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A theoretical study on the nature of bonding in several weakly bound radical cation complexes from second
and third row hydrides is presented. It is shown that characterization of a two-center three-electroBer 2c
bond based on its bond distance and binding energy may be misleading in many cases. It is also observed
that the ab inito quantum chemical bond order index cannot be taken as a definite signature-8édand.

Instead, it is suggested that appropriate localized molecular orbital need be used to test the presence of a
2c—3e bond. Localization of relevant molecular orbital in the-3e bonded systems also suggests that the
newly formed bond is of sigma character. Normal-mode analysis is performed to identify the stretching mode
in the 2c-3e bonded radical cation complexes. Geometry optimizations are carried out at MP2 and restricted
open shell Becke’s half-and-half (BHH) nonlocal exchange and-lYemg—Parr (LYP) nonlocal correlation
functionals (BHHLYP) with 6-3%+G(d,p) basis set. Hessian calculations are done at the BHHLYP level.
Excited-state calculations are performed following the configuration interaction with single electron excitation
(CIS) method, and the lowest optical transition wavelengths)(in the 2¢c-3e bonded complexes are reported.
BHHLYP functionals have been found to describe the-2e bonded systems well within the restricted open

shell formalism.

Introduction SCHEME 1

In gas-phase ionmolecule reactions of the type* A+ B, _]__‘ c"
first the ion (A™) approaches the molecule (B) as a result of -
long-range ior-dipole moment interactions until the repulsive

charge distributions of the electrons of both the ion and molecule
prevent a closer distanceag). The generated radical cation 1 7L max 1
complex (A-B*") can subsequently undergo rearrangement of At B

the atoms or groups of atoms to form another complex followed
by dissociation into different products. In this scenario, if a .
molecular radical cation (&) reacts with its parent (A), then —'C
the reaction proceeds through the formation of a dimer radical 0@ A ..B D@
cation (A"%). An important question lies in the nature of the
binding of these dimer radical cations or in general the radical of such a bond should be 0.5, and this type of chemical bond
cation complexes. Is there any chemical bond between the twobetween two atoms, A and B, is traditionally shown &s B
approaching heteroatoms? If a bond forms, what is the natureand also known as hemi bond.
of such a bond and how do we test the existence of such a Bond strength of a 2e3e bond is expected to depend on the
bond? Such information is very essential to understand gas-extent of p-orbital interactions. However, Baird pointed out that
phase ior-molecule reactions which are constituents of a variety the strength of a 2€3e bond does not vary linearly with orbital
of environmental changes. Such knowledge can be used tooverlap!®In the valence bond (VB) formalism, this interaction
understand free radical induced biological reactions in condenseds depicted as a resonance between two VB structuresBA:
media. < TA* :B. The energy of a 2e3e bond increases with the
There are many reports in the literature stating that a radical resonance energy, and the resonance energy is large if the two
cation with an unpaired electron in p orbital of a heteroatom VB structures are close in ener§yClark reported that the
gets stabilized by coordination with a free p-electron pair from strongest 2e 3e bond is expected between the systems with
another unoxidized heteroatom, thus making a new two-centerthe same ionization potential values; that is, the strongest 2c
three-electron (or 2e3e) bond—14 which was first described ~ 3e bonds are observed in dimer radical cations of the type
by Linus Pauling!> A simple molecular orbital representation (AJA)**.28°2L This is explainable as the energy difference
of this form of bonding can be described by the potential energy between the VB structures may be approximated as the
diagram in Scheme 1. The MO diagram suggests that the 2¢ difference between the ionization potentials of two counter-
3e bond energy should be approximately half that of a normal partst’ Radom and co-workers have provided additional insights
two-center two-electron bond (2@e), and the corresponding toward the understanding of 28e bonding behavior based on
bond should be much longer than a—Ze bond as the anti  their systematic ab initio MO studies on many-Ze bonded

bonding orbital is occupied by a single electron. The bond order Systems?2*McKee and co-workers have offered more knowl-
edge toward the understanding of-Ze bonding based on their
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halogen system®:31 Of late, a few additional ab initio studies  results from a systematic ab initio molecular electronic structure
have been reporté&®3including a report on a 2e3e bonded calculation and provide an in-depth analysis of-3e bonding.
complex involving an organic unsaturated systérowever,

the analysis of such bonding has been restricted to either throughTheoretical Approach

