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EXTRACTION OF HClOu AND HReOu BY DILUTE SOLUTTONS OF TRIBUTYL PHOSPHATE

IN BENZENE, sym-TRIETHYLBENZENE AND CHCl51)

J. J. Bucher and R. M. Diamond
Iavrence Radiaticn ILaboratory
University of California

Berkeley, California 94720

 October 1968

-ABSTRACT
The extraction of HCth or HReOh into dilute solutions of tribulyl
rhosphate (TBP) in benzene, sym-triethyl benzene and chloroform has been

studied. Tn the benzene and chloroform systems only a two-TBP acld complex

.was found; wnile in triethyl benzene a three-TBP acid complex was also found,

depending upon the TBP concentration.

It islsuggested that in all cases the extracting species is based
upon avhydronium ion core which is ion paired to the anion, i.e.,
nTBP'H30+-§H20...CiOL. In benzené, the value of g =2 and p is ~2. It is
also sugggsted fhat the v&riaﬁioh in coordimation number and in extraction

coefficients in these diluents and in those studied in the previous paper

can be plauSiBly.explained on- the basis of the properties of the diluents.
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Introduction

- _ In-the first part'of this studygvdealing with HClOu or HReOLL extrac-
tion by rlbutyl phosphate (TBP), three typns of dlluenus vere used: iso-
octane, an exanple cof a veldtlvely inert hyqrocarbon, CClu, a2 halogenated
diluent capable of moderatc dLSOEfS]On force interactions; and 1,2-dichloro-
ethane, a solvent of relatively high dielectric constant. Althougﬁ siepwise
complexing, namely a 2TBP-acid and a 3TBFP-acid, occurred with isocctane and
CClh in the.range of TBP concentrations euployed, it vas demonstrated that
more than one mole of water co-extracted with each mole éf acid, and it wvas

uggeSued that the fundemental species extracting was a solvated hydronium

perchloraue or perrhenate. The TBP and the additionzl water were thougnt to

+

be bonded'to the three positive sites of the 5O ion, and indeed, no complex
higher than 3 1 was found in the TBP concentratl ion range investigated. The
diluent CClh vas better able to stabilize the 2:1 complex than could iso-
Qctane; the CClh did this both indirectly by means of its interaction with
TBP, vhish reduces the effecb1v> concentration of TBP, and directly through

o B 5
of the

0]

its solvation of the acidic cation by dispersion force interaciion

chlorine atoms. The solvent of high dielesctric constant, 3,2-di chlov ethane,

f-te
;‘,.
fo
cl-
ct
g
Fe
)]
|..I
O
(4]
1)}

permitted dissociation of the extracted ions., It was suggested
of interaction with the aznion required the byo*onwum cation to obtain its
solvation more completely from the TEP, thus yie ding only & 3TBP CO“DlE&
over the range of TJP concentrations exarinad.’

In the present stﬁdy the extraction of HClOl or IR Oh 7ith dilute

TBP will be exanmined in two more types of diluents: benzene and 1,3,5-triethy

benzenoe, representing basic, aromatic diluents; and CHClB, an ecidic solvent.
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The first type is expected to interact primarily with the acidic (2TBP-acid)
cation, enhancing acid extraction, and the second type via its acidic hydrogen,
should react mainly with the basic TBP molecule, thus depressing extraction.
As before, Reoi tracer was used to determine the organic-phase acid concentra-
tions, and the data are presented in the form of log-log plots with the aim of

determining whether the species is én ion pair or is dissociated, and what is

the value of n, the TBP coordination number .

Experimental

Rgagents: The HClQl+ and ﬁReOh solutions were prepared and standardized
as described in the previous paper.2 The 186Re tracer solution was prepared by
irradiating KReOh with neutrons in the Vallecitos reactor and dissolving the
product in distilled water. The benzene and chloroform were Baker and Adamson,
. Reagent grade. The 1,3;§-triethyl beniene was obtained from DuPont, and was
purified by washing with conc. éulfuric acid, sodium carbonate, water, and was
then distilled.

