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SUMMARY

The F~ ion is weakly solvated in acetonitrile-water mixtures.
the mixture with 50% (mole) of water, the fluoride ion solvation
transfer activity coefficient is logx(F‘) = 5.1; it increases up
to 16.7 in anhydrous acetonitrile. In these two mixtures, the

equimolar buffer HF/H' imposes pF~ values of 6.4 and 16.8

respectively and the HF,~/HF buffer system imposes pF~ values of

2.6 and 5.8. Variations of the solvation of HF,~, HF and Ht

species as a function of the water content of the mixtures are

also determined.

INTRODUCTION

In

Reactions involving the exchange of the fluoride ion in aprotic

media such as acetonitrile can be predicted from the pF~ scale
and the E-pF~ diagrams [1,2]. The reactivity of many species can
be modified by using pF~ buffers. Hydrofluoric acid (HF) which is

both an acceptor (HF,~/HF) and a donor (HF/H*) of the F~ ion is
especially important since, contrary to many other systems as
CuF, (s)/Cu?t, FeFj3(5 /Fe3t., these two pairs involve uniquely

soluble species.
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Studies on equilibria involving halides give evidence of the
increased reactivity of Cl, Br~ and I~ ions when transferred from
water to aprotic solvents [3-8]. Since F~ ion is smaller, larger
effects may be expected.

In this paper, we examine changes of the F~ reactivity and pF~

buffer properties of the two pairs HF,~/HF and HF/H* as a

function of the water content of the CH3CN-H,O mixtures.

RESULTS AND DISCUSSION

Variation of sclvation properties of the fluoride ion in the

Qﬂ3$;N‘H2Q mix;;g;g§ .

Solvation transfer activity coefficients logyw”>s(A)
characterizing the transfer of the species (A) from water (w) to
the hydro-organic mixtures (s) are determined assuming the
Strehlow hypothesis: Yw_>5 (Fct) = Y w=>s (Fc) [9].
logx'w‘>S(F") is calculated according to the relation

log YW‘>S<F‘> = (E¥Y - ES)/ 59 (1)

where EY is the potential (mV) of the fluoride specific electrode
(FSE) in pure water and E® (mV) its potential in the CH3CN-H,0
mixture for an equal fluoride concentration.

This method has already been used by Vaillant [10] and Louis [11]
to determine log Y(F_) values in hydrofluoric acid-water mixtures
and phosphoric acid-water mixtures respectively. It implies that
the electrode has a linear response as a function of the fluoride
concentration with a constant slope (59 mV per pF~ unit) in every
mixture.

Log‘fw‘>S(F‘) is determined in each CH3CN-H,0 mixture from the FSE
potential relative to three concentrations: 1074, 10-3, 1072 M

in fluoride. In pure water, the FSE response is given by the

relation:

E(mV) = -237 + 59 pF~ (2)
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The results are given in the Table I along with log YW‘>5(C1‘)

values determined by Cox {12] in the same mixtures.

TABLE I

Solvation transfer activity coefficients of F~ ions and Cl- ions

[12] in the CH3CN-H,0 mixtures (comparison system: Fct/Fc).

% Hy0 H,0 (M)  log y %S (F7) log y¥>s(C17) A logycy,g"
(mole)
0 0 16.7 9.1 7.6
10 2.0 11.2 5.4 5.8
20 4.4 8.0 4.0 4.0
30 7.1 6.8 3.2 3.6
40 9.5 5.9 2.6 3.3
50 14.2 5.1 2.0 3.1
60 18.8 4.5 1.6 2.9
70 24,7 3.7 1.1 2.6
80 32.1 2.7 0.7 2.0
90 41.9 0.8 0.4 0.4
100 55.6 0 0 0
? Alogycyr =1logy¥S(FT) - log y¥>S(Cl7)

The desoclvation of the fluoride ions increases rapidly with the
acetonitrile content even when the water content is still high
logy w=>S(F-) = 5.1 in the CH3CN-50% H,0 mixture.

log j“'>3(F‘) values determined by Bhattacharya et al.[13] in
acetonitrile-water mixtures with a low content of acetonitrile

are higher than ours. The 4.0 value these authors give for the
mixture CH3CN-90% H,O seems to us excessive considering the high
water content.

