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Abstréct
The extraction of tetraheptylammonium fluoride'intd solutions of
alcohols aﬁd into solﬁtiohs of phenéls in.toluene has been studied.. The
dependence of the extraction on the aqueous éait concentration at a fixed
coﬁéentration of extractanf‘indicates that,_in all cases, the extracted ions
aré aséociated to ion pairs iﬁ the organic.phase. The extfactioﬁ bf thg salt

into varying concentrations of alcohol at a fixed aqueous salt concentration

shows that four alcohol molecules' are complexed with the fluoride ion. B Extrac-

tions into varying concentrations of phenol also indicate a tetrasolvated

fluoride ion at concentrations of phenol above ~0.004M, but below that concen-

tration only two molecules of phenol arevcomplexed with the anion. The

behavior of water in the alcoholic and phenolic systems shows'that while two

molecules'of’water-are‘coextracted per fluoride ion into diluté»solutions.of'

“.alcohol, none is coextracted into the phenolic media. An explanation is

suggeéted‘for these.differencés in behavior.
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Introduction
In fecent'years, there has been a great deal of interest in the first4‘
5k, i in e
especially in aqueous
soiution; In.conﬁrast, there has been little experimental work on the primary
solvation of anions. A previous paper treated the solvation of the hydroxide
ion and showed that a‘sblveﬁt~extraction method was suitable for the experi-

mental determination of the alcoholation of this ion in various organic diluents.

The present papér provides an extension of the method to the fluoride ion, which

- 1s isoelectronic with the hydroxide ion, but is not expected_fo show tri-

sOlvafion as did the latter.v

~In suchfstudies, the solvation number of the anion of interest is deter-
mined,from-partition studies by proticIéxtractaﬁtsxwhichrare dissolved in a
relatively inert diluent. The variation in the salf exfracfion, at a constant
équilibrium aqueous salt concentration, with. the éoncéntration of extractant
indicates the numbér of extractant'molepules coordiﬁated to the sélt. For the

sﬁccessful application of this method the extractant should be weakly acidic

and capable of - (hydrogen-) bonding to the anion. Dilute solutions of two

élcohols, benzyl and decyl, and of two phenols, p-phenyl'phenol and 1-naphthol,

i

' weré used in this study. On the other hand, the diluent should undergo only

- a weak interaction with the eléctrolytévcompared to that of the éxtraétént, and.

tdiuene was chosen_for this purpose. Partition of the:fluoride ion into the

- organic phase is promoted by the use of large, hydrophobié tetraalkylammdnium

cations; any specific interaction between such cations‘and the basic centers

~on the extractant'molecule is unlikely, SO'that the observed valﬁe of the

scivation number should then be associatéd exclusively with the fluoride jon.
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By choosing a cation as large as the tetraheptyla@monium ion, extraction of
the fluOride sait was Obtainéd in the presence Of the extractant, While‘With—

out ‘the extractant the blank'value was small enough so as not to interfere

except at the lowest extractant goncentrations.

Experimental

Réagents; A stock solution of tetraheptjlammonium fluoride, TﬂAF, was preparéd
byﬁpartiaily converting the iodide salt (Eéstman'Ofganic Chemicals, White Label)
ip.a@ﬁedus sélution to the fluoride with'Silver fluoride; the conversion was
theh'comyiefed by péséing the'filfered aqueous SOlution; made slightiy basié,
tﬁroughfdn anion exchange column (AG1-XL, Bio-Rad Lébqratorieé) in the fluoride
form. The:final product was standafdized by'é spectrOphotomefric meﬁhoé7.using
é zifconium—élizarin reagent. | |

