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THE EXTRACTION OF ACIDS BY BASIC ORGANIC SOLVENTS 

1 
Trioctyl Phosphine Oxide-RCI04 and Tr10ctyl Phosphine Oxide-HRe04 

T. J. Conocchioli,2 M. I. Tocher, and R. M. Diamond 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

Abstract 

The extraction of HCI04 and HRe04 into dilute solutions of trioctyl 

phosphine oxide (TOPO) in CC14 has been studied, and the nature of the extrac

ting complex de~ermined. It has been found that forTOPO concentrations 

< 0.1 M in CC14 and for aqueous, acid concentrations low enough so that the 

stoichiometric ratio of TOPOjH+' .. in the organic phase is > 6, the only extrac

~ing species are the water complex TOPO'H20 and the tri-solvated hydronium 

ion, H30+·3TOPO, which is ion-paired with the Cl04- For higher concentra

tions of acid in the organic phase, the predominant species appears to become 

+ -the one-to-one complex TOPOR ••• Cl04 These results are compared with those 

for tributyl phosphate extraction and the model proposed earlier. 

--- I 
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Introduction 

Solvent extraction systems composed of an inorganic acid, water, 

and an organic base, either :pure or diluted with an inert organic'liquid, 

can be interpreted on the basis of a mode~ which views the extraction as. 

a competition among water, the extractant, and the anion for solvating the 

proton. The nature of this process is further dependent upon the dielectric· 

constant and the acidic or basic character of the inert diluent, if one is 

present. Two previous papers have described the extraction of aqueous HCI04, 

HRe04' and HBr by solutions of tributyl phosphate in dC14•3,4. In these 

+ .-systems the extracted acid species was H
3
0 ·3TBP·yH20 ••• X , where ° ~ y ~ 3. 

That is, the TBP is not basic enough to take the proton alone out of the' 

water phase, but extracts a partially hydrated hydronium ion; water is a 

stronger base than TBP. 

The extractant used in the present study was tri-n-octyl phosphine 

oxide (TOPO), a stronger base than'TBP. Thus it might be expected to ccm-

pete better with water for the proton, and so permit less water in the extrac-

ted complex. The choice of TOPO.was also influenced by the fact. that it has 

only one basic site--the phosphoryl oxygen--as opposed to TBP which has three 

ester oxygens in addition to the terminal oxygen. 

A number of studies have been conducted on the extraction of mineral 

and complex acids by TOPO.5-10 A feW' have suggested the nature of the extrac-

ting adduct but most have neglected the presence of 'Water in any such complex. 

This study will show that an investigation of the TOPO-H20 system and of the 

water content in the presence of acid extraction must be included to sat is-

factorily· explain the e·xtraction mechanism of strong acids. 

The acid chosen was HCI04 because CI04- is a very weak base, ,and so 
" 

does not enter I the competition. Perchloric acid is also ~ good model for the 
\ \ . 

strong complex metal acids such as HFeC14, HAuC14, HRe04' etc. In addition, 

~eo4- was used in tracer form because it has about the same acid strength 
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186 ( ) and ionic size as C104-, and has a convenient isotope, Re , t l / 2= 90h , 

which made possible the extension of the studies to more dilute solutions. 

The solvent used was CC14 which has a low dielectric constant(€ = 2.2) and 

so cannot easily support a charge separation of even moderately-sized ions. 

Thus the attraction between the proton and the anion in such a medium is 

increased over the value in water, and the extracting complex might be 

expected to be an ion-pair. 

The method of studying the complex was that suggested by Hesford et, 

al. 11- 13 in which the activity of one component of the system is varied 

while all others are kept constant, thereby showing the dependence of· the 

extracting complex on that particular component. Because concentrations 

(as opposed to activities) are what are usually measured, one must use caution 

in drawing conclusions about the nature of the complex from such studies. 

This problem may be minimized by limiting the concentration of extractant 

to only a few tenths molar and choosing experimental conditions such that 

only a few percent of the extractant are involved irt the extraction complex. 

Thus, the organic phase retains the properties of the inert diluent, and 

changes in concentration of the extractant, aCid, and water in that phase will 

have only a slight effect on their activity ~oefficients. After the nature 

of the complex in dilute extractant is established, studies may be extended 

to more concentrated solutions to see if, in fact, more complex interactions 

are occurring in the organic phase. 

