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Abstract

The extractibn'of HBr,fHCl’and HNO3

into soiutions 6f trioétylphésPhine
oxide'(TOPO):in-either nitrobénzene.or 1,2—di§hlor§e£hane has beeh studiéd.
When tﬁe oréaﬁic-phasé stbichiometric fatio TOPO/H+ was > 2, the éxtracting
species Waé a diésociated-two;TOPO acid complex for HBr.and HC1. Bélow the

same stoichiometric limit and below an aqueous HNO, activity of 10—3, the same

3
two-TOPO acid complex was found for HNO3; above aqueous activities of 10_3,

increasing amounts of "extra" HNO3 extracts. The organic-phase éation complex
was considered to be the same as the anhydroué one’fdund previously in the
TOPO extracﬁioﬂ‘of HReOh and HClOu in the same two diiuents. Consequently the
coextractéd water is assumed to be associated with the ahions. The resulting
organic-phase "hydration" numbersvare: 1.9 for Br~ and 3 for C1™ in both
diluents; é@q N2 for NO3- ip nitrobenzene. .The ordér'of eXtracfability was

HNO; > HBr > HCI.
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In the first part of this study of mineral acid extraction by tri-n-
octylphosphine:oxide (TOPO), it was shown that.HReOh or HCth was extracted into
dilute TOPO solutions in nitrobenzene or in l,2—dichloroethane as a dissociated

and anhydrous spe‘cies.h The cationic portion of the acid complex consisted of

. two TOPO molecules solvating a bare proton, e.g., 2TOPO-H . It was off interest .
I t - - B s

. to extend thiS~étudy of acid e;traétion by TOPO to ofher acids. . If they in&olved
thiévsaﬁe'catioh; it would be éossibie to determine thé~hydrationvof the anion

in these ofganié ﬁedia,vas any coextracted wgter can théﬁ'be atfributed to the
dissociated anibh. If, on the other hand, acids with érogreésively more.bQSic‘
anions are usgd,:for éxample_the HBr;_HCi; and HNO3 employed'in the present
study, therevié‘a possibility‘that the nature of the extracted species may chaﬁge
from a-pair of dissociated ions to an associated moiécular adduct,vSUCh as the

1:1 complex,'TOPO-HX.

_ 'Experimentélv '
ﬁeagenfé.¥———The TOPO used was obtained from Caflislé Chemicai Corp., Readiﬁé;
' Ohio. After washing the raw TOPO withvmild base and water, it was recryétailized
four or five times frqm warm pentane. Solutions ovaCl were_prépared froﬁ.37%'
3 solutions fro@ Tl%IBaker reagent grade HN03€

‘Solutions of HBr were made from 48% Baker and Adamson reagent grade HBr after the

Baker reagent grade HCl, and the HNO

- following purification. The HBr was saturated with H S gas to reduce any Br_ to

2 2
HBr and then distilled. The constant-boiling fraction (48% HBr) vas collected.,
This stock solﬁtion‘énd all other HBr dilutions were kept:in amberfglaés'bofties.
Standardization of thése solutions was done with sodium hydroxide to the bromo-
thymol blue end-point. Tracer solutions of 82Br; were prepared by ifrédiating

a few milligrams'df LiBr with neutroﬁs in the Vallecitos Test Reactor and dis-

solving the product in distilled water treated with H_S. Tfacer‘solutions of

2
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of water co-extracted with‘HBr, HNO

23  -’f o | :UCRL+19599
3801_.weréfprepafed by. irradiating a few'miliigrams of-ﬁHhCl with neutrons in the
Mark ITI Triga;Berkélevagsearch Reaéﬁor?‘and then diséolVipg the salt in @istilled_
water. The NHgCl;used in the irradiation wasgmade'frémvé§seous NHs.and HC1,
as the commerciéi_reégents-ﬁére too high in éddium cdntent. Eastman White label
nitrobenZenefand "épebtrp grade",Matheson,,Coiemaq aﬁd Béll l;é—dichloroethane

were used. .Mafheson, Coleﬁan and Bell stabilized and-premixed'single—solution

Fischer reégénf”was used for the water titrations.