Procedure: Standardized solutions of either ﬁClOu or HReOh containing
radioactive 186Reo); were shaken for not less than one hour with diluted TBP
solutions. After centrifugation, aliquots of both the organic and agqueous
phases were taken for y-counting in a well-type Na(T1)I scintillation counter.
Knowiﬁg the original éoncentration of acid and specific activity of the tracer,
the measured counting rates yield the equilibrium concentrations of HCth or
HReOu in each phaée. In some instances where sufficient acid extracted,

acid-base titrations were used to determine the equilibrium acid content of

each phase.

47}
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The organic-phase concentration of water bound by TBP and the amount
of water coextracted with'HCthjmre analyzed by both the Karl Fischer method
uéing a dead-stop end-point, ahd by means of tritiated water counted in a .

room-temperature ligquid scintillation counter.

Results

The uncorrected experimental results are shown as log-log plots in
Figs. 1-7. These data are indicated by circles and are connected by solid
lines. Corrections made‘to the experimental points, as described in the
Discussion section, are indicated in each of the plots by square s&m£ols and
are connected by dashed lines.

The log-log plots of organic-phase water concentration vs TBP concen-
“tration are~showﬁ in Figs. 1 and 2 for TBP-benzene and TBP--CHCl3 systems, re-
specfively, for a water dctivity of unity. The amount of water extracted by
the diluent alone, calculated as the product of the molar solubility in the -
diluent and the volume fraction of diluent in the organic medium has been
subtracted from these water chcehtrations (water solubility in benzene,

3

0.0Bth; literature value, 0.031 M~ at 23°C; water solubility in CHC1

3
0.070 M, literature value, 0.070 M 5 at 24.5°C). Figure 3 is a log-log plot
of organic-fhaSe water concentration vs activity of water for 0.60, 0.30, and
0.10 M equilibrium TBP in CHClj. The diluent water (corrected for both the
vater activity and the volume fraction) has again been subtracted.

The log-log plét in Fig. 4 is of organic-phase acid concentration vs

the produét of the aqueous activity of HCth times the water activity to the

appropriate power (described below) for O0.734 M, 0.367 M, and 0.183 M TBP in
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benzene. Perrhenate tracer out of perchloric acid was used to determine the
organic-phase concentrations for the 0.367 M TBP data, while acid-base titra- -
tions methods were used for the 0.73h4 M and 0.183 M TBP data.

Figures 5 and 6 show the log-log dependence of the organic-phase acid
concentration on the TBP concentration fér benzene, CHClB, and triethyl benzene.
Perrhenate tracer out of perchloric acid was used in both the benzene and tri-
ethyl benzene systems, -while perrhenate tracer out of perrhenic acid was used
in thé CHCl5 case to determine the concentration of extracted acid.

The relationship between coextracted water and the organic-phase acid
cqncentration is shown in Fig. 7‘for benzene. The total amount of water ex-
tracted, exclusive vathé diluent water, is shown by curves 1 and 2 for TBP con-
centrations of 0.734M and 0.183 M. The difference between the organic-phase
water concentration when acid is present and that which extracts into equivalent
" solutions of unbound TﬁP alone (but corrected to the appropriate water activity)
is indicated by curve 3.
| In those figures where ReOi tracer was used as a marker for ClOi, the
values plotted for.the organic-phase acid concentrations,[H+]o, may be up to a
factor of two too high, as ReOL extracts slightly better than ClO;. But as long
és the amount of TBP complexed with the extracted acid is small, correctihg for
| this behavior would result only in a parallél'displacement of the data and not
a changé of slope, so the apparent values of [H+]6 as determined from the Reoi
tracer are presented directly. When ReOi tracer out of HReOh was used, the

above problem does not‘arise, and the plotted values of organic-phase acid -

concentrations are the actual amounts.
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Discussion