, 
. ! 
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. Experimental Methods 

Reagents. The TOPO used was Eastman White Label Product. Purificationby 

equilibration with mildbase~ washing with dist~lled water, and recrystalli

zation gave a product with a behavior identical to that of the original pro

duct; therefore, the material was used as obtained. A stock solution of.' . 

0.1 M TOPO in CCI (Baker and Adamson reagent grade) was' prepared by weighing 

the desired amount of TOPO and making up to volume in a volumetric flask. 

All dilutions of TOPO were made in volumetric glassware:from the stock solu-

tion. Solutions which had to be dried were stored over molecular sieves 

(LindeCo., 1/16-in. diam. pellets), but could not be left for long periods 

due to the uptake of TOPO itself. At time of use, these solutions were fil-

tered under mild vacuum in order to remove suspended particles of molecular 

sieves. 

The HCl04 solutions were prepared by diluting G. F. Smith reagent

grade HCl04(70-72%) by dilution with distilled water. Determination of. 

aqueous acid concentrations were made b~ standard analytical. methods, i.e., 

titration with standard base to the red end point of phenol red (pH = 7). 

Matheson, Coleman, and Bell stabiiized and premixed single-solution Karl 

Fischer reagent was used in the.water determinations. Methanol used in the 

Karl Fischer analysis blank was Baker and Adamson Electronic grade (~o~li H
2
0). 

The pyridine used was Baker and Adamson reagent grade (o.li H
2
0). 

186 -The radioactive Re 04 tracer was prepared .by irradiating KRe04 

with neutrons in the Livermore pool-type reactor. The product was dissolved 

in distilled water to give an approximately 10-3 M KR€o4 solution which was 

further diluted before use. 

Procedure. Equal volumes of aqueous ac:!-d and TOPO solutio;ns in CC14 were 

equilibrated in glass stoppered bottles. Samples 'were normally shaken from 

1 to 3 hours wfth a wrist action shaker. Some samples were! shaken as much 

as 6 hours with no detectable difference in extraction; previous wcrk in 
\ . 
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this Laboratory had indicated that equilibrium is.atta1ned in similar systems 

in less than 30 minutes. ' Af'ter equilibration, ,samples were transferred to 

centrifuge'cones, ~entrifuged for 1 to 3 minutes, and the organic phase was 

withdrawn with a pipette. The organic phase was the bottom phase in all cases 

except those in which TOPO solutions were equilibrated ,with greater ,than 6 M 

HC104• The acid content of the organiC phase was determined-by a direct two

ppase titration using 0.0100 M or 0.1000 M NaOH, with stirring of the phases 

continued throughout the titration. Phenol red (pH = 7) was used as the 

indicator, and determinations were made to'its red end pOint. A blank was 

run using water-saturated TOPO solutions; the amount of NaOH used for the 

blank was subtracted from that used for the sample in order to obtain the true 

amount of acid extracted by the,organic base. 

The water content of the organic phase was determined by the Karl 

Fischer method, using a direct visual end point and a pyridine-methanol 

14 ' 
blank. The Karl Fischer reagent', was standardized by titration of samples 

of methanol with known water content. A Beckm~ IR-5 double-beam recording 

spectrophotometer was also used to determine the water bound to the TOPO mol-, 

ecules by means of the peak heights of the symmetric and antisymmetric stretch-

ing modes of water. Dry CCl4, or a dry TOPO. solution in CC14 of the same 

concentration as the sample was ,used as a reference. Sample solutions and 

reference were contained in matched 2.0 or 0.2 nun cells with CaF2 windows 

or 0.5 nun cells with AgCl wind~ws. A quantitative correlation was found ~n 

dilute solutions between the peak heights and the water values obtained by 

the Karl Fischer method when corrected for the water dissolved in the CC14 

itself. 
\ 

In the tracer studies between 10 and 40 ~l of KReb4 tracer were added . 
'\ 

to the mixture of aqueous acid and organic extractant befot-e shB.king. After 

shaking, centrifuga.tion; and separation, ganuna counting was done on 2 ml 

aliquots of each phase with a well-type Na(Tl)I scintillation crystal and a 
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single-channel analyzer. The total number pf counts/min in both phases 

(corrected for background) was equated to the ,quantity of macro. HC104 origi

nally taken. The fraction of the total counts found in each phase times the 

original quantity of HCl04 taken gave the amount of acid in that phase, under 

the assumption that HCl04 and Hre04 behave s~ilarly (but see later). AU 

o experimental work was done at room temperature, 23 ± 2 C, with no detectable 

changes in extraction over this range. 

