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Gaseous GI" ions were obtained by two convenient routes, namelyt@insfer to chlorine from GH* or

Cly" ions, whereas GF" was prepared upon fluorination of chlorine by XeFhe structure and the stability

of the trihalogen cations were investigated by reactive probing, utilizing FTICR mass spectrometry to survey
their reactivity, in particular Cltransfer processes toward selected nucleophiles. The structure, relative stability,
and dissociation enthalpies offland CLF" were investigated by computational methods based on density
functional theory up to the CCSD(T)/cc-pVQZ//B3LYP/6-321G(3df, 3pd) level. The results show that an

A; singlet of C,, symmetry is the global minimum on the £lpotential energy surface. Consistent with
earlier results, the asymmetric bent {@I—F]*, also an A singlet, is more stable by 44.3 kcal méhat 298

K than the symmetric isomer of [EIF—CI]* connectivity. By combining theoretically computed dissociation
enthalpies with available thermochemical data the heats of formationzofa@d CLF' cations, in their
ground state, can be estimated to be 25%.5 and 245.0+ 5 kcal mol! at 298 K. Comparison of the ClI

and F binding energies to simple halogenated molecules shows an excellent linear correlation, which is not
the case when the comparison is extended to the proton affinities. The different factors that influence the
stability of protonated and halogenated adducts are briefly discussed.

Introduction Experimental Section

Decades of experimental and theoretical work have yielded FTICR mass spectrometry. All the gases and the other
a rich harvest of information on homo- and hetero-trihalogen chemicals utilized in the FTICR experiments were research-
cations, in particular Gt and ChF*, whose interest stems, inter grade products from commercial sources with a stated purity
alia, from their role in electrophilic halogenatiérf The in excess of 99.99 mol % and were used without further
structure of CJF* has been the focus of a lively controversy pur|f|_cat|or_1. HC_IN and Hywere obtained from the reaction of
fueled by conflicting evidence on the relative stability of the ;ﬁ?{;'r%ig'du;’\i’:g gcél;lus:rd S’\;l)aedglt/rat\)llc,;?: :sgfrgggnifsg’ﬁ;eem
Cl—CI—-F]* and [CHF—CI]* isomers’~1* The Ck" and CHF*+ . : Lo '
E:ations hllve béen charl\cterized in the sot:id statelz by '[heeqUIpped with an external chemical ionization (Cl) source, a

) - i pulsed valve, a cylindrical ‘infinity’ celly and a BayaretAlpert
spectroscopic study of their AgF salts, but are unstable in jgi7ati0n gauge, whose readings were corrected for its different

solution, even in superacid medi&.n striking contrast with sensitivity to the gases usétiThe ions generated in the external
the wealth of information gathered in condensed phases, veryjon source were transferred into the ICR cell and isolated by
little is known on gaseous trihalogen cations, except for the the standard procedure based on the “soft” ejection of all the
detection of G§* as a secondary, unreactive product reported unwanted ions, care being taken to prevent appreciable excitation
in a study on the reactions of rare gas ions with.'Cl of the selected species. When required, the ions were thermalized
As a continuation of a previous study on hydrohalonium by collision with Ar introduced for a short time (20_ms) via the
ions2® we have investigated the formation, structure, stability, PulSed valve to a peak pressure of ca.*Lorr. The ions were
and reactivity of gaseous £1and ChF* ions by FTICR mass then_ aIIovyed to react _W|th the neutral reagent continuously
spectrometry and theoretical methods. An additional motivation admitted into the cell in order to reach stationary pressures

) . ) ) . ranging from 1 x 108 to 4 x 1077 Torr. The pseudo-
for this study is the potential value of its thermochemical results . .
. . . unimolecular rate constants were derived from the slope of the
to the evaluation of the ClI affinity of simple molecules