Prdéedures.44—Stanaardized solutions of either HBf or HC1 containing radio-

active 82Br__0r*38Cl— ﬁere-shaken-fdr not less than oﬁe hour for HBr and

one-half hour for HCl with various TOPO solutions. These shaking times were

determined tq'be]sufficienf to reach eQuilibrium. After céntrifugation,’aliquots'

‘of both the organic and aqueous phases:wefe taken for chounting in a well-type

Na(T1)I scinﬁi}lation counter. Knowihg the*driginal'éoncentration of acid and -
fhe’total hﬁmbér of céunts.bf tracer added, the meaéﬁréa couﬁtiné rates yield
the equilibrium concentrations of HBr or HCl in each‘phése.' Correction of the
.Cl_,tracervdatavto a consistent time base was made.to-compénsate for fhe short
half-life (37.1 minqtes) of this tracer. Where sufficient acid extracted, acid-

base titrations were also used to determine the equiiibrium acid content of each

phase. AcidfbéSe titrations were exclusively used'for'deferminatibn of HNO3

- extractions because of the lack of a suitable tracer for this acid. The amount

3

method, using a. dead-stop end-point. All_experimentél work was done at:room

and HC1 was analyzed for'by the Karl Fischer

temperature, 23° * 2°C.
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Results and Discussion
The expérimental results are shown in Figs. 1 - 10. Raw data are usually
indicated by circles connected by solid lines; eXperimental data corrected, as

described below, are usually indicated by square symbbls'connected by dashed

lines. s !
’ |

f

: TOPO—HQO.———The'extfaction of water by TOPO in the two diluents has already been
presented andidiscussed in an earlier paper.h Essentially 1.3 and 1.0 moles of

H20 extract per'm01e of TOPO in nitrobenzene and in-l,zédichloroethane,vrespec; .
tively, at the temperature used (23 + 2°C) and in the concentration range

@

studied.

TOPO—HX—HQO.;——Siﬁce’the dielectric constants of bbthﬁnifrobehzene
(e = 34.8 at 25°c)5 and 1,2-dichloroethane (e = 10.4 at 25°C)° are relatively
high, only.the expreSsion'for'HX extraction b& TOPO into.dissoéiatéd species
IWill be considered, | | |

+ - to . —. .' .
H' +X" + xH,0 + nTOPO (org) = H+-nTOPO-wH20 (org) + X+ (x-w) H20%(org) . (1)

The corresponding equilibrium constant is,

SRR : L 2 -2
){d ;:[H' nTOPO WH2Q]O[X '(X—W)H2O]Oyi o8 I+ . (2)
n n _n X gt - ~noon '
~ - [TOPOTY Ypopo(H,00" (H'XT) YropPo

where'parénthesis signify activity, brackets denote molar concentrations, y
is a molar activity coefficient, and Kg‘is a mixed concentration quotient.

Equation (2) implies that a log-log plot of the organic-phase acid concentration,
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[H+]O’ vs. the half—power of the aqueous-phase acid act1v1ty should yield a
stra1ght line w1th a slope of unlty for a constant value of equlllbrlum TOPO
concentration; Such plots are shown in Flgs. l - 3 for O 20 and 0. lO M TOPO
and HBr in nitrobenzene (Flg. l) for 0.25, O.lO'anva.OEO M TOPO and HC1 1n
l,2—dichloroethane'(lines 2, 3'and b in Fig. 2) and o;so:M TOPO and HC1 in
nitrobenzene (line 1, Fig. 2); and for 0.50, 0.283, Q.ilé, 0.050 and 0.010 M
TOPO and HNO in'nitrobenienev(Fig. 3).. (Molar acti#inyvcoefficients used to

3

calculate the'equeous HBr, HCl and HNO3 acfivities_were taken from a com-
pilation by'Gazith;6) It can be seen thet tne initial slope of the.curve for
each TOPo.concennration in Figs. 1 and 2 is one,:bnt.ma&Fdenart from unity in
some instances eﬁ higher organic;phase concentrations;.'The square.points are
corrected both‘for the TOPO nsed—up in forming the extfaction complex and for
the organicfphese acfivity coefficients. Correction;of the'orgenic—phase acid
concentrationsrffom_the equllibrinm TOPO concentrations to a constant (initial)
" TOPO value is by means of the expreseion:

(s ]Oyl - Wy, BEY L, S (3)
where the prined quentity refers to the initial concenﬁration and the first .
power dependence on the TOPO concentration will be:jnsfified later; Acnivity
coefficiente in the.orgenic phase were calculatedlffom'the Mayef—Poirier
_expreseion.T.fFor nitrobenzene, a distance of closest'approach,.a,lof,6.AAwas
used. For l,QAdichlo?oethane, the calculated acﬁivity‘coefficients were used
for acid concentrations up to 1073 M. For. organic—phase.concenfrations much
beyond lO_B'M, the,calcnlatedbaCtivity coefficients appeafed to become.too»small.
Consequently, we have applied a set of‘actiVity_coefficientsvnaseo upon the

data for TOPO—HReOh—l;2—dichloroethane from a'previous’paper.u That is, we’
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have taken as coefficients'the values necessary torbringvthe HReOh<data onto a
smooth straight’iine of proper slope determined by the'poihts below 107° M.