Benzyl aicohol and l-decanol (Matheson, Coleman and Bell, White Label)
Werévdissolved in toluene (Baker Chemical Co,, anal&tical reagent).té éive
stock solutions in the region of 0.5M. Similarly, p-phenyl phenol and 1-naphthol
‘W¢re weiéhed out iﬁto toluene to‘give stock SOlutions in the region.qf 0.1M.
Sélutions ofil-naphthoi were prepared freshly as required_fo avoid the risk.
of cont&minaﬁidp by.oxidatién. Less concentratéd soiutions.of'the‘extractants
were ébtained'by volumétric dilution; | | | H
Proceduré. The -solutions of THAF;_containing'a measuréd quantity of 18F— tracer
v(tl/2’= 110Q;L‘were shaken.for 20 minutes with the solﬁtions of algohol in 
-_toluéﬁe.r This equilibration time-waé,chosen‘after eXperimentsIWith shaking

fimes varying from 10 to 60 minutes all showed identical'partition of the
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fluoride tracer. The volume ratio of organic phase to aqueoﬁs phase was in
all cases 5:3. The samples were then cenﬁrifuged and 2 ml aliquots were taken
from the orgenic phase forbv-counfing in a well-type scintillation counter
with a 2" X 2" Na(T1)T crystal. The time at the beginning of ‘each count was
recorded.‘ A standard 18F sample containing the same volume of tracer as had
been initially introduced into the extractant samples was similarly counted
throughout the run,and a decay curve was constructéd‘for the standard sample.

The orgahic;phase concentration of fluoride in a sample could then be determined

-as the produéﬁ of the initial aqueous concentration of THAF and the ratio of

organic-phase counting rate to the standard sample's counting rate at the

same instantvof-time. The equilibrium aqueous-phase THAF concentration is

~ then obtained by difference from the initial aqueous-phase and the equilibrium

AorganiCQPhase cohcentrations, taking due regard of the volume ratios of the

two phases.
The prdcédure for experiments with the phenolic extractants was
similar. The volume fatio, organic to aqueous, was in most cases 10:1. How-

ever, ratios of unity, 1:2 and 1:10 were used when the distribution was high

. enough to cause a depletion of electrolyte in the aqueous phase which would

be seribus at a 10:1 ratio.

The partition of 1-naphthol between toluene and water (serioﬁs only
for.one sample, with a 1:10 volume ratio) was determined by preparing a
standard soclution of l-naphthol in watef.(9.0x10-%g) and measuring the absorb-
ance §f fhié,solution and of its dilutions over a 20-fold range at 29OQK.» |
Standardvsolutigns of l—naphthol in toluené were then equilibrated with'waferh

and with aqueous selutions containing varying amounts of THAF, and the
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absorbance of sampies drawn from the aqueous phase -at equilibrium were measured
_and compared to those on the‘standardization curve.‘ | | : o _ o

~ Investigations of the monomer-dimer equilibrium ét 25° for the alcohols
and the phenols in dry foiuene‘wére made on & vapor-pressure osmométer(Model
301-A Mechroiab Inc.;'Mountain View, California). Known solutions of biphenyl
were lsed tb,calibrate.the instrument. | | ’

Water determinations in:the organic phase were made:by;tﬁe Karl

Fiécher'method using,an electrometric end—point; A1l ekperiments,were dbne

at 22 * 2°,

Results

Investigétionsﬁwefe first made_ofvthe‘éxtraction.of water into toluene
solutions of l—naphfhol over the.conéentration range 0.01 to O;5M, and. into
sdlutiéns éf benzyl éléohOl and 1;deCaﬁol oVér the.rénge of alcohol éonceﬁtra—',
fions 0.1 ;vO.SM.  Solutions of these éxtréctants_wére.equilibrated with water,
and thévconcentfétion of'watervin thé'organic phéSe was determiﬁed by the Karl
Fischer method. Extraction into tdluene alone gave a value.fofvthe sblUbilityb
of water in toluene of '0.023M (1it: values8'0.02 - 0.022M), which; when multi- 
piied by'theFappropriate-voiume fractionbof toluene iﬁ avgiVeh SOiutioﬁ of .
| 'éitractant, has béén subtracﬁeé‘frém the méasuréd total concentration of ' o
water iﬁvthe érgénic Phase. lA iOg-lag.plot of these adjusted organic—ﬁhase,
water]ébncenﬁrations vs.-concentfation of aléohOI'is shown_in FigL i and that
'er soiutioné of 1l-naphthol in toiuené is'presenﬁed in Fig;'Q;