- . - ) plot of the experimental intensities vs the reaction time. The
containing halogen atoms, and its correlation with other relevant p; o ey jar rate constants were then calculated taking into
quantities, such as ‘Faffinity, ionization potential (IP), and  5ccount the number density of the neutral molecules, deduced
proton affinity (PA). from the pressure in the cell. Finally, the collisional efficiencies
were evaluated by dividing the bimolecular rate constants by
* Author to whom correspondence should be addressed. E-mail: the collision rate constanksy, estimated using the ADO theory,

dePetris@axrma.uniromadl.it. or the trajectory algorithr#?
T Dipartimento di Studi di Chimica e Tecnologia delle Sostanze Bio- . . . . .
logicamente Attive dell UniversitdLa Saprenza’. Computational Details. Density functional theory, using the
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points of the investigated systems and to evaluate vibrational TABLE 1: CI * Transfer Reactions from Cls* and Cl,F* to
frequencies. Single point energy calculations at the optimized Gaseous Nucleophiles

geometries were performed using the coupled-cluster single and  nucleophile (o1 ClF*
dpuble ex_citgtion methéé_lwith a perturbational estimate of the H, no very slow
triple excitations according to the CCSD(T) appro&tiero HCl no slow
point energy (ZPE) corrections evaluated at B3LYP level were Xe no slow
added to the CCSD(T) energies.€rl K total energies of the Clz fast
species of interest were corrected to 298 K by adding transla- gg“ ffastt fast
tional, rotational, and vibrational contributions. The absolute CH:CN f;‘; fzgt
entropies were calculated by using standard statistical HCN fast
mechanistic procedures from scaled harmonic frequencies and C.H, fast
moments of inertia relative to B3LYP/6-31+H#G(3df,3pd) HN3 fast
optimized geometries. All the B3LYP calculations were per- CoHa no
formed using the 6-311G+(3df) basis set* whereas the “5'3 fcahsatlr o transfer
CCSD(T) calculations were done using both the 6-3t#G NF; g no
(3df,3pd) basis set and the cc-pVQZ correlation-consistent N,O no
polarized valence set developed by Dunning and co-worRers, N2 no
the choice of the latter sets being suggested by the results of 0, no

CeHs charge transfer

previous calculations of the PA of £and CIF6 For the excited
states of G, CI-CI-F*", and CHF-CI*, the CCSD(T) aThe efficiencies of reactions are classified on the basis of their
calculations were performed using only the smaller basis set. coefficients as follows: fask(> 107** cm® st molecule™®), slow (10
All calculations were carried out utilizing Gaussian 94. ;o:(eczlellgrm cm® st molecule?), very slow k < 10 cn¥

Experimental Results source must be traced to those Clions that are formed with

Cls*. The ion was generated in the external CI source of the excess internal energy in the primary electron-impact ionization.
FTICR spectrometer, operated at pressures up té T0rr, by The reactivity of C4* toward selected nucleophiles, Nu, was
two alternative reactions, whose product was unambiguously surveyed by monitoring the occurrence of the"@ansfer
identified by accurate mass measurements. reactions

The first route utilizes GH™, conveniently obtained by C}1
Cl of Cl, and recently characterized as an effective gaseous
chlorinating agenrf

Cl;" -+ Nu— NuCI" + Cl, (3)

and measuring their rate coefficients. To this end;"Gbns,
1) generated in the ion source by reaction 1 or 2, were isolated
and transferred into the resonance cell containing the nucleo-
phile. Reaction 3 does not occur when the nucleophile is
characterized by a Claffinity lower than that of GJ, or by a
low ionization potential, which allows predominant charge-
exchange.
Cl,F*. In the condensed phase;Et has been obtained from
the coordination of Cl to CIF7® We followed a different
synthetic route, based on the oxidative fluorination process

