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Abstract: A density functional theory study at the B3LYP/6-31++G** + RECP(Sb) level of the HF/SbFs
superacid system was carried out. The geometries of possible electrophilic species, such as HoF*+ShyF11~
and HzF,™Sb,F1;~, were calculated and correspond with available experimental results. Calculations of
different equilibrium reactions involving HF and SbFs allowed the relative concentration of the most
energetically favorable species present in 1:1 HF/SbFs solutions to be estimated. These species are
H*-SbhyF117, HoFt-ShoFia ™, HaF2t+Sh,Fai 7, and HaFst-ShoF1:~, which correspond to 36.9, 16.8, 36.9, and
9.4%, respectively. Calculations of the acid strength of the electrophilic species were also performed and
indicated that, for the same anion, the acid strength increases with the solvation degree. The entropic term
also plays a significant role in proton-transfer reactions in superacid systems.

I. Introduction as BF', HaF>™, and more solvated cations exist in equilibrium
The chemistry of liquid superacid media has been the subjectin these media, as well as SpFand ShF;;". It was found

of extensive research since the 196068n one hand, liquid that, for Sbls concentrations lower than 10 mol %, the $bF

superacid media allow the limits of acidity in the condensed 10N is practically the only anionic species present. From 10 to

phase to be probed, and, on the other hand, they favor the22 Mol % SbE in HF, the anions are essentially SbFand

formation and stabilization of energetic species, like carboca- StFi1~, which are in a slow equilibrium, while more polym-

tions, and activation of molecules of low reactivity, such as €fized anions are found for higher Sfoncentrations.

alkanes under mild conditions. Chemical reactions such as coal

liquefaction, hydrocarbon isomerization, cracking, and alkyla- 2HF + SbR, = H,F" + SbR,~

tions are important industrial processes that occur under strongly

acidic conditions. Brensted superacids are defined as acids An interesting fact is that there is a small but increasing

stronger than 100% 430, (H, = —12)! For Lewis acids,  amount of un-ionized SkFor concentrations above 25 mol

superacidity holds for any acid stronger than anhydrous#iCl o432 This species could be involved in the direct oxidation of

A special category of superacids is generally obtained by the glkanes to carbenium ions plus hydrogen, when the concentra-

combination of a strong Brgnsted acid with a strong Lewis acid, tion of Sbfs in HF is higher than 25 mol %.

such as HSgF/SbFs and HF/SbE. The latter system is believed Bonnet and Mascherpaarried out IR studies of the HF/

to possess the strongest acidity in the condensed phase, withspk: system and found that the solvateghbt” is the predomi-

Ho = —23? depending on the relative molar ratio of the pant cationic species over a concentration range-gZ@mol

Brensted and Lewis acids. It is believed that one of the reasonsg, of SbF. In the range of 2640 mol % of SbE, only HsF>*

for the strong superacidity of this system is the formation of \y45 gbserved. The fluoronium ion Ft, is observed only in

solvated HF" ions (HF"(HF)) and Sbk(HF), or more concentrated solutions, with more than 40 mol % Sh& a

associated species (Hh:~, ShFis™, etc.). HF/SbFs molar ratio of 2:1, the ionic species predominantly
Spectroscopic studies, usifg and'%F NMR2 and IR} of found are HF,"(HF), and SbF1,", instead of HF+ and S~

HF/SbFs with different molar ratios indicate that species such jons. The cationic species §At, HsF>", HniaFy) are in rapid

t Universidade Federal do Rio de Janeiro. equilibrium on the NMR time scale, not allowing the observation
#Universidad Autmoma del Estado de Morelos. of separate signals for each structure. Nevertheles$HthVIR
(1) Slan, G. A.; Prakash, G. K. S.; SommerSiiperacidswiley: New York chemical shifts of these solutions vary from 8 (neat HF) to 16
(2) (8) Touiti, D.; Jost, R.; Sommer, J. Chem. Soc., Perkin Trang986 2, ppm (80 mol % of SbE. The continuous variation in the
3 %;gguf%ﬂﬂ%% B S e o) Charr009 chemical shifts is in good agreement with the degree of proton
23, 863. (b) Gillespie, R. J.; Moss, K. Q. Chem. Soc. A966 1170. solvation, which is related to the concentration of HF molecules.

