalent nitrogen [Mftetete V,): 7.5
CSD), 7.9 (CISD)] and phosphorus atomssfppp,
/5): 4.5 (CISD)], as well as for bivalent oxygen
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628 ZUEVA et al.

CCSD/6-311++Gq, p) and CISD/6-31++Gd,p) and S&p°pp, V,). The reason is that corrections for

methods look as follows: orbital compression simultaneously eliminate errors
arising from over(or under)estimation of ttseorder
CCSD/6-311++, p): of hybrid orbitals of the above atoms.
4QC(tu) = 2.1 + 0.174°C(eV) — 2.8]; @) Turning our attention to additive formulas relating
orbital ENs of univalent chemical groups to valence
CISD/6-31++G(, p): state parameters of atoms {see Egs. (10) in [10]}, we

can see that group EN is affected mainly by errors in
7QC(tu) = 2.1 + 0.20f°%(eV) - 3.6]. (10) the determination of atomic ENs. According to the
data of [14], the dependence of diagonal orbital hard-
These transformations were derived from "mitednesses of Van Vleck's atom upos order of the
data samples which are now available. Thereforqnsaturated valence orbital is much weaker than
the coefficients depend on the sample used, and theyyajogous dependence for the orbital EN. Moreover,
are to be refined as new data appear. The correlatiqipital hardnesses are included in additive formulas
coefficients between quantum-chemical and thermoys dimensionless factors with an order of magnitude
chemical ENs of Van Vleck’s atoms are 0.986 for thept ahout 0.5. Therefore, therror in determination of
CCSD/6-311++GY,p) calculations and 0.975 for qrpjtal hardnesses of atoms should not exert an ap-

C|SD/6'31_++GG’|O)' . reciable effect on spectroscopic orbital ENs of sub-
Comparison of the quantum-chemical scale oktituents. As concerns orbital ENs of elements, their

group ENs with Mulliken’s scale is complicated by corrected values expressed in thermochemical units
the fact that the available spectroscopic values ofija the scaling transformation

orbital ENs and hardnesses of many elements have
been determined with the use of improper valence
state models, so that they should be refined. In terms
of Van Vleck's spectroscopic model, valence states . . _
of tervalent nitrogen and phosphorus atoms, as wefhould be s_lmllar to Pauling’s thermochemu_:al ENs.
as of bivalent oxygen and sulfur atoms, should bd ransformation (11) was drawn on the basis of the
built up from hybrid orbitals having a partislorder, ~data of [11, 14] for the states Bi(Vy), B(trirtr, Vy),
which reproduce standard geometric bond configurd=(tetetete V), F(sppp, V,), Si(tetetete V,),

tion of an element in its compounds. Unfortunately,CI(Spp°p, V;), and Br&p?p®p, V,), for which the
there are no published data for such valence statedegree of orbital hybridization has been determined
For this reason we used in the calculations spectrasnambiguously. With the above in mind we believe
scopic parameters of Mftetete V3) and O e’te’tete  that the error in determination of spectroscopic ENs
V,) with tetrahedral configuration and of #ppp V3)  of substituents by additive formulas proposed in [10]
and S§p”pp, V,) composed of nonhybridized orbitals may be reduced considerably through the use of
(see Table 1 in [10]). Insofar as Van Vleck’s orbitalatomic ENs recalculated from Pauling’s thermo-
EN sharply increases with increase in th@rder of chemical ENs by Eq. (11). Atomic ENs (eV) corrected
the orbital responsible for unsaturated valence, spe@n such a way were given in [10] (see Table 4 in the
troscopic ENs of Ng’tetete V,) and Ofe’te’tete  cited paper).

V,) are strongly overestimated relative to the thermo- Group ENs can be calculated both in eV with
chemical EN values of tervalent nitrogen and biva|en§ubsequent conversion to thermochemical units via
oxygen, while spectroscopic ENs ofsH{pp, V3) and  Eq. (11) and directly in t.u. by substituting atomic
SEppp, V,) are underestimated relative to the correENs (t.u.) and orbital hardnesses of atoms (eV) into
sponding thermochemical values. According to thdegs. (10) from [10]. The resulting spectroscopic ENs
data of [14], the use of hybrid orbitals reproducingof univalent substituents are given in [10] (see Table 5
standard bond configuration ensures negligible distherein). In the present article, Table 2 contains
crepancy between the spectroscopic and thermochemuaantum-chemical ENs (t.u., in parentheses) obtained
ical ENs of nitrogen, oxygen, phosphorus, and sulfurby nonempirical variation procedures using interpola-
It is interesting that quantum-chemical ENs of ter-tion formula (6). The Hartred=ock ENs were scaled
valent nitrogen and phosphorus and bivalent oxygehy Egs. (7) and (8) in order to take into consideration
and sulfur are consistent with Pauling’s thermo-electron correlation effect. The quantum-chemical data
chemical values much better than are spectroscopwere converted from eV to t.u. via scaling transforma-
ENs of Nte’tetete Vs), O(te’te’tete V), PEppp Vo),  tions (9) and (10).