Cl,H" + Cl,— Cl," + HCI

This formation pathway of Gf, first observed as a side
reaction in the study of the prototropic equilibrium involving
Cl, and HCI® was firmly established by allowing the 1"
ion, prepared in the external source and isolated by selective-
ejection techniques, to react with chlorine in the resonance cell.
Reaction 1 is relatively fast, its rate coefficient being 2.6.3
x 10710 cm? s7 molecule at 298 K, which corresponds to a
collisional efficiency of ca. 30%®

Cl;* ions are formed as well in the CI of neat chlorine
according to the process

XeF" + Cl,— CLF" + Xe (4)

corresponding to a formal *Ftransfer from Xe to Gl As
recently reported? XeF" is the most abundant ion in the ClI
spectra of Xek; and the XeK/Cl of Cl, yields CbF" ions, whose
isotopomers were unambiguously identified by accurate mass
furthered by Ci**, the most abundant primary ion. Consistent measurements. A recently computed scale of the oxidizing
with the endothermic character of the process suggested bystrength of some fluorinatol® predicts reaction 4 to be
previous observatior®,FTICR experiments showed that,Cl energetically favored owing to the highet Effinity of chlorine
ions produced in the external source, isolated and thermalized,than of xenon. Actually, reaction 4 does occur, albeit at a slow
react with C} at a very low rate, pointing to the presence of a rate, its measured rate constant amounting tat3065 x 1011
sizable barrier to reaction 2. Its endothermic character was cm2 s molecule’?,3! whereas the reverse process, i.e., the
verified by utilizing a technique whereby the translational energy reaction with xenon of GF* ions prepared in the external source

of the reagent ions is increased by the application of a radio was never observed, the only process occurring being instead
frequency signal at the appropriate cyclotron frequency. The the CI--transfer

translationally excited ions are then allowed to interact with
the neutral reagent for a chosen period of time, followed by
detection of the charged produétsin the case of interest,
application of the above technique showed that the rate of This observation is consistent with the general reactivity of
reaction 2increaseswith the kinetic energy of Gi* ions, Cl,F*, that behaves as a Cldonor to various nucleophiles
consistent with the trend typical of endothermic processes. (Table 1).

Accordingly, we conclude that reaction 2 is moderately endo-  CI* lon-Transfer Reactions.The study of the Cl exchange
thermic for ground-state reagents, and its occurrence in the Clprocesses

Cl,™" + Cl,—Cl," + Cl 2

Cl,F" 4+ Xe— XeCI" + CIF (5)
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NuCI™ + Nu, — Nu, CI™ + Nu (6) TABLE 2: CI* Transfer Reactions from NuCI* lons to Nuy
1 1 Nucleophileg
was extended to several nucleophiles in the attempt to evaluate H. HCI Xe Ck CHs CO CHCN NHs
their relative Ct ion affinities. A quantitative study is hampered  cl,F+ slow yes vyes vyes yes
by several factors that prevent accurate measurement of theH.CI* no no
required thermochemical quantities, namely the Ginding ClH* yes yes yes yes yes
XeClI* no yes

energies (BE) to the neutral ligands. Application of the most Clt no ho. no es  ves es es
reliable approach, the FTICR equilibrium-method, is prevented Cl?|4CI+ no y n)é n)c; 4

by the excessive spacing of the BE of the nucleophiles cocr no no yes yes
investigated. This prevents as well the evaluation of Kge CHsCNCI* no no yes
equilibrium constant according to the kinetic method, from the NHzCI* no no no

ke/k-¢ ratio of the rate coefficients for the forward and the  aThe efficiences of reactions are classified on the basis of their
reverse Ct transfer processes. Even the less accurate “bracket-coefficients as follows: fask(> 1071t cm?® st molecule®), slow (10

ing” approach is adversely affected by the incursion of side > k < 107° cm® s™* molecule’®), very slow k < 107t cm® st
reactions, in particular charge exchange. Since, however, themolecule™).