the knowledge of bond length or by binding energy. On many  previous reports have shown the importance of electron
occasions this may lead to a misjudged-2e bonded complex.  correlation for the correct description of such open shell
Bond order calculated following semiempirical quantum chemi- systemd823 The calculation of electron correlation by means
cal methods has been found to be a good indicator for the of M¢ller—Plesset perturbation at the second order (MP2) has
presence of such a bofd? However, there is no report in the  peen examined to be adequét®Ve have applied the MP2 level
literature on the validity of ab initio quantum chemical bond of theory to optimize the geometry of the most stable conformer
order between the two heteroatoms in such complexes to beof these radical cation complexes with the 6+31G(d,p) basis
used as the signature of a-28e bond. To the best of our  set. Dissociated unoxidized parts and radical cations are also
knowledge, no theoretical calculation is reported to provide a optimized at the MP2/6-3t+G(d,p) level of theory. A
clear picture on a 2e3e bond showing that it is originated by = complete search has been performed to find out the geometries
the head on overlapping of two p-orbitals and the newly formed of the most stable conformer of different radical cation
bond is of sigma character. This can be done by localization of complexes without any symmetry restrictions following the
appropriate molecular orbitals following one of the standard Gaussian 94 program systéfrSingle-point energies for all of
schemes of orbital localizaion. the open shell systems are recalculated at the same level of
The experimental characterization of-Re bonding has often  theory with MP2/6-31+G(d,p) geometry under restricted open
been indirect, and the transient optical absorption maximum Shell (ROHF) formalism to avoid any error in energy because
(Ama) is used as an indicator for such bonding. Sulfur-, nitrogen-, of the spin contaminated wave function. Becke’s half-and-half

and halogen-centered 26e bonded radical cation complexes (BHH) nonlocal exchange and the L-e¥ang-Parr (LYP)
are formed in solution and give rise to an extremely broad and Nnlocal correlation functionals (BHHLYP) have also been

structureless UV/visible absorption band from which indirect applied with the.(.3-3.1-+G(d,p) basis set for determining the
information on the nature of 2c3e bonds are obtaindd most stable equilibrium structure under the ROHF method as

o : : implemented in the GAMESS suit of prografirhe BHHLYP
Low-temperature matrix isolation and time-resolved pulse Imple ) 0 0
radiolysis coupled to an optical detection technique have often functional includes 50% Hartred-ock exchange, 50% Slater

been used to measure the absorption maximigay(in the exchange, and the additional correlation effects of the LYP

UVVisible region which corresponds to the eneray oap between functional, and this was found to provide accurate geometries
glon respon T9y gap bet for radical cation systent§.The bond order between two atoms
the doubly occupied bonding orbital and the singly occupied

. . ) , has been calculated by following the definition of Magy&®
o* antibonding orbital. Thiso/o* energy gap has often been ; : o .
correlated to the strength of a-28e bond. A I0WAmay value According to this definition, the generalized bond ord@gy()

between a pair of atoms (X and Y) is given b
indicates a large separation between the doubly occupéstd P ( )isg y
singly occupiedo* orbitals because of a strong interaction of s S
the corresponding p orbitals resulting in a strong-3e bond. By = Z( (DS)W(DS)V# + Z( G S).uv(D S)V.u
A direct measurement of the 28e bond strength has been pesve pesre
made following mass spectroscopic studies of gas-phase ion
molecule association equilibrium to measure the bond enthalpy