By the same method, detefminations~were also made of ﬁater édex£racted

with THAF intc the organic phase. After equilibrating O.586M benzyl alcohol
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solutions with concentrations of THAF ranging from 9. 8 X 10 M to 2 O6XlO 2M deter-

mination vas made of the total concentration of water in the organic phases. Since

'the activity of water in a 0.02M solution of THAF will be very close to unity,.
the difference'between the measured concentration of water and that which would
extract into  the benzyl alcohol in the absence of salt gives [H 0]', the

concentration of coextracted.water The mean of the. ratios [H O] /[THAF]

'which are shown in Table I is 2 3+ 0.1.

TABLE T

Water Coextracted with THAF into O.386M Benzyl Alcohol in Toluene

) ' ' _ [H 0]
Equil. Conen.. ‘Total Conen.: Conen. o _ 2.
THAF (org. ) HQO(org.) Hgo(alc.)v [E01" , [THAF]
.06 X 10°° 6.06 X 1072 1.2 x 10°° b9 x 1072 o.h
1.32 X 1072 415 X 1072 1.k x 1072 2.8 x 1072 2.1

9.8 X 1072 3,98 x 1072 1.6 X 10‘2_ 2.4 x 1072 2.5

Similar eﬁperiments performed with solutions of l-naphthol showed thati
no meagurable quantity of uater was coextracted with THAF when theeiatter Was.
extracted by'solutions of i;naphthol‘in toluene. - |

For extractions of THAF intovdilute solutions of alcohol in toluene,i

aqueous concentrations of THAF from 0.0005 to 0.05M were equilibrated w1th

- solutions of alcohol over the concentration range O. 07 to 0.5M. A log- log

)

rliot of organic-phase_concentration vs. aqueous concentration of THAF for
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extract1ons 1nto O l95M benzyl alcohol and 1nto 0. thM l decanol in toluene
' 1s.shown in Flg 5 The extraction of THAF into toluene alone is not signifi-
cant over thls range of conoentrations and so'no blank correction’is necessafy.
The solid lines represent”experimental data and ~the dotted lines show_the .
same data'oorreofed.to a constantrequilibrium concentratlon of alcohol, en‘
adjustnent which will be’discussed'later; |
..  Fiéures ﬁ and‘5v'show'fhe dependence of the_exfracﬁion on'alcohol con-
' centfation_for the systems involving benzyl-alcohol'ahd l4decanol;'respectively,
: Wnerehthe'oontinnons lines denote experimenﬁal data and the:dotted'lines show
.the’data after'conreotion;ﬁo'a consfént aqueous conoentration of THAF and to-
equlllbrlum velues of elcohol concentratlon. |
Extractlons “into dllute solutions of l-naphthol and pﬁphenyl phenol
sre shown as & functlon.of aqueous THAF concentratlon in Pigs. 6 and 7,
resﬁectively,'whefe the continuous and deshed lines have thelsame'significanoe
as in Fig. 3. The dependence of thevextraction on-phenolris shown in Figs. -
8, 9,.16} an&kll;and is correcned to the eppropriate»constant soueous.salt
concentration (see Discussion seotion). As can be seennin Figs. 9, 10, and
ll,'at very_low ooncentrations'of phenol the organic concentration of.THAF N
fattains a constant.value,and_is effectively a measure of the extraction into
_ toerne;alone;.:These;valnes, faken'asfl.E‘X~lO-8M,Al.O'X 10*§M,véndﬂl:5'x 1075@»
vianigs..9; lQ,aand 11, respectively, ha#e been subtractedvfrom all oﬁﬁéi bolnts;
tne correctea curve is shown with solid sqnares} | | B "
In the few cases where a‘l lO volume ratio of organlc phase to aqueous v

phase wa's used allowance for the small losses in extractant concentration to

the aqueous phase have_been made by determining a partition constant for
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1l-naphthol between toluene and water, and also between toluene and 2.7hx10-%g
THAF in water. In both cases a value for D, the ratio of organic concentra- .
tion to aqueous concentration of 1l-naphthol, of M6.5_i 1 was found.