wS(tu) = 2.1 + 0.445(eV) - 7.2] (11)
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Table 2. Quantum-chemical electronegativitigg% of univalent substituents in eV and t.u. (in parentheses)

Substit- Substit-
sent (G) CCSD? CISDP HFC HF sent (G) CCSD? CISDP HFC HF

CH, 5.20 5.12 4.41 4.41 ||CHCH, 5.24 5.18 4.71 4.74
(2.51) (2.40) (2.46) | (2.31) (2.51) (2.42) (2.51) | (2.36)
CH,F 5.18 4.97 4.72 457 |cHO 4.55 4.55 4.54 4.65
(2.50) (2.37) (251) | (2.34) (2.40) (2.29) (2.48) | (2.35)
CHF, 5.44 5.25 5.23 5.08 |cocCl 5.69 5.73 5.73 5.89
(2.55) (2.43) (2.58) | (2.42) (2.59) (2.53) (2.66) | (2.55)
CF; 6.30 6.24 ||COCH, 4.29 4.18
(2.64) (2.60) (2.24) (2.27)
CH.CI 5.06 4.89 4.77 4.68 |[CONH, 4.67 4.63
(2.48) (2.36) (252) | (2.35) (2.31) (2.34)
CHCl, 5.20 5.12 5.10 5.10 ||COH 5.77 5.86 5.71 5.91
(2.51) (2.40) (2.56) | (2.42) (2.60) (2.55) (2.66) | (2.55)
CCly 5.53 5.58 |[[CO,CH, 5.48 5.50
(2.49) (2.50) (2.48) (2.48)
CH,Br 5.05 4.81 CCH 8.36 8.21 8.12 8.05
(2.48) (2.52) (3.05) (3.02) (3.02) | (2.89)
CHBr, 5.18 5.09 CN 8.84 8.63 9.57 9.54
(2.50) (2.56) (3.13) (3.11) (3.24) | (3.13)
CH,CHj 4.49 4.42 3.73 3.75 ||SiHg 4.61 4.22
(2.39) (2.26) (2.36) | (2.20) (2.30) (2.28)
CHFCH, 4.68 4.16 NH, 6.21 6.16 5.34 5.33
(2.42) (2.42) (2.68) (2.61) (2.60) | (2.46)

CHCICH, 4.65 4.25 NHCH; 5.20 4.43

(2.41) (2.44) (2.51) (2.46)
CHBICH, 4.67 4.31 NO, 7.84 8.61
(2.41) (2.45) (2.95) (2.98)
CH,OH 4.24 4.14 3.79 3.80 ||PH, 5.05 4.71
(2.34) (2.21) (2.37) | (2.21) (2.39) (2.26)
CH,OCH, 4.11 3.67 OH 6.95 5.59
(2.32) (2.35) (2.77) (2.50)
CH,SH 4.26 4.15 4.02 4.01 [|OCH, 6.84 5.73 6.24 4.57
(2.35) (2.21) (2.40) | (2.25) (2.79) (2.53) (2.74) | (2.39)
CH,SCH, 4.02 3.76 SH 5.69 5.14
(2.31) (2.36) (2.52) (2.43)
CH,NH, 3.50 3.39 3.02 3.05 |SCH, 5.88 4.99 5.58 4.40
(2.22) (2.06) (2.25) | (2.09) (2.62) (2.38) (2.64) | (2.31)

CCSD/6-311++G4, p); optimized geometric parameters.
CISD/6-31++G{,p); standard geometric parameters [5].
HF/6-311++G(, p); optimized geometric parameters.
HF/6-31++G(,p), standard geometric parameters [5].