“bracketing” technique appeared the only viable approach,

FTICR experiments were undertaken whereby Nu@ns atom as the central one. A later study reversed the above

generated in the external source, collisionally thermalized and conclusion, providingéaevidence for the higher stability of tr_'e
mass-selected, were allowed to react with the other nucleophile,""symmem(f:S structure; also supported by high-level theoreti-

Nu:. Occurrence of reaction 6, or of the reverse process in a @ calculations: The chiorinating ability of G apparent
mirror experiment involving the reaction of NDI* ions with from Tables 1 anq 2 IS not particularly mfoJrrmatNe from the
neutral Nu molecules, provides a criterion to establish which strlic.tural standpoint, since both the {&I—F]* and [C-F—
nucleophile has the higher CBE. Systematic application of Cl]* isomers are expected to undergd €ansfer. Nevertheless,

the “bracketing” technique led to the qualitative results sum- the Specific reaction pathway (4) followed to generatg=Cls
marized in Table 2. expected to form ions retaining the-&CI bond present in the

Cly precursor. Therefore the ion assayed in our mass spectro-

Theoretical Results metric experiments is most likely the asymmetricfCI—F]*

Table 3 reports the bond lengths, vibrational frequencies andisomer, its chlorinating ability reflecting the Clon affinity of
energies for the G Cl,*, CIF, CIF* diatomics. For comparison  the chlorine atom of CIF. Our theoretical results independently
also the experimental bond lengths and frequencies are re-confirm that the stability of the asymmetric [SCI—F]* ion
ported3? The optimized bond distances agree with the experi- exceeds that of the [EIF—CI]* isomer by as much as 44.3
mental values within 0.02 A. As to the vibrational frequencies kcal mol™. This difference computed at the CCSD(T)/cc-pVQZ
the agreement with experiment is also reasonable and slightlylevel compares well with the value of 43.0 kcal mbpreviously
better than that obtained with the MP2/6-31G(d) calculatidns. ~reported by Frenking et al? Like Cls*, also [CHCI—F]* and
The frequencies computed for Gind Ch™ are comparable to  [CI—F—CI]™ display singlet ground states, denoteddsand
those recently obtained at CCSD(T) le$&Table 4 reports VI, respectively, in Figure 1. For [EICI—F]*, the first excited
vibrational frequencies and energies 0§ G[CI—CI—F]*, and stateV is located 35.2 kcal mol above the ground stat¥,
[CI—F—CI]* in their ground and first excited states, whose Whereas the?A" state of [CHF—CI]* characterized by the
geometrical parameters are illustrated in Figure 1. The vibra- aSymmetric structur&Ill , is only 9.6 kcal mot* above the
tional frequencies of Gf and CEF+ in their ground state ground stat&/l. A SeconOGBl triplet state VIl , is located 21.3
compare well with the experimental valuesand with those ~ kcal mol* above the ground state.

recently computed for GI at the CCSD(T) levet® Table 5 Thermochemical ResultsInspection of Table 2 shows that
shows theAH°zes changes of the dissociation reactions of'Cl  CI* transfer from CGI* to HCI, namely the reverse of reaction
and ChF' into Xot, X*, XY+, and Y* (X = CI, Y = F), 1, does not occur. This suggests that reaction 1 is appreciably
whereas Table 6 shows th&H,93 changes of several (@] exothermic and hence the CBE of Cl, exceeds that of HCI,
transfer reactions calculated both at the B3LYP and the CCSD-estimated to be 716 2 kcal mof* from the heat of formation
(T) levels. of Cl,H.16 On the basis of the endothermic character of reaction

] ] 2 and available thermochemical défahe experimental heat
Discussion of formation of Ck* can roughly be located in the 246 to 256