These empirical activity coefficients were, indeed, largerdand yielded straight . K
lines of unit slope with thedpresent extraction systeﬁs:also. Some Justification -
for this procedure, besides the fact that it appears to work, is obtalned from
the paper of Inami and"Ramsey.'8 These workers demonstrated clearly that the

moie ratio of'gauehe (polar form) to trens (non—polar form) 1,2-dichloroethane

is significaﬁtiy greatef whea salt solutions are introduoed than the value in

" pure 1;2-ddchlofoethane. _This result suggests the effeetite dielectric con-

stant near iOns:is probabLy somewhat higher‘than indioated by the_measured

value for the pure diluent; Since the Mayer-Poirier caleulation is quite sensif
tive to the dieiectric copstant value used, especiaily'for lower values such

as that of 1,2-dichloroethane, a change in it of a few_uhits can drastically

change the caleulated activities. The emﬁirieal aetiy;ty coefficients would
indicate an:effective_dielectric constant of about 17;21 operating on the.ions.

From the stfaight dashed lines of unit slope’that;can be drawn through
the corrected points (and which are extensions of the iines ofvunit slope given
by the data at lower concentratlons where corrections are negllglble) it is concluded
from Figs. - l and 2 that the extracting snec1es wlth both HBr and HC1 in these TOPO-
diluent systems is dissociated A dashed line of 1n1t1al slope unlty is drawn for

most sets of data in Fig. 3, TOPO-HNO —nltrobenzene, and it can be seen that

3
these lines do indeed connect the corrected data, but ohly if data below an ‘
aqueous HNO. activity of " 10-3 are considered. Beyond-anvaqueous activity ‘ P

-3
of " 10-3, the considerably steeper slopes indicated by the corrected points

might be thought to indicate ion pairing. Yet the deviations in lepe'
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apparently depend ﬁpon the aqueous nitric acid activitj'and.not'upon the organic-
phase concentrations. ' This is cértainly coﬁtréry'to.the Situationvexpécted for
ion pairing, which clearly increases with increasing ofganic—ﬁhase ion concen-
tration. More likely the deviations result from the neglect of the well-docu-
mented” ease with which "excess" HNO3 can add to aireédyiextracted'nitrate. As
a first step, tiiis corresponds to the extraction of thenbinitrate ion, H(NOS)E
or NO§-HN03,

- 9
NO3 2HN03.

that two TOPO molécules are iﬁvolved per acid molecule'ektracted,vthe amount of

but still higher anionic complexes have béen'sﬁggested, e.g.,

Since the data have been corrected for used-up TOPO on the premise

equilibrium TOPO'galculatéd is too low if significahtxamounts of NO'3"'HNO3 are

extracted. This leads to an overcorrection via Eq. (3) for the organic-phase
‘acid concentration and hence to corrected curves with slopes greater than one.

However, it is éonéluded that the extracting species, at the various TOPO con-

centrations used, for an aqueous HNO_ activity < 1073 (little excess acid

3

extracts) is dissociated. It is probable that the extracted species for'aqueoué

HNO, activity > 1073 is also dissociated; for if the'2T0P04H+ NO%

dissociated, that cationic species with the larger énion5 NO—-HNO3,.is even more

species is

_ 3
likely to be_so.' However, without knowing explicitly the amounts of the various
‘possible anionic species present in the organic phase at.each point, slope anglysis

.of the region above an aqueous HNO -activity > 10_3 in Fig. 3 does not give much

3
information. - °
Having determined that the extracting acid complex is dissociated in

each of the.acid—TOPO—diluent systems studied (with the described limitation on

the agueous activity for HNO_), it remains to detefmine the value of n, the :