The log'fw‘>5(F‘) value of 16.7 we determined in the anhydrous
medium is slightly higher than that of 14.8 given by

Coetzee et al.[14] who used Et,NF.2H,O for their potentiometric
determinations. The difference may be attributed to the degree of

hydration of the fluoride ion.
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It is shown in Table I that the desolvation of the fluoride ion
is higher than that of the chloride ion. Such a property is
common to all the aprotic solvent-water mixtures where the
desolvation of the halides increases as their radius decreases
[3,5,12,15].

The correlation which exists between log,""‘>s (X") (X =F, C1,
Br, I) and the inverse of the crystallographic radius is
illustrated in Fig.l. That confirms the first results given by
Coetzee et al.[15) for the Cl~, Br~ and I~ ions.

Variation of the HF,~/HF and HF/H* buffer properties in the
CH3CN-H-0 mixtures.

In order to characterize changes of the fluoride buffering

ability of the HF,~/HF and HF/H* equimolar mixtures as a function
of the water content, we determined the acidity constants (pK;s
and pK,8) of the conjugate pairs HF,~/F~ and HF/HF,- corresponding
to the equilibria:

2 F~ + HY <====> HF,~ Ki3 =[H*][F~]2 /[HF,"] (3)

HFy~ + HY <====> 2 HF  K,5 =[H*] [HF,~]/ [HF]2 (4)

The dissociation constants pK' ;s and pK',;$ relative to the

equilibria:
HF )~ <====> F~ + HF (5)
HF  <====> F~ + H* (6)

are determined from pK;S and pK,S values according to the

relations:
PK'1S = (pK;iS - pKps) /2 (7)
pK'25 = (pK;$ + pKjps) /2 (8)

The potentiometric titration curves are measured at the hydrogen

electrode. A 1072 M fluoride solution (Et4NF.2H,0) is neutralized
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Fig. 1. Variation of the solvation transfer activity

coefficient log} ¥™>S(X~) (X~ = F-, Cl-, Br~ or I") as
a function of the inverse of the crystallographic
radius.

by use of perchloric acid in the different CH3CN-H;0 mixtures at

constant ionic strength (Et4NC104 1071 M). The titration curves

relative to the 10% and 20% water mixtures are presented in

Fig.2.
In the anhydrous mixture, acid-base constants of the HF,~/F~ and
HF/HF,~ pairs are determined by UV-Vis spectrophotometry using

p—nitrophenol (pKa = 20.7) and thymol blue (pKa = 13.4) as
indicators [16].
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Solvation transfer activity coefficients logy ¥™>S(H*) are
determined from the measurement of the hydrogen electrode
potential in the different mixtures. Those of the HF,- and HF
species are calculated according to the relations (9) and (10)

which result from the equilibria (3) and (4).

pKiS - pKi¥ = log j“‘>5(H+) + 2 log YW‘>5(F‘) - logxfw'>S(HF2') (9)

pKos - pK,y¥ = log YW’>S(H+) + log YW‘>S(HF2-) - 2logy ¥™>S(HF) (10)

where pKS and pKY represent the constants in the CH3CN-H,0

mixtures and in pure water respectively.

The results are given in Table II.

TABLE II

PK313 and pKyS acidity constants of the conjugate pairs HF,~/F~ and
HF/HF,~, pK';s and pK',s dissociation constants of HF,~ and HF and
solvation transfer activity coefficients of the species F~, H' ,

HF,- and HF from water to CH3CN-H,0 mixtures (21°C).