Data from vapor—préssure dsmometry experiments yield a mean molecular

weight of the extractant. The values so determined‘for'the.extfactants‘in dry

toluene over the concentration ranges used in this work agreed, within experi-

. mental error, with those expeéted for the monomer, and one would not expect a

greater'tendency for association in wet toluene. As an example, Table IT

gives the results found for 1l-naphthol in toluene.

TABLE II

Mean Molecular Weight of 1-Naphthol in Toluene

.Concn. (molar) Mol. wt. (obs;)
0.26 149
0.17 - : Cdkk
0.085 . C1hy
0.0k3 o S | 148

 Molecular weight of monomer = 144.16
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Discussion
" Aleohol-E,0 and Phenol-H,

water and extractant is independent of any other extraction equilibrium that

0. - Tt has been assumed that the equilibrium- between

may occur in the system. For the equilibrium

nROH(org) + H o

2

0 = H,0.nROH(org) B - (1)

vhere ROH.repfeSents an alcdholic or a phenolic extra¢tant, the equilibrium

" constant is given by

e (H,0 .nROH) EHEO;HRQH]QYH 0.nROH .
» 2 | | 0. (H20> . ROH] & ROH

“In the'abovevexpréssion parentheses denote activities; brackets, molarities;
and Yy , molar activity coéfficients. It has been assumed, since the concentra-
tion of extracted water is much smaller than that of the extractant, that the

complex is a monohydrate. Furthermore, in the relatively dilute solutions -

studied, it might be hoped that the acﬁivity coefficient ratio will be constant.

"Then eq. 2 can ‘be rewritten

Kﬁ': - [B,0.nROH] |
0

o i [Ron]g(ﬁzo)

(3).

IT the water’aCtiviﬁy remains. close to unity, eq. 3 suggests ﬁhat a log=-log

plot of [HéO.nROH]O vs. [ROH]O will yield the value of n.

(i
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 A log-log plot of organic-phase water concentration vs. initial con-
-oenﬁratiOn of ROH, Fig;.l,'shows at low conoentrations of~alcohol a line whose
gredienf ettains a vainehbetween l_and 2, but is cloee to 2. Tnie suggeste
that two aloohols are complexed to one nater. A correction of the data to .
the equilibnium,rather than‘initial; concentration of alcohol by means of the

relation [ROH]O = [ROH] initial

- n[HEO]o wae applied. This brings even the
points at'higher aioOhol concentraﬁions‘onto a line.of slope 2.0, nifh a value
of K'Heo = 0,15 for both the benzyl elcohol and the l—decanol systems. |

The data obtained for the system water—'i-naphthol were similarly

treated. A_log—log plot of organic-phase water concentration ageinst initial

‘concentration of l-naphthel, Fig. 2, shows a slope of unity suggesting only

one naphthol per extracted  water. The correction to equilibrium concentra-
tions then generatesva line of slope n = 1.0 with K'H 0= 0.15.  The more

. o v
strongly acidic phenols surely coordinate to water through their hydroxylic

proton, ROH.O.;OHE, and one molecule is sufficient to solvate tne_water

moleculé. This is in contrast to the alcolicl systems where a disolvate was

observed, and where we are not sure of the direction of the hydrogen bonds involved.

ROH-HQO-THAF.- . The equation for the extraction of a tetrealkylammonium :

fluoride into a dilute solution of a protic extractant in an "inert" solvent,'f

can be written

: - - + - . : s
mROH(org) + mH,0 + RN’ + F , RN ++ «FimH,0 .nROH (org ) - (k)

‘or

 nROH(org) + mH0 + RN +F - RLLN+(org) + F .

QO.nROH(ofg) (ko)
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depénding oh whether the specles in the organic phase is associated as ion
pairs (ka), or dissociated (b).