(4) (a) Bonnet, B.; Belin, C.; Potier, J.; Masherpa, G.R. Hebd. Seances
Acad. Sci1975 C281, 1011. (b) Bonnet, B.; Mascherpa, [Borg. Chem.
198Q 19, 785. (5) Culmann, J. C.; Sommer, J. Am. Chem. Sod.99Q 112 4057.
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a(a) HsF2t+ShFi1~ X-ray structure in the 3:2 HF/SkFadduct (33.3
mol % Sbks)® and (b) the solvated 4, (HF)4 in the HF/SbE 7:1 adduct
(12.5 mol % Sbg).”

Mootz and Bartmann were able to crystallize and elucidate
the structure of HF/Shfadducts, those with 143:28 and 7:1
molar ratios’ They found that the crystals of the 1:1 adduct
(50 mol % Shk) correspond to a complex of the;FH" cation
associated to the 9B;~ anion. In the 3:2 adduct (33 mol %
SbF), the species found was theF3™ cation associated with
the ShFi1;~ anion (Scheme 1a), while in the 7:1 adduct (12.5
mol % Sbk), a linear HF," species, solvated by four HF
molecules, was found to exist sandwiched by twoSknions
(Scheme 1b).

SbFs molecule, which of course is not well suited to represent
correctly concentrated HF/SpBolutions.

Thus, because of the lack of detailed investigation of these
systems, at the molecular point of view, especially for higher
SbFs contents, we started a theoretical study to elucidate the
nature and stability of the active electrophilic species in the HF/
SbFs solutions.

II. Computational Details

Calculations of the structure of finite models of the electrophilic
species present in HF/SbBolutions were carried out using the DFT
approximation, at the B3LYP level of theory. The 643tG** basis
set was used for all atoms, except the antimony atoms, where a
relativistic effective core potential (RECP) was used to represent the
core electrond! This level of calculation will be represented as B3LYP/
6-31++G** + RECP(Shb) from now on. Prior calculatichshowed
that this level of theory provides good results. We used the Gaussian
982 package for performing these calculations.

The structures were characterized by the absence of imaginary
frequencies. All the energies corresponding to the optimized structures
were corrected for zero point energy (ZPE) and to 298.15 K and 1
atm. Unless otherwise stated, all energy discussion refers to the enthalpic
term.

Because of the high complexity of the system, we focused on the
50 mol % solution of HF/Sbi(1:1 molar ratio). Nevertheless, it was
possible to get insights into solutions with different molar ratios.

Il. Results and Discussion

Figure 1 shows possible equilibrium reactions present in HF/
SbFs solutions with the geometries computed at B3LYP/6-
31++G** + RECP(Sb). Table 1 summarizes the thermody-
namic properties for the equilibria shown in Figure 1.

HF/SbFs 1:1. Table 2 contains the predicted values Ad,

AS and AG at 298.15 K and 1 atm for the reaction of four

Despite the numerous experimental available data for the HF/ spk, with four HF molecules (molar ratio HF/SBF= 1:1) as

SbF; systems);*%7very few theoretical investigations using ab
initio or density functional theory (DFT) methods were carried
out for these systent This is probably associated with the
difficulty of accurately dealing with the electronic structure of
antimony atoms. Recently we performed DFT calculations on
the alkane activation by some simple models of the HF£SbF

system aiming to get a better comprehension of the role of the

anions and solvation of the carbocatfoiim and Kleir? carried

out interesting ab initio molecular dynamics simulations on a
highly diluted liquid HF/SbE superacid with a molar ratio of
25:1 (3.8 mol % Sb§j. They found that the reaction of HF
with SbFs is exothermic, barrierless, and diffusion-limited,
yielding the Sbg~ and the HF" cation, which is, in fact, a

protonated HF chain. These chains are held together by
hydrogen bonds, forming a zigzagged conformation. The system

shows a fast proton jump, which explains the high molar
conductance observed for diluted HF/$kBlutions!® They also
calculated the structure of a gas-phase complex ofs SbF
(HF)1—3. However, the calculation takes into account only one

(6) (a) Mootz, D.; Bartmann, KAngew. Chem1988 100, 424. (b) Mootz,
D.; Bartmann, K. Angew. Chem., Int. Ed. Endgl988 27, 391.

(7) Mootz, D.; Bartmann, KZ. Naturforsch.1991, 46b, 1659.