Structure of Cls* and CI,F* lons. The theoretical results kcal mol! range. The heat of formation of £lcan theoretically
show that the global minimum on the £lenergy surface is  be derived from the computed endothermicity of reaction 8
the singletl of C,, symmetry shown in Figure 1, whose reported in Table 5, corresponding to the binding energy f Cl
geometry is in reasonable agreement with those from earlierto Cl,. Here and throughout the paper, the halonium ion affinities
theoretical studie¥’ 1233 the differences being ascribed es- are referred to the halogen cations in their ground state. The
sentially to the different methodology employed. The lowest value computed at the CCSD(T) level of theory, using the cc-

excited triplet state?A”, has the asymmetric structutd , pVQZ basis set, is 73.2 kcal mdl This is not fully consistent
located 30 kcal mol' above the ground state, whereas the with the experimental evidence pointing to a difference between
symmetric®B; statell is almost degenerate with the lowéat’ the CIt affinities of Ch and HCI larger than 0.6 kcal mol,

state, being higher by less than 3 kcal mcht the CCS(D)T/ although the estimated 2 kcal mdluncertainty must be
6-311++G(3df) level. The much smaller previously repoffed  considered. Moreover, problems such as spin contamination are
singlet-triplet energy difference, only 2.5 kcal md| is likely known to affect the accuracy of theoretical calculations concern-
arise from the neglect of the correlation effects. ing processes involving multiplicity changes, as those reported
Conflicting reports on the structure of £ arose out of early in Table 5. A more reliable theoretical value, unaffected by these
spectroscopic evidentassigning the GF™ ion a symmetric problems, is the computesH°,95 change of reaction 1 reported
bent C,, structure, unique in having the most electronegative in Table 6, that directly gives the difference between the CI
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TABLE 3: Optimized Geometries at the B3LYP/6-31H-+G(3df) Level, Energies and Frequencies of GJ Cl,*, FCI, and FCI* ab

Clo (*4") Clz" (o) FCI (=) FC' ()
e 2.010 (1.988) 1.908 (1.892) 1.642 (1.628) 1.544 (1.526)
" 541 (560) 637 (646) 785 (786) 931 (870.912)
(S —920.424713 —920.006588 —560.026738 —559.563374
ZPE 0.001232 0.001450 0.001787 0.002121
Eccsn(mye-311-+6(dh —919.409495 —918.991918 —559.372395 —558.912092
Eccspimyeepvoz ~919.475689 —919.053737 ~559.437859 —558.974462

aBond lengths in A, angles in degrees, total energies in hartree, vibrational frequenciesti® Experimental values in parentheségZero

point energies.

TABLE 4: Energies and Frequencies of C}*, CI-CI—F* and CI—F—CI* at the B3LYP/6-311++G(3df) Level

Cls* Cl—Cl-F* Cl-F—ClI*
A, 3B, 3N p A" A, 3B, A"
bending 195 (0.7) 168 (0.1) 62(0.2) 263 (4.9) 211 (2.8) 209 (0.5) 160 (2.4) 57 (0.7)
symmetric stretch 484 (0.6) 353 (0) P@.1) 540(19.9) 32P(135) 538 (7.0) 372 (2.4) 19%2.4)
asymmetric stretch 481 (34.9)  142(9.7) 57a7.2) 760(66.0) 568(88.2) 461 (6.5) 1.506 (16989.3)  80®3.3)
EsaLyp —1380.237450—1378.201812—1378.201745 1018.8298921018.789086—1018.756848—1018.740315 ~1018.770751
ZPE 0.002642 0.001508 0.001694  0.003562 0.002520 0.002750 0.004644 0.002257

Eccsp(mye-311++c3dny —1380.716728—1378.664176—1378.668800 1018.6693131018.613137—1018.601271—-1018.567262
1018.766586

Eccspmyce-pvaz —1378.813087

—1018.585932
1018.695997

2|R intensities (km/mol) in parentheses; total energies in hartree; vibrational frequencies’ir? @h-Cl stretching modeS CI—F stretching

mode.? Zero point energy.