$H20 pK13 pKpS pPK'1S pK'pS log y (F7) logy (Ht) log Y (HF27)  log y (HF)
(mole)

0 23.2 10.5 6.4 16.8 16.7 5.7@ 19.7 8.7
10 16.9 8.2 4.4 12.5% 11.2 1.6 10.9 3.5
20 12.1 6.1 3.0 9.1 8.0 0.2 7.9 2.3
30 10.2 4.8 2.7 7.5 6.8 0.3 7.5 2.8
40 9.0 3.7 2.7 6.4 5.9 0.3 6.9 2.9
50 8.4 3.2 2.6 5.8 5.1 0.2 5.8 2.7
60 4.5

70 7.5 2.5 2.5 5.0 3.7 0.0 3.7 1.9
80 2.7

90 0.8
100 3.8 2.6 0.6 3.2 0.0 0.0 0.0 0.0

Reference 17
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The strength of the bases F~ and HF,- increases markedly as the
water content decreases. Such an effect can be accounted for the
strong desolvation of these ions whose log 5W‘>5 values are high
and very close. On the contrary, the desolvation of the H' ion is
only slightly affected by the water content in the still hydrated
mixtures. The desolvation of the molecular species HF is much

lower than that of the F~ and HF,~ anions and does not vary much

with the water content.

In the anhydrous medium, species in solution are generally much
less solvated. In particular, the proton and HF are strongly
desolvated when transferred from the 10% water mixture to the
anhydrous solvent. Such a result seems logical since there are
strong interactions between these species and the water

molecules.

The pK';s and pK',;3 constants which represent the pF~ level of the

equimolar buffers HF,~/HF and HF/H', give evidence that their pF~

values are very different in the weakly hydrated mixtures and in
the anhydrous medium. In transferring from the 10% water mixture

to the anhydrous medium, they increase from 3.0 to 6.4 for
HF,-/HF buffer and from 9.1 to 16.8 for HF/H*. In the case of
mixtures with an higher water content, the pF~ value of the

HF,-/HF buffer remains constant but that of the HF/H' buffer keeps

on decreasing. Thus, the pairs HF,~/HF and HF/H' can be used as

pF~ buffers both in anhydrous acetonitrile and in partially
hydrated acetonitrile to maintain high pF~ values.

This parameter can be modified by using acid-base pairs. For
example, a 10-2 M hydrofluoric acid solution has a pF~ value of

9.4 in anhydrous acetonitrile; in the presence of the acid-base

buffer CsHsNHY (1072 M) /CsHN (1072 M) (pKa = 12.3 ([18]), the pF-
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value decreases to 6.5. F~ ions are formed according to the
reaction:

HF + CgHgN <====> CgHgNH* + F-~ (11)

which is characterized by the constant:

[CgHgNH*] [F~}/ [HF] [CgHgN] = 1074-5 (12)

In a similar way, the pF~ buffering ability of the HF,~/HF pair

depends on the presence of a base (B). The equilibrium

HF,~ + B <====> BH* + 2 F~ (13)

shows that the addition of the base (B) in high concentration
leads to decrease of the pF~ level.

The comparison of the pF~ scales in the acetonitrile-water
mixtures allows characterization of the reactivity of HF,~/HF and
HF/H' and of molar fluoride solutions (Fig.3). It increases in

the case of HF,~/HF and fluoride solutions as the water content

decreases since HF,~ and F~ species are strongly desolvated. On

the contrary, the reactivity of the HF/HY buffer varies little
with the water content: the desolvation of the HF molecule
remains close to that of the proton.

A comparison of the pH scales in the acetonitrile-water mixtures

shows (Fig.4) that the variation of the basic strength of the

HF,~/F~ pair as a function of the water content is larger than
that of the HF/HF,~ pair. For the first one, pH referred to water

varies by 11.5 units on transferring from water to CH3CN-10% H0

mixture. For the second one, the variation is of 3.9 units. The
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Fig. 3. PpF~ level (referred to water) of the fluoride solution
(1M) (EL4NF or BuygNF) (#) and of the HF,~/HF (e} and

HF/H* (A) pairs in the CH3CN-H,O mixtures.
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Fig. 4. pH level (referred to water) of 1M H' solution (HC1Oy)
() and of the HF/HF,~ (®) and HF,~/F~ (A) pairs in the
CH3CN-H,0 mixtures.
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pH level of the HF/HF,~ pair increases by 1.6 units when

tranferring from the CH3CN-10% H,O mixture to the anhydrous

medium due to the strong desolvation of the HF molecule between

the two media.