(8) (a) Esteves, P. M.; Ramirez-Solis, A.; Mota, C. JJABraz. Chem. Soc
200Q 11, 345 (available at http://www.sbqg.org.br/jbcs/). (b) Esteves,
P. M.; Ramirez-Solis, A.; Mota, C. J. Al. Phys. ChemB 2001, 105,
4331.

(9) Kim, D.; Klein, M. L. J. Phys. Chem. R00Q 104, 10074.

(10) (a) Hyman, H. H.; Quarterman, L. A.; Kilpatrick, M.; Katz, J.JJ.Phys.
Chem.1961, 65, 123. (b) Gillespie, R. J.; Moss, K. Q. Chem. Soc. A
1966 1170.

a minimum ensemble model, producing several electrophilic
species. The use of four molecules of each reactant was
considered to guarantee a minimal set (molecularity) for the
understanding of the chemical equilibria involving more con-
densed anions with a higher solvation degree.

If one considers the chemical equations

4SbF, + 4HF == 2H,F"-Sb)F,,~
AG = —19.4 kcal/mol

4SbF, + 4HF = H,F,"-SbF,,” + H"-ShF ,~
AG = —20.4 kcal/mol

4SbF, + 4HF=H,F,"-SbF,,” + SbFy,
AG = —18.8 kcal/mol

as being the most important for the formation of the electrophilic

(11) Bergner, A.; Dolg, M.; Kueche, W.; Stoll, H.; Preuss,Mbl. Phys.1993
80, 1431.

(12) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M.
A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; Stratmann,
R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin,
K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi,
R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.;
Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.;
Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz,
J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.;
Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A,; Peng,
C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;
Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,
M.; Replogle, E. S.; Pople, J. AGaussian 98revision A.7; Gaussian,
Inc.: Pittsburgh, PA, 1998.
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H,F,".SbF,"

Figure 1. Predicted geometries for the different electrophilic species, associated to tke &to-ShFi1~ anions, formed by successive addition of HF
molecules.

species (more negativeG), it is possible to write the following ~ AAG, = —-RTInK, 0 K, = g AMGIRT —

new equilibria [HaF, *ShF,, J[HShF,, ]

2H,F -ShF,, =H.F, *SbF,,” + H"*SbF,,~ [H,F"-ShF,, 1
AAG, = —20.4— (—19.4) kcal/mol
AAG,; = —1.0 kcal/mol

and
AAG,= —RTInK, 0 K, =¢ 446RT=
[H4F3+'szF117][szFlo]
H 3F2+'szF117][H +‘SQF117]

H3F2+'sz|:11_ + H+'szF11_ = H4F3+'sz':11_ + ShFyo
AAG, = —18.8— (—20.4) kcal/mol

AAG, = +1.6 kcal/mol

and considering
It is important to point out that the terms shown in the

equations above (HShF1;~, H"-SbRs™, etc.) are just shortcut [HF] i = [HT] + [H,F] + [H3F, T + [H,F5 ']

names for the complexes shown in Figure 1 and do not

correspond to the naked proton or other isolated species. where [HF]oa is the total amount of HF used to prepare the
From thermodynamics one obtains the following relation- superacid solution, [H is the concentration of the HSkF11~

ships: complex at equilibrium, [F'] is the concentration of the

2674 J. AM. CHEM. SOC. = VOL. 124, NO. 11, 2002
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Table 1. Reaction Enthalpies, Entropies, and Gibbs Free Energy (298.15 K e 1 atm) for the Equilibria Involving Superacid Species in
HF/SbFs, Calculated at the B3LYP/6-31++G**//B3LYP/6-31++G** + RECP(Sb) Level

AH, (298.15 K) AS, (298.15 K) AG, (298.15 K)

reaction (kcal/mol) (cal/mol K) (kcal/mol)
2Sbks = ShFio -17.7 —43.4 —4.8
3Sbks = ShsF1s5 —32.3 —82.9 —7.6
SbFs + HF = H"-SbR~ —-8.1 —27.8 +0.2
H*-SbR~ + HF = HF™-SbRs™ —13.8 —-34.1 —3.6
HoFT-SbRs™ + HF = HaF, - SbRs™ —125 —31.4 —-3.2
HsF,"-SbR™ + HF = HyF3™-SbRs™ —11.1 —30.7 —-2.0
ShyFio+ HF = H"-ShyF11 -11.9 —25.3 —4.4
H**ShyF1;~ + HF = 2H"-SbR™ +13.4 +13.1 +9.5
HT-ShpF11~ + HF = HoF - ShyFy~ -10.1 -32.0 -0.5
HaF"+ShpF11~ + HF = HaFo"-ShyFr~ -11.6 —34.0 -1.5
HsFo " ShpF11~ + HF = HyF3t-ShyFy ;™ —13.1 —32.2 —-4.1