in intermolecular ,263?3?22318(1 sulfur- and halogen-centered o ngjty hecause of the core or the doubly occupied orbitls, D
dimer radical cationd”"31%*! However, these studies have o, resents that because of singly occupied orbitals, and S refers
been restricted only to a very few systems because of theyq the overlap matrix between two orbitals. Hessian calculations
inherent experimental limits. Moreover, the question remains 5re also done at the BHHLYP level of theory with BHHLYP/
to be. answered whether the complexes studied in th0596-31++G(d,p) optimized geometry to check the nature of
experiments were bound by a-28e bond or not. Electron spin  stationary geometries. The localized molecular orbitals play a
resonance (ESR) has played an important role in elucidating significant role in understanding chemical concepts such as
the nature of bonding in such systems by probing the degree ofponds, nonbonding electron pairs, core orbitals, and valency in
localization of the unpaired electrdfr.*4 This method has been terms of quantum chemical description of molecules. The
successful in indicating that the unpaired electron density is population-based procedure of orbital localizatfonas been
distributed equally on two sulfur atoms in the case of sulfur- followed at present, and the localized molecular orbitals of
centered 2e 3e bonded radical cation complexes. Very recently, interest are viewed as contour plots in different planes following
a real time probing of 2e3e bonded complex has also been the graphics utility of GAMESS. CIS (configuration interaction
performed following femtosecond laser spectrosctpy. with single electron excitation) calculations are done to find
In the present study, we have focused our attention to the out the excitation wavelength to excite an electron from the
fundamental aspects of bonding in these complexes from valencehighest doubly occupied bonding orbital to the lowest singly
parameters as well as localized orbital based analysis. In whatoccupied anti bonding orbitalof>0*) of 2c—3e bonded
follows, we will see that on many occasions the analysis of complexes with the BHHLYP/6-3&+G(d,p) optimized geom-
three electron bonded species based on bond length or bindingtry under ROHF formalism adopting GAMESS.
energy consideration does not give the correct identification.
We intend to find out the parameters which definitely indicate
the presence of a 268e bond in a radical cation complex and The geometry of the symmetrical {AA|**) and a few
can be used as the signature of such a bond. The bonding naturensymmetrical (A--B|**) radical cation complexes from NH
in a few radical cation complexes from the hydrides of second H,0, HF, PH, H,S, HCI, CHF, and CHCI have been fully
and third row elements will be presented on the basis of the optimized without any symmetry restriction at the MP2 and

where the one-electron density matrp (n AO basis has been
partitioned into D and B) D is the part of the one electron

Results and Discussion
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TABLE 1: Calculated Bond Distances and Other Molecular Properties of Radical Cation Complexes at Their Most Stable
Equilibrium Geometry

MP2/6-3H-+G(d,p)

total atomic spin BHHLYP/6-31++G(d,py previous report
Dag? density over atoms  pond order Dag? Dag?

species (A‘B) ras(A)  (kcal/molp A B (Bag) rae(A) (kcal/mol) rae(A)  (kcal/mol)
(HaN-+NHg)** 2.17 37.7 0.61 0.61 0.36 2.19 36.6 2.16 37.9
(H20:+OHy)** 2.04 43.3 0.55 0.55 0.50 2.04 39.9 2.04 43.1
(HF--FH)* 1.86 43.2 0.52 0.52 0.52 1.86 41.0 1.88 37.4
(HaP--PHg)*t 2.92 26.1 0.51 0.51 0.38 2.94 29.1 2.69 9.4
(H2S-SHy)*t 2.84 29.8 0.56 0.56 0.55 2.85 32.8 2.82 31.3
(HCI--CIH)** 2.65 29.0 0.52 0.52 0.50 2.68 32.8 2.65 31.3
(HsCF+FCHg)** 191 13.6 0.49 0.49 0.34 1.96 17.5 2.1
(H3CCl--CICHg)**" 2.63 30.4 0.51 0.51 0.45 2.66 31.0 32.0
(HaN--PHg)*" 2.25 325 0.21 0.81 0.43 2.28 34.2 2.30 36.6
(H20--SHy)*+ 2.46 21.7 0.05 1.05 0.16 2.42 23.7 23.8
(HCI--FH)* 2.45 15.4 1.01 0.02 0.14 2.34 17.7
(HsN--OHy)** 241 19.1 1.18 0.02 0.07 2.34 20.4
(H3N--SHy)"+ 2.44 375 0.37 0.77 0.44 2.46 314 2.44 333
(HaN--FH)"*" 2.47 12.0 1.20 —-0.01 0.0 2.42 12.7
(H3P--OHp)** 2.58 16.8 1.02 0.01 0.07 2.44 18.4 2.51 22.2
(HaP--SHy)** 2.81 21.6 0.64 0.41 0.48 2.84 24.0 20.8
(HaP--FH)* 2.83 9.7 1.04 —0.01 0.0 2.74 10.1 2.72 13.4
(HsCCl--CIH)** 2.62 16.0 0.74 0.28 0.42 2.71 18.2

aDag refers to the calculated energy for-B** — A** + B where A has lower electron population at the equilibrium structure of the complex.
b Restricted open shell MP2 energy calculated with MP2 optimized geoniéRestricted open shell resultsMP4 energy from ref 23 B3LYP
energy from ref 281 MP2 energy from ref 18.