3
number of TOPO molecules complexed per acid. From Eq. (2) the slopes'of'log-ldg

plots of'extracted acid vs. TOPO concentration at a constaht aqueous acid
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ACtivity (aHX)ishould yield directly the value of n/2f: figure 4 is such a plot for
agueous solutions of 0.47 (line 1), 0.085 (line 2) and 0;00k3 M HBr (line 3) with

nitrobeniene as the.diluent. Similarly, Fig. 5 is for 0,10 and 1.0 M HC1 and TOPC

in 1,2-dichloroéfhane; and Fig. 6 Showsvacid extraction fbr 0.127 and 0.0349 M

HNO3 and nitrobenzene. As before, the square pointsiindicate correcqions for

organicéphase_activity coefficients and for equilibrium aqueous acid 'concentrations

when differént ffém the initial.values. " The slopes of the_dashed lines through
the points not_néeding correction énd ﬁﬁe corrected poihté arelﬁnity indicating
n = 2; twé TOPO molecules ére involved in the‘extracted:specieé for TOPOvcon--
centrations up tonv 1.0 M for HBr;TOPO-ﬁitrobenieﬁe; (Fig; ﬁ), andbup to

~ 0.5 M for HCi—TOPO;l,2fdichlor6ethane, (Fig. 5). As béforé, the TOPO~HNO,-
nitrobenzene syéfem (Fig..6) is less simple in behavior. With data obfained

at an aqueous acid concentration (0.0349 M) low enough to yield little excéss
extracted HNO3,:curve 3, the dashed line through tﬁe_gorrected points has’

the éxpected‘siope of.unity, and again it is concluded two TOPO molecules are
Ainvolved in the extracted species. 'The set of data SﬁOWﬁ by curve 1 éor-
responds to an initial HNO » ‘

3

aqueous activity most of the extracted nitrate is probébly converted to biniQ

concentration of 0.127 M, and at this higher'

trate. The initial TOPO concentrations are therefore corrected té eduilibrium
conceﬁtratiéﬂs.assuming the organic-phase acid compléx.is al; bihitraté (i.e.;
one TOPO moleCﬁie per extracted nitric acid is used up in thé complgx); and the
organic-phaSe:éctivity-COefficients used were for orgahic—phase concentrations
of half of the indicated stoichiometric acidity. This correction ofvthe data

is shown by the dashed line 2 in Fig. 6. The reasons for the downward deViatioh

of data at high'TOPO concentrations are not clear to us. It should, hdwever,
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be noted the sﬁading between_ﬁhe dafa of curve 3 and the ﬁanrrected data of

3

to be exffécﬁed;-and this is consistent Vith the proposal that excess nitric acid

curve 1 is éléeady too great by avfaétor of l.S‘if’on}y a'NO complexvis assumed
is Being extraéﬁed. With eifhérvnitrate»or binitréte_aﬁions, hoyever,.the slqpes
in Fig. 6 indicate that on1§ a 2T0PO cation is in%olvéa; é£.1éastvbelow 01 m
TOPO. o | | — |

To efélﬁé£e Kg, a log_log'plot;(Figf 7) of the square-root of the
numeratof.inquﬁJ(Q).vsf the SQuare—root of the dehomiﬁator (thensquare—roots'
wefe takéh to'hal§e'thé hﬁmﬁer.of'deéades ﬁsed) is empldyed; This-plot.com—
'binés previoué Qata frdm Figs;'l, 2, 4. and 5, énd data létef.used'in the water
stoichiometry'determinations, for TOPC-HBrIin both nitfébénzene apd 1,2-dichloro-
ethane and fof'TOPO-HCl in l;2—dichloroethane. The excéllent fits to straight
iines of unit siope ihdicate.these tﬁrée systems can indeed be déscribed by a
single disséciated, two-TOPO organié-phasevspecies. Vaiues for these systems

-nitrobenzene for agueous HNO

3

and for TOPO-HNO 3

activity'< 10-3 are presented

in Table I.