HoF-ShyF;1;~ complex at equilibrium, [BF] is the concentra-
tion of the HiF,"-ShyF13~ complex at equilibrium, and [i#Fs™]

is the concentration of thedAzt-ShyF1; complex at equilibrium,

it is possible to estimate the concentration of the electrophilic
species in the media (molar activities are considered equal to
the concentration of the species in this media). After some
algebraic manipulation with the equations shown above, it can
be shown that

K

[H']=[HsF,] = [
2K, + KK, + 1

H F] total

_ 1
2K, + KK, + 1

VKK, r

2K, + JKK, + 1

[H 2F+] [H F] total

[H4F3+] = [Sb,Fd =

H F] total

The percent amount of each species, related to the total of
the ionic species, can be obtained by dividing the concentrations
calculated with the above equations by the [flk] once it was
assumed that all the nonprotonated HF would solvate the cations
Using these equations and the valuesAokG; and AAG;
obtained from the DFT calculations, it is possible to estimate
the fraction of each cation at the reaction medium, related to
the total amount of cation, as

% H" = [H)/[HF] o = 36.9%
% H3F2+ =%H" = [H3F2+]/[H Fliowa = 36.9%
% H,F" = [HF V[HF] 1 = 16.8%
% H,F5" = [H,Fs VIHF] o = 9.4%

These results are in agreement with NMR measurements
of liquid superacid HF/Shfwith different molar ratios,which
indicate that there is a predominance of thg=# cations for
20-40 mol % Sbk. The HF" concentration of 16.8%,
estimated by the DFT calculations for the 1:1 HF:Sb&lution,
is in agreement with the experimental data, which point out
that in superacid media with concentrations higher than 40 mol
% of Sbs, the HF,* cations are progressively replaced by the
H,F* cation. The crystallographic structure of the 3:2 adduct
(33.3 mol % SbE) indicates that the k™ cation is formed

Table 2. Gibbs Free Energy Changes for the Chemical Equilibria
in HF/SbFs 50 Mol %

equilibrium AG (kcal/mol)
4Sbk + 4HF = 4H*-SbRs~ +0.6
4Sbk + 4HF = H,F " SbRs™ + SbFs + 2H-SbRs™ -3.1
4SbFk + 4HF = 2H,F-SbRs~ + 2Sbk —6.9
4Sbk + 4HF = 2H,Ft+-SbRs~ + ShyFo —-11.7
4Sbk + 4HF=H3F,"-SbR~ + 2Sbk + H-SbRs~ —6.5
4Sbk + 4HF = H4F3™-SbRs™ + 3Sbk —8.6
4Sbk + 4HF = H3F,™SbR~ + HT-ShyF1;~ + Sbks —15.8
4Sbk + 4HF == H,F+ShyFy;~ + 2HT-SbhRs™ -9.4
4Sbk + 4HF = H3F,™SbR™ + SkyFi10+ HT-SbRs™ —-11.6
4Sbk + 4HF = H4F3™-SbRs~ + ShsFis —16.2
4Sbk + 4HF = 2HF++ShyFy1~ —-19.4
4Sbk + 4HF == H3F, "+ ShyF11~ + HT-ShyF11~ —-20.4
4Sbk + 4HF = H4F3+'Sb2|:117 + ShyFip —18.8
4Sbk + 4HF = H4F3™ShyF11~ + 2Sbk —-13.1

and it is associated with the $h;~ moiety® The experimental
bond lengths for the §F,* cation are shown in Scheme 4a.
Figure 2a shows some selected geometrical parameters for the
calculated HF;-ShyF1;~ complex. It can be observed that the
averages of the central-H bond length (1.163 A) and the
F—F bond length (2.326 A) agree well with the X-ray results
(1.135 and 2.30 A, respectively, for the terminattf and FF
bond lengths; see Scheme 1a).