BHHLYP levels of theory adopting the 6-3HG(d,p) basis the MP2 level except for the studied second row symmetric
set, and a few important calculated parameters are displayed inradical cation complexes and §N--SH]**. An earlier report
Table 1 for their most stable conformers. The hydrogen bonded showed the presence of spin contamination for most of the
complexes and the complexes leading to hydrogen atom transferadical cation complexes optimized at the MP2 level of thébry.
are excluded because the main objective of this study is to Thus, the present binding energies are calculated at the restricted
address the nature and characterization ef 3z bonding. All open shell MP2 level with the MP2 optimized geometries to
of the calculated parameters are shown in order, first for avoid error because of spin contamination for open shell
symmetrical systems and then for unsymmetrical ones. The mostsystems. For the sake of comparison, the previously reported
important geometrical parameter in these radical cation com- binding energies of the studied systems at the best level of theory
plexes is the distance between the two heteroatoms. These arare also displayed in Table 1. The binding energies are calculated
calculated at ab initio and less expensive density functional from the difference in energy of the complex and the two
theory and are displayed in Table 1. The corresponding fragments (one fragment is oxidized). For the unsymmetrical
structures with the heteroatom bond distances are depicted inradical cation complexes, the fragment with the heteroatom,
Figure la-r. The present calculated results on bond distance which has a lower population density in the complexed form,
indicate that, for the symmetrical systems, BHHLYP and MP2 is considered for the oxidized fragment in the binding energy
results are fairly close, and the largest difference is 0.05 A in calculation. We have failed to isolate any complex other than
the case of [HCF-FCH]**. In all of these cases, the distances the H atom transfer from [CH3FFH]*; hence, the calculated
calculated at the BHHLYP level are larger than that of the MP2 parameters for this system are not reported.
results. However, for the unsymmetrical systems, the calculated Now the important question is on the nature of bonding
BHHLYP distances are shorter than calculated MP2 distancespetween the two heteroatoms in these radical cation complexes.
for most of the systems with a maximum difference of 0.14 A The calculated bond distances between the two heteroatoms are
for [H3P--OH;]** and larger than that of MP2 distances for few |arger than the distances for respective single bonds, and their
systems with a maximum difference of 0.14 A forECl-- binding energies are also lower than the respective single bond
CIH]**. The previous reported MP2/6-311G(d,p) optimized bond energies in all of the cases. These are the two parameters
distances are close to the present BHHLYP or MP2 data exceptnormally being used to support the presence of-aRcbond.
for the [HsP--PHg]*" system where the reported distance between How good are they to describe such bond? Let us reexamine
two P atoms is too short. The earlier calculated MP2/6-31G(d) the bonding features in these complexes. The calculated total
bond distance between P and F in thefPHFH]"* system is  atomic spin densities over the two heteroatoms are tabulated in
close to the present BHHLYP value and shorter than the presentTable 1. In all of the symmetrical radical cation complexes,
MP2/6-31-+G(d,p) distance. For the Bi--OHZ]*" system, the  the spin density is calculated to be equally distributed over the
earlier reported bond distance between P and O at the MP2/two atoms. However, in the case of unsymmetrical radical cation
6_31D(d) level lies between the presel’l'[ MP2 and BHHLYP Complexes (A"B|.+), there is a wide range of difference in
level results'® It is to be noted that for all of the symmetrical  atomic spin density distribution over the two atoms. It is seen
systems of the type (A-A|*") a nonsymmetrical solution for  that the binding energy is more for the complexes where the
geometry has been tried by making the geometry in one unit of difference in spin density distribution is less. However, this
the two A units slightly different from the other. However, the parameter fails to provide a definite picture of-&e bonding
geometry has been converged to the symmetric structure.  and hence cannot be used as an indicator for-a32cbond.

