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EXTRACTION OF HReO4, HNO3, HBr AND HCl BY TRIOCTYLPHOSPHINE OXIDE IN

. . *
NITROBENZENE AND IN 1,2-DICHLOROETHANE, AND HYDRATION OF THE ANIONS

J. J. Bucher, T. J. Conocchioli*, E. R. Held++,

: ¥ #
J. A, Labinger , B. A. Sudbury ', and R. M. Diamond
Lawrence Berkeley Laboratory
University of California

Berkeley, California 94720

February 1974

ABSTRACT
The extraction of HReO4, HNO3, HBr and Hcl'into solutions of

trioctylphosphine oxide (TOPO) in either nitrobenzene or»l,2-dichloroethane ﬁas
beeq studied: In both diluent systems when the stoichiometric ratio TOPO/H+ |
was-> 2, the extracting species was a two-TOPO acid complek; wﬁich was dissociated
at low;r orgaﬁic—phase concent:ations. The cétion portion of the acid complex

was found to be anhydrous. Consequently, the coextracted Qater is assumed to

be associated with the anions. . The resulting organic-phase "hydration" numbers
are: 0.4 for CiO -.(ReO -), 1.9 for Br and 3 for Cl™ in both diluents. The

4 4
order of extractability was H_R.eO4 >-HN03 > HBr > HCl, as expected.
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IN'I_‘ROD‘UCTION
In two-previous sﬁudies dealing with the extraction of HReO4, HC104,

and HAuCl K by dilute solutiéns of trioctylphosphihe oxide (TOPO) in benzene,

4

[1); CcCl, and aliphatic hydrdcarbons [2], the organic-phase acid cation

cict ’

'was established to be»a't&o-TbPO soivated proténj‘iTOPO-H+. This "’ ,b _ was

either ion péired with the accompanying anion or still fﬁrther aggregated in thesé‘
low-dielectric diluents. vThe amount of coextracied water was alWays less than

the éﬁount of acid extracted ‘(especially for the HAuCl4'coﬁplexes). Clearly

>the TOPO was extracting a bére ﬁnhydréted prétpn, somewhat similar to‘the situation
with the‘even more baéic trialkylamine extractants; CompafiSon\of the infra-rea
spectfa [2] for these TOPO'céhplexes with those of the less basic extractant

fributyl phosphate‘(@BP), an extractant which does fit the hydronium ion-core -
‘ o . ) ’ .
model, revealed a totally different absorption pattern. Those peaks which we

thinkvarevcharactéristic of a hydronium-ion-based acid complex (the spectra for
TBP being representative) were absent in the TOPO spectra, while a new peak at.

much longer wavelength appeared. This result confirmed that the cationic portion

of the TOPO-acid comblex is very different from the hydronium-ion-based'core of

many TBP systems..

It was thus of interest to extend this study of acid extraction by TOPO
to other acids, for if we can demonstrate that the same anhydrous cation is .

involved, then a determination of the coextracted water would indicate the

amount of water bound to the anion. This would be particularly true if a diluent
o - " . - ) . N

is used that allows dissociation of the cation-anion pair. So in addition: to a

- study of HReO, or HCI1O extraction by dilute TOPO solutions, acids with

4 4

progressivély more basic an}ons, namely ‘HBr, HCl, and HN03, have been examined.

N
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A

'It(is expected that the greeter.aqueous anion'hydration for these‘latter‘acids
will'be reflected in decreased extraction iﬁto the oréaﬁie-phase and inc:eesed amounts
of co-extracted water. .To prevent any aggregation beyond ioh pairs and, in fact,
toufedhce the amount of ion pairing.itself, 1,2-dichloroethane (€ = 10.4 [3] at

25°C) and nitrobenzene (€= 34.8 [3] at 25°C) were used as diluents.

EXPERIMENTAL

-~ A. Reagents ‘ ) ©o-
The TOPO used was obtained from Carlisle‘Chemical'Corp;, Reading, Ohio.