Table I. Equilibrium quotients for-extraction‘of HBr, HC1 and HNO

3
. o . ' . a
Diluent Acid S K2
: . R o 4
Nitrobenzene ° HReOha o l.2 x 10 3
HBr IR l'l X 10
HNO3 . l.5
1,2-dichloroethane : _ HReOL,a ' | N -:9.6 -
HBr . C hoy x 1073
| ok
HC1 2.5 X 10

% rom Ref. L.
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‘ For.0.30 M_TOPO in nitrobenzene and in'l,24dicﬁiereethane the amount of
water, less fhe'diluent Water,'coextracted ey thevorgahie-bhase HBr complex as
the acid eoncenﬁraiion_increases is showﬁ in Fig. 8. In:beth diluent sysﬁems
the total amount of water decreases ae [H+]0 increases;. The emoqnﬁvof water
extraéfed,by thevequilibrium amount of uncomplexed.TOPijﬁst bevsubtr%cted;_this
concentrationfof*non;acid-bouna TOPO is calcgiated es [beb]toral - 2dH+]O
After,correction'ef the extracted water for the amount ef water bound by this
uncomplexed TOPO, curve 3 results for both diluentvsystems; The slope suggeste
an average of i 9'molecﬁles of.HQOIare COeitracted by HBr. Similar deta'are
presented for HCl extracted by O 25 M TOPO in 1,2- dlchloroethane (Flg 9) for:

both HC1 and HNO extracted by 0.5 M TOPO in nltrobenzene and for 0. 116 M TOPO-

3
nitrobenzene an_d,HNO3 (Fig. 10). The 1n1t1al slope for the corrected data in

. o + ,
Fig. 9 is about 3 and becomes somewhat less as [H ]0 increases (curve 3). Curve 2

illustrates an attempt to further correct the data.by feking into account the.
significant.chengerof water.aetivity'resuiting.fremjrhe'équeeue acid concentratiOns
_neceséary to. cover the range of [H+]O considered; Thaf is, the amount'ofvwater
extracted is eerrected by a fector,_in this case the'wéfer activipf to the third
power, and the resultingvcurve has'a slope close fe 3 (eurre 2).
The data in Flgr 10 fortunately do not need’ correctlon for water acti-

vity changes and yield directly a slope of three for HCl-nltrobenzene (curve l')
the 1n1t1a1.510pe of two for 0.5 M TOPO—HN03—nitrQbenzene_(curye 2'); and.a

slope approximately zero for 0.116 M TOPO—HNO3-nitrebegzene (cﬁrve 3). Line 21

is establishea assuming the principal species is thefnitrate'cemplei, since |
aHNO3 <-10f3; curve 3! results from the assumptlon the pr1n01pa1 spe01es present is

the b1n1trate complex (aHNO > 10 3), as suggested from the aqueous_acrd varia-

tion data in Fig. 3.
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Conclusions
- At all organic-phase concentrations in nitrobenzene observed in this

o R . | | . , ; . ' |
study (up to 10 ;M) and at values of [H ] up to " 1071 M in 1,2-dichloroethane

0
for each of the'Qarious acid-diluent combinétions, thé.éXtragted acid species
is dissociafedg fThe expefimentally determinéd va%ué’of two for the number of
TOPO moleculés_boordinated to fhe proton suggests the Aigsociated extraction.
-cqmplex is tﬁe éémé as foggd breviously for HReOh or HCiOL extraction,
R - R
R—\—P=O-‘- S L .'o'=P/R+x'

R/ R \R | A

where X~ may be Br ™, Cl_‘of, if the aqueous HNO3'actifity is less than Vv 10—3,

NO%; beyond thié gqﬁeous.aétiVify.increasing amounts. of NO;-HND? afe suggestedv
to oécur-in.the:brgénic:phase. Wé do-not know if the_pation is symmetric or
aéymmetriébaboutlthe proton. |

Since this 2TOPO-H' cation was found to be anhjdrbus when HReO) or HC10,
was extracted,,fhe coextracted water found in each diluént—acid system in this study
is thought moét iikely to be associated with the anidnT Thus Br would have 1;9
moleéules 6f_w;ter in either nitrobenzene or l,2-dichiofoethane, and C1~ woﬁld
have 3. Nitfa#e ion has Vv 2 waters associated with’it'(iine 2', Fig. lO); while
NOE-HNO3, prbbébly.the significant»speciéé in the déta‘of liné 3', Fig. 10,
appeérs to bé:anhydrqus; Both of these last.aséignmeﬁté héve‘mére uncertainty