Recently Mootz and Bartmahmletermined the structure of
crystals of HF/SbEFwith a 1:1 molar ratio. They found that the
structure actually corresponds to theFH-SkyF;;~ adduct. In
their work it was found that the ##" has a bent geometry,
with a F—H bond length longer than that observed in the free
HF molecule. It is also randomly oriented in the crystal. The
present calculation shows that theFH cation is bent in the
HoFT-ShyF1:~ complex (Figure 2b). The predicted bond angle
is 114.6.

Un-ionized Sbk, or SkF;g in solution, has been quoted to
be responsible for alkane oxidatfl¥ to the corresponding
carbenium ion, in HF/Shfsolutions with more than 25 mol %
SbFs molar ratios (Scheme 2). NMR studfeshowed that small
amounts of free SiF10 are present in solutions of HF/Sh50
mol % (1:1 molar ratio). The present calculation shows that
about 9% of this species (which would be formed in equimolar
guantities to the kFs*-ShyF11~ species) could be present in
this solution, which is in agreement with the experimental
evidence.

Other HF/SbFs Molar Ratios. Because of how the calcula-
tions relate to the electrophilic species present in HF{SbF

(13) (a) Olah, G. A.; Halpern, Y.; Shen, J.; Mo, Y. K.Am. Chem. Sod971,
93, 1251. (b) Olah, G. A.; Halpern, Y.; Shen, J.; Mo, Y. K.Am. Chem.
Soc.1973 95, 4960.
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bonding with other HF molecules. Infrared studies of HF/SbF
with 0—20 mol % Sbk indicate that the predominant species
in these media is the 4f,™ cation solvated by HF moleculés.
Mootz and Bartmann elucidated the structure of the adduci-SbF
(HF)7 (HF/SbFs molar ratio 7:1 or 12.6 mol %)where clearly
there is a HF,™ cation solvated by four HF molecules (Scheme
1b), which corroborate the trends observed by the DFT
calculations. Thus it could be thought that the system, at low
HF contents (higher HF:SFnolar ratio), prefers to form larger
associated (polymeric) anions to release HF molecules, which,
by its turn, form the most stable (and solvated) cations.

2(H,4F)*SbR™ = (H,.,F.)"*SbR,~ + (n+ 1)HF +
SbFs = (H2n+2F2n)+'szF117

Acidities of the Different Electrophilic Species.An interest-
ing property to be investigated is the acid strength of each
individual electrophilic species shown in Figure 1. Unfortunately
this property is difficult to obtain from experimental measure-
ments, since there are many simultaneous equilibria involved.
Nevertheless, it is possible to compute the acidity of each species
from theoretical data. Acidity is related to the thermodynamics
of the following equilibrium:

H-A=H"+A" AGreactionZ
[AG(H+) + AG(A7)] — AG(HA) = —RTpK,

Thus, with the knowledge of the structure and energy of the
species, it is possible to calculate the acidity. Table 3 reports
the thermodynamic data for the deprotonation of the different
superacid clusters calculated in this work. As expectedAthe
for the deprotonation of larger species, with theflp~ anion
moiety, is lower than thé\H for the same cation associated to
SbFRs~. This is easily understood if one imagines that there is a
larger dispersion of the negative charge in theFgfr anion.
Thus, this species is expected to be a weaker base than is the
SbR~, and consequently its conjugated acighfSkyF11~ is
H F+ Sb F _ stronger than the parentHF," SbR. It is interesting to note

2 . 2411 the great change in entropy for the HF solvated systems. For
the Sbk™ anion, the entropy goes from 13.0 (no solvation by

(b) HF) to 42.8 cal/mol K when up to three HF molecules solvate
Figure 2. Selected geometrical parameters predicted by the DFT calcula- the anion. For the $Bi;~ anion, the change goes from 19.8
tions: (a) HF>*+SkF11~ complex and (b) B -ShF;. (no solvating HF) to 44.2 cal/mol K, calculated when three HF