After washing the raw TOPO with mild base and water, it was recrystallized

four or five times from warm pentane. Solutions of HCl and HNO,

were prepared

from 37% Baker reagent grade HCl and from 71% Baker reagent grade HNO The

3.

HC104'solutions were prepared by dilution from G. F, Smith reagent grade HC104, 70-72%,

“while HReO4 solutions were mede by dissolving Re207 (Varlacoid Chemical

Company, 92.5% purity) in distilled water. Solutions of HBr were made from 48% Baker and

-

Adamson reagent grade HBr after the following purification. The HBr was

saturated with H.,S gas to reduce any Br, to HBr and then distilled. The ,

2 2

constant-boiling fraction (48% HBr) was collected. This stdek solution and
" all other HBr dilutions were kept in aﬁber—glass bottles. Standardization
of all_theseﬁstock acid solutions was done with sodium hydroxide to the

bromothymol blue end-point, Tracer solutions of 82Br- were prepared by

irradiating a few'milligrams of LiBr with neutrons in the Vallecitos Test

' Reactor and'dissolving the product in distilled water treated with HZS' The
186 -

R.eo4 tracer was prepared by irradiating KReO4 in the Vellecitos Test

Reactor at a flux greater than lO14 neutrons/cmz-sec for six days. A saturated

-

'
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sﬁock solution (™ 0.04 M) was obtained by dissolving the irradiated KReO4

- o : o . 38 .- .
sample in a minimum amount of water. Tracer solutions. of Cl were prepared
by irradiating a few milligrams of NH4CI'with neutrons in the Mark' III Triga

Berkeley Research Reactor, and then dissolving the salt in distilled water.

e

4

commercial reagents were too high in sodium content. Eastman White label

The’ NH,Cl used in the irradiation was made from gaseous"NH3 and HCl, as the

nitrobenzene and "spectra grade“ Matheson, Coleman and Bell 1,2-dichldroethane
were used.  Matheson, Coleman and Bell stabilized and premixed single-solution

Fischer. reagent was used for the water titrationms..

B. Procedures

VStandafdiéed soluti§ns of HBr, HReO4,_or HCl containing.radioactivev

82_ - 186 38

Br , ReOé-,'or c1” tracers, respectively, were shaken-for not less than

4 solutions and for only one—hélf hour for the HCl

one Hour’fpr the HBr and'HRed
' 501uti9n5'with;various TQPOfdiluent sol;tipns. These shaking ﬁimes Qere‘determineé to
be sufficient'té reach equilibrium. Aftér c;ntrifugation, aliquots of both
tﬁe organic ahd aqueous phases were‘takeﬁ for Y-countiﬁg in.a well-type
Na(Tl)Ivsginti;lation,éounter. - Knowing the oriéinal ;oﬁcentration of acid
Vaha the total number of counts of tfacer addéd, the measured countihg rates
yield the equiiibriuﬁ concentrations of HB;,iﬁReO4, or ﬁCl in each.phase. o

' 38 ’ *

Correction of the Cl™ tracer data to a consistent time base was made to

compensate for the short half-life (37.1 minutes) of this tracer. Where

L

sufficient acid éxtracted, acid-base titrations were sometimes used to determine
the equilibrium acid content of each phase, Acid-base titrations were

‘exclusively used for determination of HNO3 extractions because of the lack
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6f a sﬁitablg tracer for this acid. ,Tbe am;unt of wétef éoextracted witthBr,
» HNQ3 and HCl was analyzed for by.the Kagl fischer method, uging a dead-stop‘
end-point t4]. For 1,2-dichloroethane the concentration of bound water in.the o
_organic ;hase was also“measuréd'by means of tritiated watér counted in a room-

* temperature liquid-scintiliation counter. All experimental work was done at room

temperature, 23° & 2°cC,

"RESULTS AND DISCUSSION

. : _ ‘
The extraction of HX by TOPO solutions may be expressed:

+ -

+ _ - “H -nTOPO-szo,..x 3(x—w)H20(org) (la)
H + X + xH20 + nTOPO(org) = \ _ ) '