TBP—HQO. The equilibrium for the distribution of water into a solution of

TBP in an orgenic diluent may be written:

nTBP (org.) + mH,0 = mi, 0 nTEP (org.) (1)

2

The corresponding equilibrium constant is

(mit, 0-nTEP) [mH,0°n7BP) yyo YH,0 @)
= moW(Tepm o W mpin v o o
H,0 (heo, ,(LBP)O_ (;{20) (1BP12 ¥R | 20 ¥ipp

where paréntheses signify activity, bracketis denote molar concentrations, and
Yy is a molar ectivity coefficieht. With the assumption that the ratio
yHQO/y;BP is a constaﬁt in the dilute solutions_gsed, as discussed and valid-
ated in the previous paper,2 Ea. (2) sugge3t$ trat a log-log plot of the
orgaﬁic—phaSe vater -concentration vs’the equilibriwn TBP conceniration should
generate a line of slope n, vhere n is the number of TBP molecules coordinated
in each extracted water complex. Such vlcts are shown in Figs. 1 and 2 for the
TBP-benzene and TBP—CHCJ.3 sysfeﬁé at a vater activity of unity. The data
connected by a solid line results from plotting [HEO]O vs initial concentration
of TBP; the water éxtrécted by the diluent alone has been subtractea. At TBP
concentrations belov 0.1 M in benzene and below 0.8 M in CHCl3 it is, seen fhat.
the piots"yield aISloée of unity. This suggests fhat a.vater complex‘with,
only one TBP molecule dominatesvat these and lower TBP .concentrations.
Cofrecting tﬁese data from initial TBP concentrations to equilibrium TBP .
values by .subtracting the arcunt of TBP bound to water on the basis of one TBPA

per H,0 molecule extracted (see below), leads to the dashed lines in the figures.
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By performing thevcomplementary experiment of measuring [HZO]O at a
fixed TBP concentration but with varying aw, it can be determined how many

water molecules are involved in the TBPswater complex. In Fig. 3, data for

[HEOL) vs a_ for equilibrium concentrations of TBP of 0.10, 0.30, and 0.60 M in

CHC1, are shown.h Lines of unit slope can be drawn through each set and this

p)
indicates that m = 1; only one water molecule is involved. Because of the
similarly low concentrations of water involved in-the benzene-TBP system, we
feel it likely that there too, only one water molecule is in the extracted com-
plex at low TBP concentrations. Then we can calculate the value of Kﬁeofor the
1:1 TBP:H,0 complex (i =m = 1) below 0.1 M TBP in benzene as 0.28 (hol/l.)'l,
and below 0.8 M TBP in chloroform as 0.18 (mol/l.)'l.

These equilibrium quotients involve species in two phases, TBP and

5

TBP+H,_ O in the organic phase, and water in the aqueous phase.” Thus a number

2

of equilibria are involved: the distr}bution of water between the aqueous and
organic phases, and the competition of the diluent and extracted water for the
TBP. If one wants to concentrate attention upon the latter competition, it is
- more meaningful to remove the effect of the distribution of water and to work
with a quotient involving only organic-phase species. This can be done by
dividing the mixed-phase quotient by the solubility of water in the diluent
(éolﬁmn 2, Table I) to yield the equilibrium quotient for the organic-phase

reaction.
H,0 (org.) + TBP (org.) = TBP-H,,0 (org.) (3)

These are given in column &4 of Table I, and it can be seen that in contrast to
the range of only two in the mixed-phase quotients (column 3) between isoctane

and chloroform, there is now a factor of 13. The order of the organic-phase

o

N
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Table I. Constants for the bonding of HEO by TBP in various diluents.

o

-‘Diluent wa%221:;§23311ty KH20 KH20

' (Ee. (1) ) (Bqe. (3) )
isooctane 0.00352) | 0.12°) 3l ’
CC1y, 0.0086) o.157) 18
benzene | 0.031 ' 0.28 | 9.1
CHCL 0.070 0.18 2.6