It appears also from the Fig.4 that the reactivity of the free
proton in solution remains the same in the presence of water, but
increases notably in the anhydrous solvent.

In addition, F~ solvation transfer activity coefficients allow
prediction of, for example, thermodynamical changes in the

reducing power of metals whose fluorides are insoluble. For such

redox systems as MFp g, /Mgy (M = Pb, Mg.) characterized by:
M(S) -2 e+ 2 F~ <====> MFZ(S) (14)
we have the relation:

Eg3 (mV) = E_w — 59 logI"‘>s(F') (15)

Thus, in the presence of fluoride, the reducing power of lead and
magnesium for example, is higher in the CH3CN-20% H,0 mixture

than in water since their normal potentials differ by 470 mV.
This result can also be used to calculate the solubility of
fluorides whose solubility product in water and solvation
transfer activity coefficients of the conjugate cations are
known. For example, rubidium fluoride whose solvation transfer

activity coefficient is assumed to be equal to 1 (Pleskov
hypothesis) [19], is four times less soluble in the CH3CN-20% H,0

mixture than in pure water.

CONCLUSION

The determination of the solvation transfer activity coefficient

of fluoride: log 5"'>S(F') in the CH3CN-H,0 mixtures gives
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evidence for the strong desolvation of the fluoride ion even in
still hydrated mixtures. The log x”'>s(F') determined in
anhydrous acetonitrile fits the relationship existing between

log~{w‘>5 of the halides and the inverse of the crystallographic
radius. The pF~ buffering ability of the HF,~/HF and HF/H' pairs

in these mixtures depends on the water content of the mixtures.

The pF~ level referred to water imposed by 1M fluoride solution
and equimolar mixture HF,-/HF varies by 16.7 and 11.0 units

respectively on transfer from water to anhydrous acetonitrile.

The pH scales established in these mixtures show the increase in
basic strength of F~ and HF,~ in the mixtures with a low water

content.

EXPERIMENTAL

Acetonitrile (S$.D.S. Puran A.R.) was dehydrated on molecular
sieves (3 A) for 48 hours. Its water content, determined by the
Karl-Fisher coulometric method, did not exceed 5 107% M.

All the solutions of anhydrous compounds were prepared and kept

in a glove box under a dry argon atmosphere.

The electrolyte Et,C10, (Fluka, A.R.) was recrystallized twice in
ethanol and dried under vacuum at 60°C for 16 hours.

Et NF.2H,0 (Fluka, A.R.) used as an electrolyte in hydrated
mixtures was recrystallized twice in acetonitrile and benzene. In

the anhydrous medium, Bu,NF fluoride solutions were prepared from

BuyNI and AgF.
The 1M perchloric acid solution was prepared from the 70-72%
HC1l04 commercial solution (Merck, A.R.). A 0.1 M perchloric acid

solution in acetic acid was used in the case of anhydrous
acetonitrile.
p-Nitrophenol and thymol blue were Aldrich (A.C.S.) reagents.
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The potentiometric measurements were realized with a Tacussel
Aries 10000 millivoltmeter. The indicating electrode was either
the fluoride specific electrode Orion 94.09.00 or the hydrogen
electrode prepared as recommanded by Charlot et al. [20]. The

reference electrode was the half cell Ag ) /AgClO, 1072 M, Et,ClOy4
1071 M, CH;CN.

For the spectrophotometric measurements, we used a UV-Vis DU7

Beckman spectrophotometer.
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