' - : H -nTOPO-wH,0(org) + X - (x-w)H,0(org) (1b)
where Equation (la)vindicates the'extraéted species are ion paired and Equation

" (1b) indicates they are dissociated. The corresponding equilibrium constants are:

- (H -nTOPO-wHZO.f.Xj(x-w)Hz_O)O a Y , :

"K: N n N S B Kn gx (2a)
(TOPQ?O(Hzo) (H X ) .  Yropo ! -
.(H+ TOPO.-wH_0) (X-;(x— YH_0) 2
- nEEDWELY W0 & Yy o8)
- n . n X, + = n n
- (TOPO) (H,0)" (H X ) Yropo

whe;e parentheses signify acti&ity, biacketé denote molar concentrations, y is a
molar activity coefficient, and KZ'd ié a mixed concentraﬁion quotieﬁt. Equation
(2}-implies that a log-log plot of the_ofganic-phase acid concentration, [HX]O, vs.
the denominator should yield a straight.line with a slope of unity for the ion-
paired éase ka) and a slope of'oné-half for the dissociated system (b), 1if the
prdper choice is_made for n, the number of'TOPO moleculés coordinated in the complex,

)
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- and if the water activity doesn't change significantly. - Figure 1 shows such plots’
for the extraction of HReO4, HBr and HCl by TOPO in nitrobenzene, and Fig. 2 gives

the results for the same acids by TOPO in 1,2-dichloroethane. Experimentally,

the valqevof'nlhas been found to be 2 in each‘instancé by obse;viné the éependénce
of the ex;racﬁion on the TOPO concentfatioh alone. Tﬁe-square;root of the
denomipato; for Equation (2) has been emplcYed in»oidef to halve the nﬁmber of
decades ggqﬁired;, This change doubles the value of the exbectea s'lopes‘asou.tlined
7 ébove,_ F§r eachvof the TOPO-acid systems_(e#cept for TOPd—HB?-l,2—dichloroethane),
showh in Figs. 1 and 2, a line'ofvslope unity can be placed throuéh the points'
repfesehting’th; ldwer‘organid-phase’conéentfations; This‘indicates that Equatidn
(2b) deScr}bés the extraction;process:in these regions; the acid complex is
diséqciatéa.. The éxtension of this line of unit slope'isfshown as a dashed line,
énd'faIIS‘belbw the éxperimental points at higher organic-phase acid conéentratioﬁ.

This is expected, since y  is. no longer close to unity. An‘attempt to estimate

where the experimental values would be if only Debye-Huckel type activity coefficients

-

weré responéible for the observed deviations is shpwn bj the désh—dot

epr&e.' This is generated by dividing the slope unity liﬁé with activity
coef£i¢ieht§ calculated by using a Debye-Huckel expression with 3 = éf ~Cleariy,
the more concéﬁtrafed orgahichhase_expe;imental éoints,doxnot fall on thié
estimated éurve for cémpleté dissociatioh; but déviate upwa;d. At the hiéhest

concentrations studied the plot of raw data  approaches a line of slope two,

and suggests that ion association is occurring. This happens with HCl, HBr, and
. ) o . . oy L .

4 in dichloroethane Systems, and’with HC1l and HBr in the concentration

even HReO

~ ranges studied in nitrobenzene.
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The TopoeHReo4

as expected, due to the large size and hence low charge dénsiﬁy of ReO, .

-nitrobenzene system gives the least indication of association; this is

’

The curves for each TOPO-HX-diluent sys£em in Figs. 1 _and 2 are the

result of‘coﬁbining sets of data gbtained.by deterﬁining the organic-phase
acid‘cbncentration at either a fixed TOPO concentration and varying aqueous

acia activity or At a fixed aqueous acid activity and varying TOPd concenfratidn.
Examples of these individual types of distribution stuaiés'can'be seen in Figs. 2 and 4
in Ref, 1 . The range of TOPO concentrations in this work was from

0.000lOﬁ’up to 0.25 —.l.OOM.’ Activity coefficients used for the calcuiation

of the aqueous acid activities weré taken'from>the compilation of Gazith [5].