1
Al Cl . 3131 cl
/ \1-996 A / y.o% A
110.0° 150.5°
Cl Cl Cl Cl

TABLE 5: Dissociation Enthalpies (kcal mol?) at 298 K of
Cls™ and CI-CI—-F*

B3LYP CCSD(T)  CCSD(T)
6-311-+G(3df) 6-311++G(3df) cc-pvVQZ
(7) Clgt — Cl,* + ClI 39.1 39.0 41.3
09) an (8) Cls" — Cl + CIt 78.0 70.1 73.2
(9) CLF* — Cly* + F* 38.1 36.9 38.7
3, 1. (10) CbF+ — CIFt 4 Cl 185.2 172.7 172.8
2680 A . (11) CLFT — CIF+ + Cl 61.4 59.2 61.8
0 . a B (12) CbF+— CIF + CI* 71.9 63.5 67.7
e N24EA o\ 1597 A
1227 1053 \ TABLE 6: Enthalpy Changes (kcal mol-%) at 298 K of
cl F Selected Reactions
D aw B3LYP  CCSD(T)
6-31H+G- 6-311+G- CCSD(T)
(3df) (3df)  cc-pvQZ
N . 1 (1) CLH* + Cl,— Cl3* + HCl —6.5 -56 —4.9
2061 A 1 F (2) Cht + Cl;— Cls* + Cl 16.1 14.1 14.6
¢l NP 1763 & (13) CLF* + Cl,— Clg* + CIF —6.1 —6.6 -5.6
152.5° \ ml\ (14) CbF* + HCl — ClL,H* + CIF 0.4 ~1.0 -0.6
F c ¢ endothermicity of reaction 2 to be estimated to amount to 15.5
) R + 5 kcal mol?, in good agreement with the directly computed
value of 14.6 kcal mot* reported in Table 6.
3 £ As to CLF", experimental evidence points to atGiffinity
! . 2769 A of CIF very close to that of HCI. The occurrence of the @n
1.869 & Cl—"""F w2 transfer reaction,
155.0° 138.8°\ " n
cl c1 cl CLF"+Cl,—Cl;" + CIF (13)

(VID) (VIII)

Figure 1. Optimized geometries of the investigated species. Bond
lengths in A, angles in degrees.

BE of HCI and of C}. In this way, consistent with the

a side reaction of the fluorination process (4), suggests that Cl
has a higher Cl affinity than CIF. Furthermore, the occurrence
of CI* transfer from GJFt to HCI (see Table 2) indicates that
the CI" BE to Ch exceeds by an approximately equal extent
those of CIF and HCI. Consistent with the experimental

experimental evidence, reaction 1 is computed to be exothermic,evidence, reactions 1 and 13 are computed at the CCSD(T)/cc-

by 4.9 kcal mot?! at the CCS(D)T/cc-pVQZ level. Utilizing
the experimental Cl affinity of HCI and the theoretically

pVQZ level to have nearly the same exothermicity, and hence
the CI" transfer from CJFT to HCI appears but slightly

computedAH° (1) change (Table 6), one can assign a value of exothermic. Combining the experimental™Ciffinity of HCI

76.5+ 3 kcal mol! to the Ci BE of Cl,, and hence a heat of
formation of Ck™ can be derived of 251.5 kcal md| that falls

within the experimentally defined range (vide supra), and that,

as the anchor value with available thermochemical ébtme
can obtain a Cl BE of the chlorine atom of CIF of 71.& 3
kcal mol! and a heat of formation of [EICI—F]* of 245+ 5

given the many sources of error, is conservatively estimated kcal mol2.

with an uncertainty range oft5 kcal moll. This value
combined with available thermochemical d&taallows the