3
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quotients feflects primarily the interaction of the diluent with TBP, whereas
the mixed-phase quotients also directly involve the compensating effect of the
diluents!' interaction with water. Isooctane may be taken as the relstively
"inert" standard diluent; since it provides poor solvation for water, the
water solubility is low, and since it also provides poor solvation for TBP,
the TBP and organic-phase water are free to complex with each other, yielding
the largest value of Eﬁeg; At thé other extreme, chloroform, through its
weakly acidic hydrogen, interacts with water and thus has the highest water

_ solubility, but it also interacts relatively strongly with TBP, reducing the
latter's effective concentration. Both reasons.produce a small Eﬁzo. It can
be seen from Table I that benzene also has a loﬁ value for Rﬁzo, suggesting a
significant interaction Eetween benzene and TBP. This has been indicated
before by activity coefficient measurements.s-ls We believe that this inter-
action involves the mr-electron rihgs of benzene and the phoéphoryl group of
TBP. To a perhaps smaller extent, the electrons on the chlorine atoms of CClu
contribute to a similar interaction with TBP.

Thus, althoggh the values of KH2O do not show a very great spread
and are somewhat difficult to interpret because of the compenséting behavior
of the diluent interactions with water and with TBP, the ﬁalues of R%QO show
a much greater spread and are interpretable in a plausible way.

At‘higher concentrations of TBP then the limits mentioned earlier; it A
can be seen (Figs. 1 and 2) that the data no‘longer follow the line of unit
slope, but increase at a faster fate with increasing TBP. This result may

7,1k

indicate that a higher‘TBP—water species is forming or that the assumption

of a constant activity coefficient ratio may no longer be valid. As was
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suggested previously, both processes probably are occurring, but the present
data are insufficient to establish which is the more important.
TBP—HQO—HCth and —HReOh. The extraction of HReOh or HCth by TBP solutions in low

dielectric constant media where the extracted species are ion péired may be wfitten

B+ X+ XH,0 + nTBP(org.) = H+'nTBP'XHQO...X—(org.) (%)

with the corresponding equilibrium constant

(" -nTBP3H,0...X")

2 o o | (5)

m " (e )P (,0) (%)

E]

If we make the reasonable assumption that the ratio of activity coefficients
yHX/ygBP is a constant in the dilute organic-phase solutions employed in this

study (the variation of both coefficients is initially of a similar nature),

then where this assumption holds

(B nTBP X1 0...X7]

_ 2
[7BP] " (,0)*(6'X")

K2

n

(6)

where Ki is the mixed equilibrium quotient and brackets indicate concentrations.
Thus, if the TBP concentration is held constant, a log~-log plot of the organic-
phase acid concentration, [H+]o, vs the aqueous-phase aptivity product,
(H+X-)(H20)x = agy> should yield a straight line and a value of unity for the
.slope, demonstrating that the extracting acid species is an ion pair. Such a
plot for 0.73L4, 0.367, and 0.183 M fBP in benzene is shown in Fig. 4. Three

is the value used for the number x, as described later. Over most of the

range of exfracted acid, the points lie on lines of unit slope; suggesting

that the extracted complex is indeed an ion pair. At high concentrations of
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.[H+]O, where curvature in the plot becomes noticeable, an increasingly large
fraction of the TBP is complexed with the extracted acid. Since such TBP is
no longer free, this represents a serious departure from the required condition
of a fixed [TBP]. The value of [H+]o can be corrected to a fixed concentration
of TBP by means of the following equation,

+ )

(H']

o

[H+]O[TBP];n/[TBP]2 . ‘ (7)

For benzene, n = 2, as 1s shown below. It can be seen that the points on the
curved portion of the plots in Fig. 4 are thus brought onto the straight lines
of unit slope exfended from the dilute solution regions where correctims are
not necessary.

Simiiar data were not collected for ﬁhe TBP-CHCls and TBP-triethyl
benzene systems, but it is certainly expected that ion pairs would alsc be
formed in these relatively low dielectric constant media. ( e.= L.81 15 at

20°C for CHC1l = 2.28 12 at 20°C for benzene and triethyl benzene).