They were calculated as: A, = (HX) =‘[C]? ytz.

Values for the dissociated (Eguation (2b)) and associatedv(Equation (2a))\
eqﬁilibrium quotiénts for most of thelacid-ToPé-diluent systems are listed in
"Table I. An entry for the associated HNO3-ni§robenzene—TOPO syéﬁem is missing.
Data were taken, but no;'included for the following reasons. When the nitric

v

acid cémplex aséo¢iates, it is not clear that only an associated 2:1 TOPO:acid
_complex occurs (as is foﬁnd with tﬁe other 'stronger acids), where the nitric acid

is still ionized, but ioﬁ paifed. Another possibility that is typical in

lower dielectiic dilpents, involves the association of the nitric acid to form

a 1l:1 molecularicomplex [6-10], TOPOoHNO3. Furthermore, it is. well known that
- additional nitric . acid molecules may add to form binitrate, aﬁd even higher anionic
nitric-aéid solvates [1ll1l], and this may occuf at fatﬁeridilute organic-phase acid
concentrations: Preliminary analyéis of the more concentrated HNO3 data indicated
‘that the latter two possibilities were both occurring. These complications

made this system too difficult to unravel in the more concentrated organic-phase

solutions from extraction data alone. It was felt, however, to be sufficiently
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' TABLE I. EQUILIBRIUM QUOTIENTS FOR EXTRACTION OF HReO,, HBr, HCl and HNO,.

Dl;uent I Acid Ky o ) _KZ. Kassociation

Nitrobenzene o ' ] HRe0:l : ' .9><,102 . L —— -
- % t ” N

) HBr 1x107% 7 7x10%

HC1 3x107> 1 3%10°

. A ’ ‘ - 3 o2

1,2-dichloroethane. HReO4 - 9 . 4x10 4x10

HBr o= 5. -

HCL - 1x10™4 ax107t 3x10°




-8- o LBL-2351

interesting to demonstrate that if a low enougb_organic—phase acid.concentration
is‘maintaiﬁéd (< ﬂflo_zM), andvextraction is examinedvinbé high dielectric-
constant diluent,rnitgic acid no longer behaves\as a weak acid, buflis
dissociated [12], and yields the same 2TOPO-H+ cation as witﬁ stronger acids.

The order of acid.exfraction is as expected: .HReO4$HC104)>HNO3>HBr>HCl
~in both diluents, and mirrors the increasing importance of anion hydration in
the aqueous phase, i.e., Cl—>$r->NO3->ReO4-(C104—), which hiﬁders the extraction.
Tﬁe tabulated eéuilibrium quotients also show that it is easier to transfer
tﬁe same charged species into a hiéher dielectriq medium (nitrobenzene) than
into a lower dieléctric medium (DCE), particularly for the dissociated complex.
This is as Qould be expected from simple considerationé of the Born charging
expression and the energy of ion pairing [13].

In order to make an_estimaﬁe of tﬁe amountvofvwater coextfacted with
the acid'cgmplex, it is first ﬁecessary to determine the cohsiderable amounts

of water extracted by TOPO\alone. The equilibrium for this distribution of

water into an organic-phase solution of TOPO.can be written:

’

nTOPO(org) + mH,0 =‘mH20-nTOPO(org) \ - (3)

The corresponding equilibrium constant is

(mH_0 - nTOPO) [mi,0-nTOPOly, o . Y10
KH o- 2m no = m n n2‘ : = IS-I o] n2 @)
27 (#,0)" (ToPO) (1,0) " [TOPO] Yroro 2" Yoopo