a o T o

The data in Table 2 indicate thgﬁ% values cal- account of electron correlation, gives almost the same
culated by the CCSD/6-311++&{) and HF/6- results as those obtained by the coupled cluster proce-
311++G@,p) methods using optimized geometric dure involving one- and two-electron replacements.
parameters of substituents coincide within G.i.  An analogous conclusion can be drawnj@evalues
Thus the RHF calculation of orbital ENs of univalentcalculated by the CISD/6-31++@&p) and HF/6-
substituents, followed by scaling via Eq. (7) to take31++G(, p) [5] with the use of standard geometric
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parameters of substituents. As in the previous caswhich converts orbital ENs calculated by the HF/6-
scaling of the RHF values reproduces those obtainesil1++G(,p) method to thermochemical units with
by direct calculation with an accuracy of 0.1.6. simultaneous correction for electron correlation. In

Group ENs calculated by the CCSD/6-311+¢@) keeping with our data, the results of calculation of
and CISD/6-31++G{,p) procedures coincide within group ENs by the above relatively simple scheme
0.15 t.u.except for OCH and SCH groups for which almost do not differ from the EN values obtained by
the discrepancy increases to 012%. This may be due the CCSD/6-311++QG,p) procedure. The linear
to the fact that Profet al. [5] followed the formalistic scaling method can also be applied to description of
postulate [4] that EN of any molecular system isorbital compression in terms of Van Vleck’s valence
equivalent to the absolute value of its electronic CPstate model. As follows from the data in Table 2,
they considered ionization of OGHind SCH groups the effect of orbital compression on orbital ENs of
to the lowest triplet state using the unrestrictedatoms and substituents (expressed in eV) can be taken
Hartree-Fock procedure for calculation of cations.into account by scaling of the spectroscopic values
By contrast, we leaned upon Van Vleck's valenceusing the following formulas:
state model and considered cations in a hypothetical

singlet state with doubly occupiep orbital of the CCSD/6-311++Gd, p):

central atom, which corresponds to vertical ionization

of the radical valence state. vQCeV) = 2.8 + 2.35{5(eV) - 7.2];
Finally, let us consider spectroscopic ENs of uni-

valent substituents, calculated by the additive scheme CISD/6-31++Gd, p):

{Egs. (10) in [10]} from refined values of orbital ENs
of elements. As reference, we select nonempirical
roup ENs calculated by the CCSD/6-311+4 . L
grocgdure, which is they most rigorous amoﬁ}gjg0 the These formulas are obtained by combination of
variation approaches used. Table 2 shows that spegd- (11) with scaling transformations (9) and (10),
troscopic and quantum-chemical ENs coincide withif®SPectively. The conclusion clearly follows from the
0.1 t.u. for 20 of the examined substituentsgreater fact that spectroscopic and quantum-chemical ENs
deviation is observed only for difluoromethyl grOup,of'un_lvaler)t substituents, expressed in t.u., almost
for the principle of leveling of orbital CPs of a bond coincide with each other. It should be noted that our
slightly overestimates the effect of & bonds on results emphasize once more the significance of
orbital EN of the central atom in the series of fluoro-Pauling’s thermochemical units as standard units for
substituted methyl groups. measurement of EN, which do not depend on specific

A good agreement between the spectroscopic arfietails of the calculation scheme and valence state
quantum-chemical data supports the assumption th odel. Therefore_, these units are the most convenient
orbital EN of a univalent substituent may be equatedo’ comparing different scales of group ENs and
to the absolute value of electronic CP of its g'roundamalyzmg mode_ls_ and methods used in the calculation
electronic state and can be calculated by nonempiric&f €lectronegativity.
variation methods of quantum chemistry using inter- An important point is that the above conclusions
polation formula (6). The calculations can be pershould be regarded as preliminary since scaling trans-
formed by both coupled cluster procedure and RHFormations (9) and (10) were derived from small
method with an extended basis set including diffusarrays of data and, strictly speaking, they are not
functions. In the latter case, corrections for electrorstatistically reliable. Moreover, additional refinement
correlation (eV) are introduced through linear scalings necessary for spectroscopic values of orbital ENs
of XTFG which can be included in the scaling trans-and hardnesses of atoms, which are used in the cal-
formation converting quantum-chemical ENs toculation of group ENs by additive schemes. Extension
thermochemical units. A combination of Eq. (7) with of the array of quantum-chemical data and determina-

+QCeV) = 3.6 + 2.00{5(eV) - 7.2].

the transformation tion of spectroscopic parameters of atoms in all Van
Vleck’s valence states intrinsic thereto are the most
xCCSD(tu.) = 2.1 + 0.174CCSPev) - 2.8] urgent problems in the field under study at present
stage of its development.
[see Eq. (9)] gives the scaling transformation This work was financially supported by the
St. Petersburg Competitive Center for Fundamental
HFtu) = 2.1 + 0.155"F(ev) - 2.0], Natural Sciences and by th&Materials and
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