5 ¢
it is now possible to determine the value of n, the number of TBP

molecules coordinated in the extracted complex for each of the TBP-diluent

systems. By examining log-log plots of extracted acid vs TBP concentratioﬁ

‘at a constant aﬁClOu or aﬁReOu’ the slopes yield directly the value of n.

As in Part Iiof this study, the concentrations of TBP in the plots are initial

Valueé rather than the equilibrium concentrations called for by Eq. (6). This |

does not lead to ;ny‘error in the determination of n, because for conceﬁtrations

below 0.1 M TBP, correction for the TBP bound to water, [TBP-H,0], means only a

2
shift in the TBP scale, and does not change the slope of the plot. Correction

for the TBP bound up in the acid complex must be made, however, and such

A\
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corrected points are shown as squares in Fig. 5. This figure has plots for the
extraction of HReO) tracer out of 1.60 M and L4.07 M HC10) into TBP solutions in
benzene, and for 2,91 M'HReOh into TBP solutions-in CHClB. Lines of slope two
can be drawn through each set of data; the dashed lines are extensions to higher
concentrations. Up to TBP concentrations of 0.1-0.15 M in benzene the agreement
of the data points with the line suggests only a two-TBP coordinated complex is
extracted. The upturn_of the extraction curve at [TBP]> 0.15 M may indicate a
5TBP complex is forming, or, as waé suggested in Part I of this study,2 the
breakdown of the dilute solution behavior (assumption of a constant organié—
phase activity coefficient ratio) upon vwhich the analysis is based. We cannot
distinguish between these two possibilities; thej both may be occurring.

But the m;in feature of the extraction into benzene as a diluent is the
large range of TBP concentration over which a 2TBP complex dominates, and, as
can be seen in Table II, the fact that the value of KZ is larger than for any
other diluent studied. Certainly benzene interacts with TBP itself; activity
coefficient measurements show there are attractive interactions leading to
| 8-13

negative deviations from ideality. If the m-electrons are fesponsible,

" as we believe,vwe might expect stronger interactions between benzene

and éﬁ acidic species than with a basic species such as TBP. This should be
true especially with a 2TBP complex of the hydronium ion, as one positive sité
of the hydronium ion core would be relatively open to basic electron-donating
molecules. The 3TBP complex is essentially coordinatively saturated and should
be 1ess.affécted. While the TBP-benzene interaction,contributes indirectly to
an extended region of a 2TBP-acid complex by lowering the effective concentra-

tion of TBP compared to isooctane as diluent, such solvation of TBP should also
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Table II. Equilibrium quotients for extraction of tracer HReOu.

Diluent

Benzene
triethyl benzene
CHC1

)
CClh

isooctane

Macro acid

HClOu
HClOLl
HReO)+
HReOh

HClOu

<1x107
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lover the value of Kg. The direct interaction of benzene with the ETBP'HClOu

complex should stabilize the 2TBP complex, leading to an enhanced region of

existence, but should increase the magnitude of KZ over that in isooctane, as
is observed experimentally. So the latter interaction dominates in the benzene
system. If so, we can provide é test by using triethyl benzene, rather than
benzene, as diluent. Because of the éthyl groups, the density of m-electrons
rer unit volume is only about'one—haif of that in benzene, and these electrons
are probably also partially blocked from coordinating with acidicvreceptors by

the side-chains. For both of these reasons, we would expect triethyl benzene

.interactions to be less impoftant. As Fig. 6 and Table II show, this is the

behavior observed. For triethyl benzene the log-log plotsiof [H+]o vs [TBP] at
fixed aqueous concentrations of l.§0 M and h;12 M HC10) can be resolved into
two lines (dashed) having slopes of two and_three. This:indiéates both 2TBP and
3TBP complexes are being forﬁed in the same stepwise fashion as earlier observed
for isooctane and‘CClh,e.and the TBP concentration where both species are in
equal abuﬁdance is at about 0.955 M, éompared to 0.09 M for CClh and 0.008 M for
isooctane. Beéause of the reduced ability of triethyl benzene to solvate the
acid cqmpléxes, particularly the 2:1 species, tbe.vélue of KZ is more than 2
times lower than in benzene. But because triethyl benzeﬁe still interacts more
strongly with TBP than does isooctane, the 3:1 complex, though observable in the
rénge of TBP concentrations studied, has a constant 5 times smaller than in
isooctane. |