With the assumption that Yy o is a constant in the dilute solutions

n
. /Yrop0

used, Equation (4) suggests that a log-log plot of organic~phase water concen=-

tration vs. equilibrium TOPO concentration should generate a line of slope n,
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wherg h ié thé humber oflTOPé moleculés coordinated in each extracted wafgr
cgmplex. In fig. 3 the orgdnic-phase water_céncentfation, fa2oj0, is ploﬁted
.against tﬁe initial (not equilibriqm) TOPO congé;trat;on.\ The amount of water
extracﬁed'by the diluen£ alqné, calculated aS'thé-prodﬁdt of the molar splubility/
in tPe diluent. and thévvoiume frgctibﬁ ofvdiiuent in the'organic mediuﬁ, has
.been subtraéﬁed to dbtain,the pdintsﬂplotted. Thé watér.solubility found in
this study of nitrobenzene was 0.163 g_[l4]; ‘

For l,2-dichloroethane‘é‘vglue of’Q.l25 gjwas determined [15]. The slope of

one found in Fig. 3 for each diluent-TOPO system

indicates that one TOPO moiecuie'is‘invol;ed”in each TOPO-water complex.  The
ébserVedvstoiChiometry of one watér;er TOPO molecule in 1,2-di¢hloroe£hane

: might.suggestbthat‘a monohydrate is forméd Ll6i; however, in‘nitrobenzene the 1.2:1
ratio of water to TOPO clearly.iﬁdicates.that an additional higher—&ater complex

is élso exgxagted. In a later paper déaling in more détéil with water extractioh“

by TOPO in these tﬁo (and other) diluents, if'will be shown that at least a

vmono- and’a dihydrate afe extracted in Béth the nitrqbeﬁzene and.l,2-dichloroethane
sttems. The stoichiomepric ratio éf'one‘wéter to,one‘TOPé_in 1,2-dichloroethane

_is simpiy an aéciéent of‘rdom tehperature (like the 1:1 stoidhiometiy of water inhpure
TBP. [17] at room temperatu?e) and not an indica£ion 6f the TOPO-water éoﬁplex struc-

. ture [18’19]. The‘amouht Qf free TOPO, uncomplexed 5y water, in each system is small,

and in this paper;né distinction is made between unhydrated and hydrated TOPO. Thus,

_the,symbol<[TOPO] denotes the TOPO concentration not complexed by acid. -
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For 0.10 M TOPO 1nbnitrobenzene and in 1,2-dichloroethane the amount of
water, less the diluent water, céextrécted by thg organic-phase perchloric acid
complex as the acid cqncentration ipcreéses\is shown in Fig. 4. In.both diluent
éystems the total améuﬁt of water decreases-as [H+]O‘in¢reases. From this total,

_the amount of‘wafer extracted by thé equilibriﬁm uncompiexed/TOPO\must be sub-

tracted; and this non-acid-bound TOPO concentration is calculated as

[TOPO]

) + ) . e : . , e as
. - 2[H ]J.. After correction, curve 3 results. This line indicates '
"total S ¢ ) ) ,

that about 0.4 molecule of water co-extracts. with each HCLl0, acid complex in

4
| either nitrobenzene orr DCE. Assuming the cation portion of this TOPO-acid
comélex is similar to the HAﬁCl', HClO4 and.HReO4 complexes preyigus;y studied
(and i.r. ;pectré do indicate this), namely an'anhydrou.s‘ZTOPO-‘H+ spécies, the
0.4 water molecule must be associatéd with the o?ganic—phase.anion. This value
is in excellent ag:eemen£ with the finding from a more difect study [20] where
the'organic-phase hyd;ation‘qf'tetra—alleammoniuq perchlorate salts was found
to average n Q.4 molecule; of water per salt molecule.v"Ih ﬁhe TOPO-DCE system, at the
acid concentrationé examined, the acid complex is mostly ibn paired; while in
the TOPO-nitrobenzene systém the complex is piobably partly diésoéiatéd.
In Fig.VS, the amount of water COfextracted by the HBr complég is -
shown’fo?-O.BO.g_TbPO in nitrobenzené and in DCE. Curve 3 in this figure is
the resultant after correction for the water extracted by both the TOPO
uncomplexed by acid (determined as in the previous paragraph) and Fhe diluent.
The single_slope suggesté an average of 1.9 molecules of water are co-extracted
by the bromide anion in both diluent systems. Similar data are presented in
fig. 6 for the HC1 acid complex extracted by 0.25 M TOPO in 1,2-dichloroethane
ahd by 0.50 g.iOPO in nitrobenzene. For the\ﬂcl-nitrobenzene system the’