than is the case with C1  or Br , due to the probable presence of a small amount

of the other (nitrate) species.
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What-dovthése hydration numbers meén? The numbéfg”are small enough to
certainly représent first-shell solyation of the anioﬁé; And they prdbably are
a lower limit £o_the agqueous-phase coordinatioﬁ numbers for two reasons. One is
that in water fhé water‘mo1ecules bound to the anion wiii 5e stabilizedvby
hydrogeﬂ-ﬁondiﬁgrto water molecules farther out in thevﬁﬁlk medium. The other
is that we do not kﬁow whether the value found.in this ﬁ§fk for an‘io% repfesents
the average qu & number of speéiés or not; that is, does the valué‘3 for C1™
mean that essentially all extracted C1™ ions have 3 water moleéules, dr'thét
there is'abmixture of 2- and L= céordinated species gi&iﬁg an aVeraée number of“
three; or a mixfufe of 1-, 2-, 3-, k- éoordinated speéiés,'etc,?' But it is: |
interesting that for C1~ and Br_.ﬁhere data in both ééivgnté.afé available, the
same number is'bbfained. For chloride this aﬁpears tbvbe:true,even wheh compared
with an ion-paired species in.CClu. A stuay'® or HCl‘gxtractioh by tributyl-
phosphine oxide in CClh gives for the extracted spécie;‘the propbrtions
2.1:1.08:3.2 for TBPO:HC1:H,0. In addition, the auﬁhérs'ciaim that infra-red
evidence suggests that the proton is not hydrated td:a hydronium ion.

A few otﬁer studies.of strong acids by TOPOJér:the related compound
tributylphosphine oxide (TBPO) have been repofted in'thé'literature besides the
already cited work with HCl. Direct comparison with the_present work is not‘
usually poSsibié;. For'example, the extraction of HNQ3 by TBPO in the low
dielectriciconstant sélvent benzenell or by TOPQ in_cyclohexanele_suggestsvthat
only the mdleéular nitric acid complex is formed, TCPOsHNO3, Only inconcluéivé
evidence that nitric acid may be extracted in an ioﬁized féfm is given in é
study of methylenebis (di-n-hexylphosbhine oxide) in o-dichlorobenzene (a rela-

13

tively high dielectric solvent, € = 9.9 at 25°C) "~ and in CClh1A where pdssibly
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;abcoordinatioﬁ ﬁumber greater thén one is obéerved; Wé beiieve it likely that
onLy'in high—aiéleétric-constant diluents do conditionsieXiSt which will allow
the moderatelyﬁbaéic hit?ate.ion to free‘itsélf from'thé proton and form aﬁ
' ionized’spegieéﬂwifh a TOPO cation, raﬁhervthaﬁ.an a@duétfof molecular‘HN_O3
with TOPO. o | o

The order of'exﬁractabiiity, as reflected by thévextraction quotiehts in
Table I, is reééonabie. Of the ions sfudies,'Cl— (as illustrated by the above
orgénic-phase'hYdrétibh numbers) needs solvation the szt and so is the mosf
highly hydrated;:consequently it is the least easilyftrénsferred into the water-
poor organic phése. Bromide ion is somewhat,larger?iﬁéeds éolvétion'less, and
so 1s more eaSily'tranSferred frém'water into the'organic phase. Nitrate is
still larger, and froh its size alone should extract still better, but it is
also a significaﬁtly stronger base than Br and this préperty may necessitate

more hydration than would be expected for a monatomic anion of comparable size.

. _ 3
magnitude better than that of Br . In contrast,_the extraction of ReOh—, a

These two effects almost compensate; the extraction of NO_ is only an order of

still larger anion but also a weakly basic one, is about four orders of magni-

tude larger'than‘that of Br .
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Figufe Caﬁtioﬁs
Fig. 1. Variation of organic_phase acid content with t‘he_'._half‘-bower of the

" 7 'aQQeoué HBr éctivity for 0.20 (line 1) and 0.010 (line 2) TOPO in nitro-

benzéne; ij"—'_denotés uncorrected data a.n‘dFD giw'res data corrected for com-

“ plexed_fOPQ>aha for éctiviﬁy coefficients.df the.organic—phase.acid.- The
dashed line and line 2‘are‘drawn with ﬁnit élopes;:

Fig. 2. Vafiétion’of organicéphése acid content with the.half—power of thé
agueous HCi'aCfivity for.0.50 M (line l) TOPO in nitrobenzene; -and for 0.25,
-(liﬁe 2), 0.10 (line 3) and 0.20'M (line 1) TOPO"in--l‘,-2—di(:hloroethavne.

@®, denotes ﬁnco‘rré.cted data; 0, gives data cofrected fpr complexed TOPO and
for activity_coefficiénts.of the organic-phase acid.” Dashéd 1iﬁes afe drawn
with'unif‘slépe.