We have also included a weakly aéidic dil&ent, CHClB, in th§se studied.‘

From work dealing with the activities in the binary system, TBP—CHCl%,lO’ll'.

and the system TBP—CHCLLB-HEO,13 large negative deviations from ideality are
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£

found. That is, throuvugh its acidic hydrogen, CHCl, coordinates relatively

"5
. : 16 ‘
strongly with thé basic TBP molecule,  effectively reducing the latter's

concentration. Bult we expect CHCLl, to interact less strongly with the ex-

5
btrécted acidic sﬁecies, as such interaction could only be through the static v
bond moments and induced moments of its chloriné atoms, much as such-inter— 
actions occur'with CClh. The resultAwOuld be a lowered extraction of all

acidic species in this diluent, andvbecausé of the reducticn in the effective
concentration of TBP, an extension of the region of 2TBP complex to higher
stoichiometric TBP concentrations than in our standard coﬁparison diluent,
isooctene. The results shoun in‘fig. 5 and in Table IT confirm this expecta-~
tion. At an aqueous HReOh concentration of 2.91 M, the log—log'plotvof [H+jo

vs [TBP]%shows essentially only a slope of two, indicating a 2:1 TBP:HReOlL
species; and the value of KZ obtained is the lowest of any of the diluents
studied. .If we ascribe the siight upvard curvatufe at high TBP concentrations

to fhe fqrmation of a2 35:1 complex, ve may determine. an upper limit (some, if

not all, of this effect is probably due to a change iﬁ the activity coefficients)
for that compléx, and this limit is 800 times lower than the measured gquotient

in isooctane.

| The relétionship between sxtracted acid and coextracted water is shown
in Fig. 7 for 0.734 and 0.183 M TBP in benzene. Lines 1 and 2 show the total
_organic4§hase vater concentration 1éss diluent water; while line 3 is the re-
sult of.subtracting»from 1 and 2 the calculated amounf of water extracted by

the remaining TBP. (For purposes of calculating thié emount it was éssuﬁed ) o

bnly QTBP;écid complexes were formed.) The slope of line 3 is a little greater

than three. Thus sufTicient water is coextracted to 2llow formation of the
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proposed central unit of the acid complex, the hydronium ion. The additional
. , ‘
water probably bridges between H50 and the coordinated TBP and bonds to the
third unoccupied site of the hydronium core. It has not been proved, hovever,
that the perchlorate or perrhenate anion is anhydrous, although this is likely.
8-13 .
i

It should be noted that measurements of the activities of TBP n
benzene and CClh yield very similar values. Yet from Table II, it is clear

that the 2TBP complex is cohsiderabiy'better extracted intoc benzene than into‘
CClu. The range of the ETBP complex also goes‘to a higher stoichiometric TEP
concentration in benzene‘than in CClu. We take this to mean that the benzene
molecule, because of its m-electrons, caﬁ better solvate the extractéd acid
complexes, especially the more open 2TBP complex, than can CClu. Both soivents,
however, show better solvation of the acid complexes than does isooctane, an ex;
ample of an aliphatic hydrocarbon diluent. The poor solvating characteristics of
~ isooctane with respect to both TBP and the acid complexes mékes more important
their mutual interactions, and so favor the formation of the coordinatively
saturated 3TBP acid complex.A-Triéthyl benzene is intermediate between an
aliphatic hydrocarbon and benzgne in fhe efficacy of its solvent interaction
via its (somewhat diluted and hipdered) m-electrons. The range of QTBP complex
is greater in this diluént than in isoocfane, but less than in CClu or benzene;