-
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_resultant curve (line 3) has a slope .of threé, which is.also the value for
the initial slope of the corrected data for HCl%l)Z-dichloroethané. In the -
latter system , however, the slope becomes somewhat less than three as_[H+]O

. increases (line 4). This results, we believe, from neglecting the significant

‘change of water activity resulting from the rather high aqueous acid concen-

4

trations necessary to reach the upper range of [H+lo considered. If the amounts of
water extracted by'the TOPO and ﬁy‘the’TOPO—acid comple# are corrected for the
water acﬁivity t§ Ehe approp:iate power (approximately first and thi;d; reSpécti@ely),
the resulting corrected curve has a ;lope close to three for HCifl,Z—dichloroetﬁane
alsb.v It is clear from Figs. 1 énd'Z that for both the ﬁBr and HC1, Qithin

'thé'range ofM[H+]O used in these water determinations) the acid complexes are

predominantly ion paired.

N

" "Again, the average values of 1.9 and 3 found for bromide and chloride
ion hydration in these érganic diluents are in very gobd agreement with the
values of 1.8 and 3.3 obtained in tetra—alkylammonium sdlt-nitrobenzene\systems [21].

It is gratifying that the values of anion hydration found in the present study

{(on fairly complex systems) should be so similiér to the values from the -
simplér, ﬁofeidifect syéfems préviously_Studiéd. Furthér, thé organic-phase
h&drat;on numbers are reﬁarkabiy similiar to the values found by Bockris and
Saluja [22] in aqueous solutions Sy compressibility agd ionic vibration methods .
.It is‘not'obviods that they.shbuld be, as the environment ;f'the coordinated
water molecules is quite different in the two case;. Discussion_éf what thé
iﬂdividual values_mean has}alréady ﬁeen given elsewhere [21]; but we would repeat

- one of the-cdnclusions: these anion values should be considefed only lower
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limits to the first-shell coordination numbers as they represent avérage
values for distributions that may well range from 0. (unhydrated anions) to

4. or even 6 water molecules (the first—Shell coordination.number).

" CONCLUSIONS

"All of the acids examined, HReO4, HNO., HBr, and HCl, extract as

3
2TOPO-H+X- salts in nitrobenzene and in dichloroethanef (Thé_i.r} spectra
indicate the.similarity td TOPO—acid complexes studied in other_diiuents, and
‘the'differeﬁce from the hydronium-ion core found with the TBP complexes.) Even
the HNO3 product is based on the»ZTOPO-H+ cafion, in .contrast to‘its behavior\
in lqwidielectric—consﬁant'solvents. N

The extraction quotients show thatithe larger, less basic, anions

Al

éxtract bétter; R§O4- > Br. > Cl-, dug to their lower aqueoué hydration, and
that thi; effect is less pronounced for the ion-pair case, as some of the lost
’hxdration;energy is compensated for in the ion pairing. Also, extraction is
better into the higher-dieiectric-constant nitrobenzene than into dichloroethane,
‘since»there are no specially strong diluent-acid ccmpier(chemical) interactions.
Finally, knowing that'the acidic cation is anhydrous allows.determinatioﬁ
of tﬂe hydration of the anion in theéé diluents (but not as well as with
tetraalkylammonium salts). This anionlhydratiqn‘is noﬁ.directly related to the

first-shell coordination nuhber,‘but is probably an average of the distribution

over coordination numbers ranging from O to the maximum first-shell number.
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FIGURE CAPTIONS
© Fig. 1. Variation of the orgahic—phase acid concentration and the square-root