The calculated binding energy for the radical cation systems Spin density distributions were used to provide some idea about
at the BHHLYP level of theory is always higher than that at the nature of bonding in 2e3e bonded complexes earlier
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a bond either of single or multiple nature. As it is described in
s 204 A 186 A the previous section, the formal bond order should be close to
G {H j) 0.5 in the case of a 2e3e bond. The equation proposed by

Lo ! Mayer to calculate quantum chemical bond order has been

successfully applied for normal bonelsThe same definition

has been applied for the present systems to calculate the bond
order between the two heteroatoms at the equilibrium geometries
of the radical cation complexes, and they are displayed in Table

1. The results show that in a few systems the calculated bond

L

a ] ¢
order is close to 0.5 and in the rest of the cases they are either
%2.91;\ o v 5 0 or close to 0. The systems for which the bond order between
the two heteroatoms is computed to be 0.5 or close to 0.5
(HP-PHy) (H:5..5H:) ™ ?H“-“H“ definitely suggest the presence of a-&g bond. Bond orders

between two N, P, and F atoms in the case ofNHNH3]*",
[HsP-PHg]*", and [HCF-FCHg]*" are less than the value
) intuitively predicted to be 0.5, which may be due to the
= e limitation in the definition of bond order index adopted. In the
Vige Yy ¥ case of [BN--OHg]**, [H3N--FH]*, [H3P--OH,]**, and [HP
*FH]**, the computed bond order between N and O/F or P and
O/F are 0.0, and this definitely indicates the absence of any
2c—3e bond in these complexes. However, assignment based
on bond length or binding energy (the criteria normally used in
the previous reports to describe such bond) fails to give the
correct picture in these systems. We now take up a few specific
systems for the analysis.
Sohsia : : . The calculated FCI bond length in [HCI-FH]"* is 2.45 A

g h g which is ~150% of the normal F£ClI bond length (1.63 A),
and the calculated binding energy is 15.4 kcal/mol which is
~25% of the normal FCI bond. In the case of [P--OH]*",
the calculated PO bond length is~157% of a normal PO
(HsN..OHy) ** bond, and the calculated binding energy~i$2% of a normal
P—O bond. The similar features can also be found in the case
of [H3P--FH]**. This analysis based on bond length and binding
energy apparently suggests the presence of -a32cbond
between two heteroatoms in these radical cation complexes as
was done in a previous repdft,and the present analysis
definitely predicts the absence of such a bond. So, we find that
computed bond order index can be applied to trace the nature
of bonding in these cases of weakly bound systems. However,
the computed bond order index also fails to provide a clear
picture on the nature of bonding for the complexesQHSH;,]**
and [HCF-FH]** as the computed bond orders between the two
heteroatoms are-0.15, which cannot speak definitely on the
presence or absence of a-2e bond. This may be due to an
inaccurate definition of quantum chemical bond order index
adopted at present. In a continuing effort to understand the nature
of 2c—3e bonding better, we now turn to other molecular
properties calculated for these complexes.

The highest doubly occupied molecular orbitals of the most
stable radical cation complexes are localized following a
population-based localization procedure and, the localized
orbitals are viewed as contour plots. These plots are shown in
Figure la-r. In the case of the symmetric radical cation

J " d complexes, the contour plots clearly show the head-on mixing
Figure 1. (a—r). Calculated structures with the bond distances between of p orbitals of the heteroatoms. This clearly tells that these
Cation complexes (H atom rangier complexes are excuded) atthe Mz <2 COMPIexes are bound by a-Zie hemi bond, and the
6-31++G (g,p) level of theory (upper parr)t). Contour plots of the highest newly fo""‘?d bond is ob character. Though the calculated
doubly occupied orbitals with the MP2/6-3%G (d,p) level optimized bond order '_ndexes are lower than the fo_rmal values expected
geometries (lower part). The interval between two successive contoursfor symmetrical 2e-3e bonded radical cation complexes from
is 0.05 Bohr3~2, NHs, PH;, and CHF, the localized orbitals provide a definite

picture on the presence of such a bond. When we move to the

though?6 Bond order is a powerful parameter that has intuitive relevant figures for unsymmetrical (AB|*") radical cation
support to the chemist’s way of visualization of a chemical bond. complexes, the important features are in the same direction with
This parameter has been successfully used for years to indicatevhat we find from calculated bond order indexes. There is no

B e |

(HCL.FH)
(Ha0..5H:) ™
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TABLE 2: Calculated Vibrational Frequency for the ) nm3 Because the magnitude of splitting between drend o*

?E;entgirt]ilgr? V“\/llg\(jg I(_);rt'lrg]ﬁhzi?l_?hee E?\;)ggt %TgtflgeEla?Jvi\lli%Sr}u?npucal orbitals is related to the degree of interaction between the orbitals

Geometry of the 2¢-3e Bonded Complexes from.the two heteroatoms forming the-28e bond, experimental
Amax iS Often taken to correlate the 28e bond strengths. The