Thé corresponding equilibrium constants are

_ e . ,
2 : (RN ...F ,mngo.nROH)o-= [RMN‘,..F‘.mHQO.nROH]OyO | (58)
ARIE RN () (1,07 (ROR)D  (RNT) (F7) (,0) [ ROET Dy |
.d (@Y (F aEo.RoE) (RN [F.mE0 nﬁOH} 2
/ R N - ) Aot TEQVLIRVRS Yy

: (5b). ,

: jeﬁumf‘*

T+ - T am - Fy o= m nn.
_ N _ ROH
(RN (FT) (EQ)(ROE) ) (RNT) (F7) (H,0) LRORY v
, o
“Activity coefficients of THAF in water have not been determined and
S0 the product, (RuN+)(F*), in eq. 5 must be replaced by a product of concentra-
tiohs. This is not expected to introduce significant errors for the dilute

" solutions used in this»work,,since, at higher salt concentfations, values of

the molal aqueous activity coefficient,,y+, for tetrapropyl and tetrabutyl
:am@ohium fluQride9 are known and they are still not far from unity (TPAF 7+
=-0.859, m =0.1; TBAF 7y, = 0.90k, m = 0.1), and somewhat larger values might

be eXpected to obtain for THAF in water. Also, the activity of water remains

vﬁery nearly unity; 'Furthermore,.for-the dilute solutions considered here, the -

O

ratio of organicephase activity coefficients in eq. 5 is again assumed to be con-

N

stent. If the numerator of eq. 5 is replaced by [Fi]z to represent the organic
phase coﬁcentration of salt, with z = 1 for case (a) and z =4é for case (b),

then both reduce to the simpler form

R
. - IFT
R IF

I 1R IR (RoR]®

(6)
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Whether association or dissociation obtains in the organic phase can
be determined by studying the extraction as a function of the aqueous THAF

céncentration at a constant equilibriUm concentration of extractant. A log-

. - . + . ,. . ) N : ) v'
log plot of [F ]o vs. [RhN 1[F"] is shown in Fig. 3 for extractions into

O.hBBM l1-decanol and into>0.l93M benzyl alecchol. At_low.aqueous coﬁcentra-
tions of THAF thé slope has a value of unity correspondiﬁg to thé-value

z ;'l.éhd indicatingbthat'the extracted éalt is ion pairéd.- At the higher
éoﬁcenﬁrations'bf THAF an increasingly 1argezfractioﬁ of alcohol is complexed
with the extractea species, and a cdrféCtioﬁ to the condition bf constaht
(initial) equilibrium alcohol cbncentration is necessary. The corrected
vvalue of Qfganic concentration of THAF is obtained_ffomvthé expreésidn_

(justified below)

[F7]! = [F_]éfROH]ZV[ROH]Z n . . o _:(7)

- where the primed quantities refer to the desired condition of fixed (initial)

initial’ -and unprimed

Quantities refer to the measured equilibrium valués, with

[Rom]_ = [RoH],

initial - 2 PROH.HLO] - MF T . :(8)

It can be seen that the corrected concentration [F-]; raises the points to

- the dashed line of slope 1.0 and indicates that the extracted species is an .

ion pair -over the entire range of concentrations studied.

o,
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At a constant equilibrium aqueous concentration of THAF, a log-log
‘plotIOf (F;]‘ #s. equilibridm”concentratlon of alcOhol'should‘generate:a line
of slope n, where n is the number of extractant molecules in the complex.
Such plots have been constructed for extractlons by benzyl alcohol in Flg L. 1%
:'When plotted agalnst 1n1t1al concentratlon of d@lcohol the line has a sllght
vcurveture and‘a.gradlent that lies between 3 and h. ThlS suggests that four -
molecules of elCOhol are lnvolved in the extracted'complex. Correctlons to‘
lthe actual equilibrlum alcohol concentration by means'of eq. 8 with the -
'suggested value of n=l gives the points in Fig. L plotted as open circles..
vThese»do,-indeed, fallbon a line of slope n = h.O,vvalidating.the use of
‘ﬁ[F;jé in eq. 8 and giviné the quartic dependence’on elcohol cOncentration
_uSed in\eq,'7.