Results 

Investigation was first made of the ?OPO-H20. system. Solutions of 

0.002 to 0.5 M TOPO in CC14 wer~ equilibrated with water, and the water con

tent in the organic phase was determined by the Karl fischer method.' Figure 

1 shows a plot of. log organic-phase water vs log total TOPO concentration. 

The values shown are corrected for the amount of water dissolved in CC14 

alone. This correction is merely the solubil:i,ty of,H20 in CCl4 (O.OlOM) 

times the volume fraction, of CCl4,ln the soluM.on. 

The concentration of TOPObound water can also be determined from 

infrared analyses. The fundamental vibrational stretching modes of unbound 

water molecules, the anti-symmetric and symmetric stretches, are at 2.7~ 

and 2.76~, respectively. The pOSitions and relative magnitudes of these 

peaks are nearly the same for g;aseous H20 and H20 dissolved in CCl4, in:licat-

15 ing that there is little hydrogen bonding present in the latt.er case. In 

such circumstances, the shorter wavelength peak shows the greater absorbance. 

But, when water is hydrogen bonded through its OR'groups the ratio of peak 

heights changes, and the absorption moves. to longer wave ';Lengths. Spectra 
\ , 

; , of driedTOPO ,solutions showed no absorption peaks in tb.e'region from 2.3 to 
I 

3.0~. However, when water was extracted into dilute TOPO solutions (~O.l M) 
j' 
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the two water peaks appeared, but at a longer waye1ength, or lower energy, 

2.71~ and 2.97~ respectively, than for monomeric H20 and the 2.97~ peak 

showed the 'greater absorbance. These changes indicated the hydrogen bonding 

of water to the TOPO and a corresponding weakening of the O-H bond involved. 

Spectra were taken of water-saturated TOPO solutions from 0.001 to 

0.5 M TOPO. Calibration curves relating the absorption peak height of the 

2.71~ and 2.97~ peaks to the water content were normalized to the Karl Fischer 
, , 

titration values in the region around 0.06 M TOPO; here, the water concentra-' 

tions were sufficiently,high so that the titrations were subject to relatively 

small experimental error.' A plot of log organic-phase water vs log total 

TOPO, determined by either peak, gave results in good agreement ,with the Karl 
\ . . 

Fischer values for solutions as '"high in concentration as 0.1 M TOPO~ At this 

point the curves of the two peaks diverged; that of the 2.97~ peak rose 

faster than the 2.7~ peak and approximated the Karl Fischer values. 

The next series of experiments had to do with the HC10 4 extraction 

itself. Concentrations of acid from 0.01 to 11 M HCI04 were equilibrated 

with dilute solutions of TOPO in.?C14 ranging from 0.01 to 0.1 M, and the . 

organic-phase, acid content was determined at each external (aqueous) 'acid 

concentration. Figure 2 shows a plot of. log.organic-phase acid vs'log aqueous. 

acid concentrations. The latter are' equilibri~ acid concentrations, ,i.e., 

. +' the initial'aqueous acid molarity minus the amount of H extracted'by the 

organic phas.e. It should be noted that' the experimental organic-phase acid 

concentrations must be corrected for the amount of acid extracted by CC14 
! 

without TOPO pr~sent; however, the extraction of HCI04 into CC14 was ,found," 

to be negligible over the range of HC10 4 concentrations used. 

The Re04- tracer extractions from macro-concentrations of ,HC104 were 

used to extend~the range of aqueous acid concentrations inVestigated toward 
, ' 

i ' I, 

more dilute solutions, namely down ito 0.001 M HC1040 A log-log plot of the " 

organic phase acid concentration (as calculated from the Re04- tracer 

' .. ~ 
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distribution) vs the equilibrium aqueous HC104 activity is given in Fig. 3. 