Fig. 3. Variation»of organicaphaéevacid content with thé half—powér of the

aQuéous HNO 'actiﬁity for 0.50 (line 1), 0.283 (line 2), O.ll6v(line 3),

3
0.050 (iinevh) and 0.010 M (iihe 5)‘TOPO ih ﬁitroﬁeniene. ®. denotes uncor-
réctedvaéfé; [0, denctes data cbrreéted for complexed'TdPO (seevtext) and
for activity coefficients bf the organic phase. :L3£8e*daSh lines are drawn
with slope unity.

Fig. L. vVariétion of organic-phase acid contént with TOPO concentration in
nitrobenzene.forvaqueous HBr concentrations of Q}hgé (1ine 1), 0.0852 (1line
2) -and 0. OCV?IhIQ"(‘M (line 3) HBr. @, ldenotes uncorr‘eAc’(.:ed da:i::a; Ois datav o
éorfeéteé tor used;up HBr_andvfor organic—phasev§cﬁivity coefficienﬁs.

re Dashed liheé are drawn wifh unit slépe.

Fig. 5. Véfiation of organic—phase acid content with.TOPO concentration‘in

1,2-dichloroethane for aquéous HCl concentrations df 1.0 (line 1) and
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0.10 M (linév25 HCl. @, denctes uhcorrected data;EEli; data corrected for
used-up HC1 and for oréanic—phaée:aétivity coefficieﬁté. bashéd linés are
drawn with unit slope. o o | .
' Fig. 6. ‘Variation of.organic—phase acid contenf with TGPO cohcentfation in

nitrobeniené'for_aqueous HNO 5 concéntratiQns of'd.lZT (l1ine 1) an%'0;03ﬁ9 M

(1ine 3)_HNQ3;» 0, denotes uncorrected data; O, is data corrected

up HNO3, aéfivity coefficients and estimated équiiibrium TOPO concentrations

H

'for used-'

(see text). Dashed lines are drawn with slope unity.

Fig. T. Variation of square-root of the orgénic-phase acid activity VS, the

prodﬁpt {[TOPO]g (Hx)}l(Z, Line 1 is for TOPO-HBr-nitrobenzene; line 2 is
for TOPO;HBr;aichloroethane; and line 3 is for To?0f501§1;é-dichlofoethaﬁe.
Lines afe dr;wn Vith‘unit slope. | ‘“ | |

Fig. 8. Water'cOntent vs. HBr organic-phase ponceniféti§n (as the équeoﬁs HBr‘.
concentration increases) for a total TOPO concentration of 0.30 M in nitrb;
bgnzene and l,2—dichloroethéﬁé. Lines -1 and'2.are fﬁe fbtal organic—phase
water less diluent water for nitrobenzene and l;Q;dichloroethane-respectively;
Line 3 is the total organic-phase water less bofﬁ.the.dilﬁent water and
water bound to TOPO for both diluents; @, l,2—diChlor0ethéne; E],niﬁrof
benzene; ‘

Fig. 9. Waﬁérvcontént vs. HC1 organic—pha;e'concentratibn (as thé aqueous HC1
concentfatibﬁ increases) for a total TOPO concehﬁfaﬁibn"of Q.éS_M in 1;2;’
dighloroethane. Line 1 is the total organic—pﬁése water less diluenﬁ water;
line 3 is the total organic-phase watér less both‘diluenﬁ wéter and wéﬁer o RV
bound to TOPO; and line 2 (#) is a third power correction for decreased |

water activity.
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Fig. 10. 'Waté?icéﬁtent vs. HC; and.HNO3 concentrationvi#;£he organic phase'
(as the aq§géus HC1l and HNO3 concentration increaséé);for a tpial TOPO con-
centration,bfvd.SO M and.0.116 M TOPO in nitrobenzené.b Lines 1, 2 and 3.
are the t&tai-dfganic-phase water less diluent watér for 0.5 M TOPO, HCl,'
Q.S M TOPO,.HNOBvand 0.116 M TOPO, HNO,, respecti§ély. Lines 1', 2' and
3! are the tofal organic-phase water iess both thé.diluent_water and the

water bound‘to TOPO for the above TOPO-acid combinations fespectivelyf
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
.Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: :

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. v

As used in the above, "'person acting on behalf of the Commission”

includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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