Halonium lon Affinity and PA Trends. From Table 2, the
CI™ BE of the nucleophiles investigated increase in the order
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CIF < HCl < Xe < Cl, < CO < CH,CN < NH,4 TABLE 7: Thermochemical Properties of Simple
Halogenated Molecules
More quantitative data concerning very simple halogenated PA? (CI")BE (F") BE P2
molecules, i.e., HF, CIF, HCI, and £lare reported in Table 7, (kcalmor!)  (kcalmol!)  (kcalmol!)  (eV)
that summarizes their PA, IP, and'Gind F BE, derived from HF 115.7 25.9 68.9 16.04
the heats of formation of the corresponding adducts. Despite CIF 121.0 71.0+ 3 166.8 12.65
their uncertainty range, especially large when the heat of HCI 133.1 71.8 165.9 12.75
formation is obtained combining experimental and theoretical Cl 131.4 76.5+ 175.7+ & 11.48
data, the estimated €Cland F BE are sufficiently spaced to a (PA = proton affinity, IP= ionization potential; otherwise stated
allow meaningfu| Comparison_ The fo||owing trends emerge the Fhermochemical data are from ref 3&Ref 36.¢ Ref 30.9 Ref 16.
from the data of Table 7: ¢ This work.
PA HF < CIF < Cl, < HCI ity.3®> As a consequence, these products cannot be regarded as
adducts where Clis bound to a single nucleophilic center. This
CI"BE HF<CIF=HCI<Cl, and the likely occurrence of an activation barrier for the two

reactions justify their neglect.
F'BE HF<HCI<CIF<Cl,
Conclusions

It is apparent that, whereas ‘Cand F BE display a good ) - )
linear correlation (= 0.9974), this is not the case when they ~ TWo convenient routes have been utilized for the preparation
are related to PA. As an example, bott ¥ations, (X= Cl, F) of gaseous Gl aljd ChF+ ions, who_se structure and reactivity _
have nearly the same BE to CIF and HCI, despite the have been |nvest|_gated with a combination of mass spectrometric
significantly larger PA of the latter (Table 7). It is also apparent and density functional methods. The heats of formation gf CI
that the PA and the (¥) BE follow opposite trends in passing and CbF" in their ground state, obtained by combining the
from HCI to Ch. These findings point to the operation of the_oretlcal resuIFs_reported in Table_6 with the experimentally
different factors affecting the strength of the bonds formed by estimated Ct affinity of HCI, are estimated to be 2515 5
H+ and X* cations with halogenated ligands. From the limited and 245.0+ 5 kcal mol™, respectively, corresponding to Cl
set of available data the (¥ BE appears to reflect the ability ~BE to Ck and CIF, of 76.5+ 3 and 71.0+ 3 kcal mol™,
of the ligandmoleculeas a whole to accommodate the positive fespectively. Comparison of the’fand CI affinity of simple
charge upon addition of the®Xcation. This emerges, inter alia, haloggnated molecules vv_lth their PA shows that the factors
from the fairly linear dependence of the Bnd Ci" BE onthe ~ affecting the halogen cations BE and the proton BE to the
IP of the ligands, characterized by correlation coefficients of !lgands are d_lfferent. Based on the limited set of available data,
0.978 and 0.980, respectively, and accounts for the increase ofit can tentatively be suggested that the PA depends on the
the X* BE with the number of Cl atoms, since they are the electron-donating ability of the specific atom undergoing
most electron-rich and polarizable ones in the molecules of protonation, which in turn reflects its intrinsic electronegativity
interest. The PA trend appears instead to reflect the electron-and the effects of the substituents. The' @d F* BE appear
donor ability of the specifiatomthat undergoes protonation, a  instead to depend on the ability of the ligand molecule to
property that depends on its intrinsic electronegativity and the @commodate the positive charge imparted by the addition of
effects of the substituents. Thus,,@ more basic than CIF the cation. In this case, the stability of the charged adduct is
because the electron density of the Cl atom undergoing €nhanced by the size of the ligand and its polarizability.
protonation is lowered to a much larger extent by the F than by
the Cl substituent. In the same way, the electron-withdrawing ~ Acknowledgment. The financial support of the University
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