Scheme 2. Isobutane Oxidation by SbFs Dimer molecules solvate the anion. This behavior might be understood

if one considers that solvation by HF molecules is more effective
)\ + ShFyy ——> )e\ + SBES -+ HF + SbF; for the proton (conjugated acid). Hence, t_ransferring the_proton

leads to a higher degree of freedom, since the solvating HF
solutions with a 1:1 molar ratio, it is possible to infer trends in Molecules are not as well ordered in the anions as they are in
solutions with a higher HF/SkFmnolar ratio. Higher solvation ~ the conjugated acid. Therefore, excess HF is more important
of the electrophilic species seems to be favored when enoughfor stabilizing the conjugated acid than for solvating the anion,
free HF molecules are present in the media. Thus, there is somewvhich seems to be better stabilized by additional sSiviel-
indication from the calculations that the solvated proton ecules. These data are in agreement with the experimental
H(HF),*, with as many HF molecules as possible (higher  observation that increasing the Slalentent leads to an increase
values), would be energetically favored. Thus, long chains would in the acidity. In a series considering the same anion (cas SbF
be formed, in agreement with experimegtal and theoretical or ShF117), one can see that the enthalpy tefyH) increases
predictions? In this case, the first two molecules of HF solvating for more solvated cations. Nevertheless, as we have said before,
the proton (first solvation shell) in fact react with this species it is AG and notAH alone that controls acidity in solution.
to form the HF," cation, which is then solvated by hydrogen Entropy favors the more solvated conjugated acid, and at room

2676 J. AM. CHEM. SOC. = VOL. 124, NO. 11, 2002



DFT Study of Superacid Electrophilic Species ARTICLES

Table 3. Reaction Enthalpies, Entropies, and Gibbs Free Energy for the Deprotonation (298.15 K e 1 atm) of Different Electrophilic Species
in HF/SbFs, Calculated at the B3LYP/6-31++G**//B3LYP/6-31++G** + RECP(Sb) Level

AH, (298.15 K) AS, (298.15 K) AG, (298.15 K)

equilibrium (kcal/mol) (cal/mol K) (kcal/mol)
H*-SbR™<=H" + Sbk~ 260.3 13.0 256.4
HoF-SbRs™ == HT + HF-SbRs~ 261.1 23.0 254.2
HsF2t-Sbs~ == H" 4 (HF)*SbRs~ (a) 263.2 37.3 252.1
HsFy"SbR™ = H* + (HF)»*SbR™ (b) 262.1 29.5 253.3
HaFst+-SbR™==H" + (HF);*SbRs™ 263.2 42.8 250.4
H*-ShyF1;~ == H* + ShF1i~ 251.2 19.8 245.3
HoF-ShoFy1~ = HY 4+ HF-ShyF1y~ 252.7 24.5 245.4
H3F2+'SbgF117‘— H + (HF)z'SQFlf 253.6 39.8 241.8
H4F3+'Sb2F117‘— HT + (HF)g'szFlf 257.2 44.2 244.1

temperature (298.15 K), this effect is large enough to change 36.9, and 9.4%, respectively, of the protonic species present in
the stability order. It is difficult to extrapolate general trends 1:1 HF/Sbk solution. For this specific solution it was also
for superacid solutions with the present calculations. However, predicted that a small amount of free Sl§ér ShF1() is formed
one can say that the entropy term plays a significant role. The in approximately an equimolar amount tof4*t-ShFi;~, in
release of solvating HF molecules, upon deprotonation of the agreement with experimental results. The solvation process of
superacid complexes, increases the disorder of the system andhe cationic species seems to be the driving force that governs
consequently increases the entropy chamg®.(Nevertheless, the several equilibria present in these solutions. In accordance
when a base B is present in the medium, the protonated basewith the expected trend, larger anions £{5h~) provide more
(HB™) would probably need solvation from HF. This brings acidic species than do smaller ones (§)FHowever, increas-
additional complications and eventually can make the enthalpy ing the solvation of the cations containing the same anion (e.g.,
term predominant in the free energy balance again, governingH* — HyF3t*A~, A~ = SbR~ or ShhF;;7) increases théH.
the equilibrium. Entropy changesAS) also play a decisive role in the reverse
However, the acidity of HF/Shfis found to be at its higher  direction. The more solvated ions afford a more disorganized
limit (H, = —23) for Sbks concentration in the range of 5 species upon deprotonation (large®). This has consequences
20 mol %?2 This means that for SkFconcentration above 20  in the AG, which is driven by the entropic term at 298.15 K.
mol % the rate of protolysis should not increase by increasing Nevertheless, the nature of the solvation of the base in this media
the acid strength, but only with the increase of the number of can change the contribution of the entropic term.
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