.Vlf'the molarity oflTHAF in the aqueous phase'islnotlheld conStant,
bnt“instead, istaried simultaneously with the concentration of alcohol, then
a raluetfor‘the solvation number may be determinéd from‘a'loéflog plot of

/[R N ][F 1 vs. [ROH] This procedure=was followed'for‘extractiOns‘into
solutlons of l decanol and, as shewn in Fig. 5, also’ glves a value n = 4.0,
again after correctlon to equlllbrlum alcohol concentratlon. |

Further 1nterest 1in this system attached to the problem of determlnlng
'm,.theﬁnnmber;of water molecules coextracted per_molecule of THAF. As descrlbed
"in the Results section,vthis investigation rerealed the presence of somewhat
more than two molecules of water'ertracted rer ion peir of THAF., The presence
of'coextracted ﬁater seems to reflect the difference invécidity between water v

and an-alcohol. Water is a stronger acid than the alcohols used here and,

+ly

urthermore ,  vater molecules may well be able to approach the site of anionic
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charge niore closely than can those alcohols, and to this extent will be more
able to satiéfy the solvation requirements of the fluoride ion in the’orgénic

medium. But on the other hand, a water molecule, in particular one bound to

a fluoride ion, obtains better solvation itself from other water molecules in

the aqueous phase than from the dilute organic—phaSe_aicohoI éolution, and

such a'lack of secohdaryisolvatioh should hihder its’doeXtractioﬁ}' Thus, in
the'éompetitiOn between water'and a1éoho1 to oomplex“with‘the extracted épécies,
a balance is achieved ﬁhereih the resultant is an ion pair sleaﬁed by both,
€.8., [RhN+.;;Ff(HQO)h(ROH)u]O, vhere m, in the region of concentration of IF—}Q

~ 0.0lM,,bas a value around 2.

There is probably a stronger hydrogen—bonded'interaction between the

- fluoride .ion and'benzyl alcohol than between that ion and 1-decanol. The aryl

~ group tends to withdraw electronic charge away from the terminal:hydfoxyl grbup

and so the formal positive charge on its proton is greater than that on the

same site in l-decanol. The consequence of this stronger solvation by benzyl

‘alcohol is reflected in the higher values of the distribution coefficient than

thbsé for- 1-decanol under otherwise identical conditions. A_similar difference
between the use of bénzyl alcohol and l—decanoi»has been observed in an'eérlier
study of hydroxide éxtfactions. '

| The phenolic extractants used in this work have acidity constants

which are at least seven or eight orders of magnitude greater than those for

 the alcohols. It can be argued that the use of phenols should thus yiéld much

better extraction of anions into the organic phase than the alcohols bédause

" of their enhanced coordination to the'anion.. Additionally, -their greater

lacidity,rand»hence greater solvating ability, may well be sufficient to cause. .
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avreduction in the soivation nunber of thevfluoride ion in the tolnenevphase.:
As'nithfthe'aicohol-toiuene systems already described, ’the dildté'phenolic
systems studied mlght be expected to yleld an 1on—pa1red extracted spec1es in
the toluene dlluent of low dlelectrlc constant. Indeed the data plotted in
‘Figs. 6 and 7 for the extraction of THAF by a constant ‘concentratlo_n,- 7.1_+ X -
thjg‘p—phenyl phenol'and 6.4 X 10_5M 1-naphthol, givefiog—log slopes.of'l,'
indicating thatlin both cases the organic species is anxiOn pairﬁ
figure 8 shows the dependence of the extraction, at a fixed aqneons
'concentration of THAF, 2?7& X 10-%g, on'theeconCentration of l—naphthol.
‘After the'data ha&e“béeh corrected to a constant aqneous eqnilihrium concen-
vtration;.there>appears'to'be'atdiscontinnity in gradient at a:naphthol con-
'centration'of aboﬁt h X lO_jM; .A’line'of SiOpe two drawn_throughfthe.lower._
‘Yp01nts (Where the various corrections are negllglble) and extended as a
'dotted line to higher concentratlons ylelds organic;phase salt concentratlons
. which may tentatively be identified as those of a disolvatedvspecies. - Sub--
traction from the total experinental concentration of [F;]b'allOWS dirision of
‘the measured concentration into a disolvate and arhigher conponent. Final
v_corrections to equiiibrium naphthol'concentrationkare then made'commensurate
_with the amount of di- and assumed tetrasolvate in the organic Phase. ThlS'
';ylelds a slope of 3. 8+ for the upper line, suggestlng, 1ndeed the presence
~of a tetrasolvate.. The extraction from an aqueous concentration of 2.7hjx
-3 o