of the organic-phase acid activity vs. the product ftTOPO]Z(HX)}l/2 with

4

nitrobenzene as the diluent. Line 1 is for the TOPO-HReO -nitrobenzene

3 System; lipé 3 is the TOPO-HBr system and

system; line 2 is the TOPO-HNO
'-line 4 is the TOPO—HCl-nitrobenzene system. DashedhlinesAiﬁdicate an

extension of the unit slope (dissociatéd) line; the dashed-dot curves indicate
wﬁere the raw extrqction:curve would lie if the line-of gnit slope is corrécteﬁ‘for
Debye;Hﬁckel.fypevactivity coefficients; the ldng—;hort-short dashed ;ines
indicéte the ion-éair (association) contribution.

Fig. 2. Variation ;f the organic-phasé acid concentrat;oh and the Square—root
of the'orgénic—phase acid aétivity vs. the érdduct {(TOPO]Z-(HX)}l/2 with’
'1;2-dichloroethane as.the diluént. Liﬁe lis for tﬁe TOPO-HReO4 sygtem;‘
line 2 isffor TOPO-HBr, and liné 3 is for the ngo-HCl,system. vDashed lines
.indiéaté'an extension éf fhe‘unit slope (dissociated)vl;ne; the dashed-dot
.curVes indicate where the raw extract;on curve would lie if the line of unit slope
is'correcfea for Debyé-ﬁﬁcke;.ﬁype activi;y coeffiéients; the long=-short-short
‘dashed lines iridicate the ion-bairéa (association) con£}i5ution.

Fig. 3. Vériatioﬁ of water ¢oﬁtent of the organic.phase With iniﬁial TOPO

~concentration in nitrobenzené and in 1,2-dichlorocethane. ([HZQJO = total‘Hzo

minﬁs H.O dissolved by the diluent.) [, is for the TOPO-nitrobenzene

2
system; O, is for the TOPO-1,2-dichloroethane system and is the average of
1 measurements using both.thé Karl Fischer method and tritiated water as a tracer.

Lines are drawn initially with unit slope, and this slope is continued with

.dashéd lines.
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Fig; 4. Water content yvs. HC104 concentration in the organic phase (as the
agqueous HC104'concentrati6n increases) for a to£a; TOPO concentratiog of
0.10 M in ﬁitrobenzene and in l,2-dichloroetﬁane. Lines 1 and 2 are the
total o;génic?phaSe water less diluent water for nitrobenzéne and 1,2~

| diéhloroethane( respectivély. .Line 3 is the total Qrganic—phase water less
both thé'dilueht Qatef and thé water bound to TOPO for i,2-dichloroethané
(A) and nitrobenzenei( 0,, and has a slope of 0;4.

Fig. 5. Watéx éon_t;ent z§_ HBr organic-phase -coﬁcentration (as the agqueous HBr
concentr&tion increases) forva total- TOPO concentration of 0.30 M in nitro-
benzene and in 1,2-dichloroethane.. Lines 1 and 2 are the total organic-phase
water less diluent water for niﬁrobenzene and 1,2~dichloroethane, respectively.
‘Line 3'is the total organié;phase watervless both the diluent wgtér and
water bouﬁd to TOPO for both diluents: A,il,Z-dichlofoethane; O, nitro-
benzene. The'éveragé‘slope of line 3 is 1.9. L L

Fig. 6. Water-éontgnt XE.FHCl organic-phase conceﬁtration (as the aqueous HC1
concentration increa§és) for a total TOPO concentration of 0.50 M in ﬂiﬁro—
benzene (line 1) and of 0.25 M in 1,2-dichloroethané (iine.Z).' Line 4 is
the total o:ganic-phase'water less both diluent wéter-and water bound to
TOPO in the DCE system. Line 3 is the total orééninphase water less'both

diluent watér and water bound to TOPb in nitrobenzéne‘(A) and the result of

a third power correction for decreased water activity in the TOPO-DCE system

(V). The dashed line is drawn ﬁith a élope equal to three.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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