BHHLYP/6- ini
present calculated values dpax for NH3 containing 2e-3e
ﬁ%m CISQSH?;*}[;—SS’M” bonded complexes (BMONHg]*", ([HsNOPHg]*", and
Vibrational 31++G(d,p) ([HsNO SHg]*") do not follow the same trend as suggested by
species AB frequency €M) Ama(MMp their calculated 2e3e bond strengths. RHontaining 2e-3e _
(HNDNH 220 550 bonded complexes also does not suggest any such correlation
(HiOD OHj)'* 465 345 betweep calculatedmax and bond str.engths. Hovyever, such
(HFO FH)y 512 690 correlations have often been traced with the experimental results
(HsPO PHg)+ 210 280 on Amax With the respective 2e3e bond strengths.
(H2SO SHy)** 215 355 (370)
HCIOCIH)* 240 730 i
(MCRPCH 390 1005 Conclusions
(ES(I\ZJ(D:EI—?SH3).+ 3‘511 ggg The nature of bonding between the two heteroatoms in several
gHEOD SHZ§'+ 570 306 weakly b_ound radlcal_ cation complexes from second and th_ird
(HaND SHy)* 313 275 row hydrides are studied. We found that the earlier characteriza-
(HsPO SHy)*+ 270 297 tion of a 2¢-3e bond based on bond distance and binding energy
(HsCCIOCIH)** 221 1140 may be misleading in many cases. It is observed that in most

a Optical transition wavelength from the highest doubly occupied ~ Of the cases the calculated bond order between the two
bonding orbital to lowest singly occupied orbital. ® Solution phase ~ heteroatoms in the complexes which are bound by-e32dond

experimental value from ref 3. is close to 0.5. However, this index has limitations and cannot
be used as a definite indicator to test the presence of-8&c
orbital overlapping in the case of jN--OH]**, [H3N--FH]**, bond. Localized molecular orbital provides a clear indication
[HzP--OH]**, and [HsP--FH]"* complexes. Moreover, the inthe presence or absence of a3e bond in all of the radical
relevant localized molecular orbitals for §8--SH;]*" and cation complexes studied. Localization of relevant molecular

[HCI--FH]* provide definite evidence on the absence of2c  orbitals in the equilibrium geometries of 28e bonded systems
3e bonding between the two heteroatoms. As seen from Figurealso suggest that the p orbitals are mixed head-on resulting sigma
1 parts h and i, there are no orbital overlapping, thus there is character of the newly formed bond. The frequencies for the
no question of any 2e3e bonding in the radical cation stretching mode of the 2€3e bond in such complexes are
complexes of [HO--SH,]*" and [HCk-FH]*". The computed reported. The lowest optical transition wavelengthgaf) in
bond order of~0.15 between ©S and C+F may be due to  the 2¢c-3e bonded complexes are also calculated, but these
inherent limitation in the definition of bond order suggest by results failed to give any correlation to the calculatee-2e
Mayer. Thus, a more general and accurate definition on quantumbond strengths. The calculated gas phasg value for the
chemical bond order is warranted to test the reliability of the lowest transition in [HSO SHy]** is lower than the experimental
analysis based on bond order indéx. solution phase value by25 nm. Becke’s half-and-half (BHH)
Hessian calculations are performed at the BHHLYP/6- nonlocal exchange and Le&ang-Parr's (LYP) nonlocal
31++G(d,p) level of theory to find out the frequencies for the correlation functionals (BHHLYP) have been found to describe
complexes that are bound by a28e bond as described above. 2c—3e bonded systems well under restricted open shell formal-
The normal-mode analysis is done, and the mode for the ism. It may be revealing to see the effectiveness of BHHLYP
stretching vibration between the two heteroatoms in the3zc density functional method to elucidate the nature of bonding,
bonded complexes is isolated. The calculated frequencies forproducing geometrical parameters, binding energies, and cor-
the stretching vibration mode of the-28e bonds are displayed  relating the solution phase experimental results available on
in Table 2. The calculated results show that the 2e bonded ~ many S-centered radical cation systems supposed to be bonded
stretching frequency is the highest for the [HIFH]** complex. by a 2¢-3e or hemi bond and of biological interest. Such results
The stretching frequency for the symmetrical radical cation With better insights will be presented in a future paper including
systems is predicted to increase from left to right in a row and excited-state studies on the lowest optical transition wavelengths.
to decrease from the second row to third row complexes in a
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