.10 M»THAF as a function of p-phenyi phenol concentration, Fig. 9, shows

. more unamblguously a dlscontlnulty at the same order -of phenol concentratlon, '

w1th a dlsolvated.lon-palr below.h'x 10 3M p-phenyl phenol and a hlgher

'sclvated species.above this concentration, and the various correctlons also

-

v o
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generate a line of slope 3.8. At a still higher initial concentration of THAF,

2.7 X 10'2g,extré¢tions into both p-phenyl phenolland 1-naphthol solutions
show, over mostfof the acoéssiolé range-of extractantvconoentrations,tné'nresence
of- the diSOlvéted'speéies (Figs: 10 and 11). But under these conditions, already
étlo.001g extféctant,ﬂapproximately'20% of the phenol:is compleiéd:as a disolvate.

3

Beyond this concentration and through the critical region of h_k 10 ﬂ; the con-
ééntration of THAF in the organic phase is so high as to_make the tetrasolvated
complex a physical impossibility. Tt should be noted that the question whether a

small fraction of trisolvated species is formed in the transition region between

the disolvated and tetrasolvated fluoride ion is left unanswered in the present work.

There is already considerable experimental evidence that phenols do .
undergo stronger interactions with halide ions than dO'aloohols..-Studies of
Vthe acidity constant of HCllO in dioxane éolution in the presence of small
amounfé of phenolé'showvincreases‘in K, which are much greatér than those
induced by the'addition of alcohols. Also SwainILhas studied the réaction
betwéen triphenylmethyl chloride and methanol in kénZEne and an excess of
pyridine; in nhich the first step involves thé ionization of the halide.
Stronger soiVatiOn of the chloridé ion seems tobtake place;when emall amounts

of phenol (pKé=9,998) are introduced into the reactants and the rate of forma-

"~ tion of the methyl ether is inoréased'by a factor of séven, while the addition

of p-nitrophenol (pKé=7.lh) inéreaseé the rate twentyfold.
The consequence of stronger acid-base interactions between:thebfluoride
ion and phénolic extractants;rafher than alcohols is that, over a considerable

concentration rénge; only two‘molecules of the phenol are required to solvate

- the ionrpair, whilebfour molecules of alcohol are réquired. An extension.of
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this’iaea suggests that still stronger anion-extr;ctant interactions, as might
be §btainéd with a still mofe:aéidic'extféctant such as a lOHg;chain Carbbxylic
_ . . : . @
acid, may yieid a still smaller coordination number.
| A sécond cbﬂSequenée.of the sﬁronger anién interactiéns‘with phendi  ‘ s
Bds to ao:ﬁith the‘coéxtracted water;'bAsvhas beén>alreédy meﬁtioned;‘wéter_
is‘a é%fonger:acid_than-aithol’and:may #olvaté anions mbre effectively;énd
' dOes; in fact, appear coofdinated with the fluoride ion in thevélpbhol éxtrac-_
fion systems.: Howevér;vin the phenolic sYstemé,.the,phéndl-prévidésfa_mofer
aciaié site for the sOlvation of anions,and_so-might be expécted'to displaée
”thevwatef.- A study of»thg'water’ﬁéhaﬁior in:fhe organie phase showé, indeed;_
that no detectablevamoﬁnt of waﬁer_is éoextracted With'the fluoride ioﬁ,
| From this stﬁdm»and the,previoﬁs one -on the hydrdxide ion,it»appéars'
véleaf’that the COOrdinatiQn numﬁer of_small anions toward acidic molegules can
be determiﬁed by the solvent extracﬁionbméthod used, and that this coordiﬁa—v
.tion number decreages with increasing‘acidic strength of the solvating mole-

cules.
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