The principal result of the use of CHCl, as a diluent is its hydrogen~bonded

)
interaction with TBP. This binding of the TBP results in the low values of

the equilibrium quotients for CHCl, given in Table II, and also favors the

p)
2:1 compléx indirectly by reducing the effective concentration of the TBRP.
Such behavior contrasts with that in benzene where direct enhancement of the

2:1 species occurs by interaction of the acidic cation with the basic aromatic

diluent.
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.It is concluded that the extraction complex in ali these systems is
built around a hydronium, or partially-hydrated hydronium, ion core. The
number of TBP molecules coordinated to this core can vary from three to two
over the range of TBP concentrations examined, and which of the complexes
dominates at a given TBP concentration is determined by diluent chémical in-
teractions which also hinder or enhanée the extraction of the acid. It is
suggested that this behavior can be qualiéatively explained, even predicted,

on the basis of known properties of the diluents;
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Figure Captions

Variation of water content of organic phaée with TBP cSﬁcentratiqn

in benzéné. ([Hgo]0 = total H,0-H,0 dissolved by diluent.) Line 1,
B, is [H0]_vs equilibrium TBP (ITBP], = total TBP-[H,0]).
Lihe 2 is a continuation of the line of unit slope. .Line 3, 0, V,

is [HQO]O vs initial TBP concentration. V¥ , denotes results using

tritium as a tracer; O, denotes results from Karl Fischer titrations.

Variation of water content of organic phase with TBP concentration

in CHC,. ((H,0] = total H,0-H,0 dissolved by diluent.) 8, is

[H,0]_ vs equilibrium TBP([TBP] = total TBP—[HQO]O).' .8, is

[HQO]O vs initial TBP concentration. The straight dashed line is

'drawn with unit. slope.

Variation of water content of organic phase withAactivity of water

at various equilibrium TBP concentrations in CHClB. Line 1 is at
0.60 M equilibrium TBP; line 2 is at 0.30 M equilibrium TBP; and

line 3 is at 0.10 M equilibrium TBP. All lines are drawn with unit

slope.

Variation of acid content of organic-phase with the product of the

HC10), activity and the cube of the water activity for 0.183 M TBP

(line 5) and for 0.7T34 M TBP in benzene (line 3) as measured by

acid-base titration; and for 0.367 M TBP in benzene (line 4) as
measured by Reoi tracer out of HClO,+ acid. €, uncorrected data;
B, data corrected for used-up TBP. Lines 1 and 2 show the effect

of using n equal to three and two respectivély. Line 2, dashed

portions of lines 4 and 5, as well as lower portions of lines 3 and

: 5 are drawn with unit slope.
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Fig. 6

Fig. 7
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Variation of acid.content of organic phase vwith TBP concentration

in benzene for agueous HClOu concentration of 4.07 M (line 1) and
for 1.60 M HC10) (1ine 2); and with TBP concentration in CHC1, for
aqueous HReO), of 2.91 M (Line 3). .03 uncorrected data; I, data
corrected for used-up TBP. Dashed and lower portions of lines 2 and
%, as well as line 1 are dfawn.with slope two.

Variation of acid content of organic pﬂase with TBP concentration in
triethyl benzene for aqueous HCth coricentration of 4.12 M (upper
curve) and for 1.60 M (lovwer curve). @, uncorrected data; V,
resolved n = 3 lines; other dashed lines, n = 2; B, data cofrected
for used-up TBP.

Wéter content vs HCth concentration in the organié phase (as the
aqueous HClO# concentration ;ncreases) for total TBP concentrations
of 0.183 M and O.734 M in benzene. Lines 1 and 2, 9, are the total
organic-phase water less the diluent water; line 3, B, ¥, is the
total.organic phase water less both the solveht water and the water

bound to TBP.
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