Determinations were also made of the':,amount of H20 extracting with 

HC104. Solutions of 0.05 and 0.1 M TOPO were equilibrated with aqueous, solu-

+ tions of acid ranging from 0.01 to 11 M in HC10 4 and the amounts of H and 

H
2

0 in the organic phase were measured, the latter by ~he Karl Fischer method. 

The water values, however, include the water dissolved in CC14 alone, which 

quantity may be calculated as the product of the so~ubility of pure water in 

CC14, the ~queous water activity, and the volume fraction of CC14. The amount 

of water extracted minus this CC14 water is shown in Fig. 5 plotted vs the 

organic phase acid concentration. Infrared spectra were also recorded for 

0.1 M TOPO solutions equilibrated with various concentrations of aqueous acid. 

Because a dry TOPO solution was,used as a reference, the water absorption 

peaks (after correction for H20 in CC14 alone) gave an experimental determina

tion of the amount of wat'er bonded to TOPO, but not in the acid complex. 

, Discussion , 

It is assumed that the TOPO-water system is maintained independ- ' 
, ' . 

, ' , \ 

ently of any TOPO-acid system so that TOPO, molecules bonded to water are ndt 

readily available for acid extraction. Therefore, the initial investigation 

was of the extraction of pure water by TOPO. The equation for this 'extraction 

may be written 

(1) 

where (0) indicates'the organic phase. The corresponding equilibrium constant 

is 

/ 

", .f 

.; 
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= (2) 

where ·parentheses ( ) signify activities, brackets [ ] concentrations, 'Y acti- . 

vity coefficients, and where [TOPO] always means the equilibrium TOPO concentra-

tion. Initial·or total concentration will be specifically indicated. 

Although very little is known about activity coefficients in organic 

solutions, the assumption was made that the ratio of activity coefficients 

'YH O:nTOPO/~OPo was constant; thus, organic phase concentrations were used 
2 .. 

. instead of thermodynamic activities. This does not seem unreasonable as the 

solutions of TOPO were kept dilute so that the properties of the inert diluent 

were essentially retained. As will be see·n later, the results of the extrac-

tion studies substantiate this assumption. Thus, Eq. (2) may be rewritten 

[H20·nTOPO ] 

[TOPO]n(H20) 

Taking logarithms and rearranging yields 

Assuming that the water activity is approximately equal to 1, ~ince thesolu

bility of TOPO in water is negligibly sma~, a plot oflog(H20·nTOPO] vs 

loge TOPO] will determine n, the numb~r of TOPO molecUles per water molecUle" 

The equilibrium TOPO concentration may be calculated as [TOPOl = [TOPO]total 

-n[H20 o nTOPO] in which [TOPO]total is the initial TOPO concentration and 

n[H20·nTOPO] is n times the water content in the organic phase (exclusive 

of water just dissolved in the CC14). 

Figure 1 shows a plot of log organic-phase water VB log initial TOpO~ 

The curve .is linear from 0.001 to 0.1 M TOPO with a slope of 1.0. Correction 

..:. 
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to equilibrium TOPO yields a value of n = 1.0 and KH ° = 0.56, which means 
2 

that at TOPO concentrations below 0.1 M in CC14 36% of the total TOPO is 

. bonded to H
2
0, and the water:'TOPO complex contains only one TOPO. This is 

analogous to the earlier studied TBP-CC14 'System,3 and the larger value of 

~~ is an indication of the greater basicity of TOPO over TBP. -11
2

0 

Above 0.1 M TOPO, the curve rises more steeply than a slope of unity. 

This rise indicates either the introduction ofa new TOPO-H20 complex or the. 

breakdown of the assumptions made for dilute solutions. The linear portion 

of the curve, however, supports the assumption of a constant activity coef-

ficient ratio for TOPO species in the organic phase in the region of concen-

trat:J,ons ,in CC14 below 0.1 M. 

TOPO-H20-HCl04(HRe04) •. The rea~tion for the extraction of dilute acids by 

dilute solutions of TOPO may be written 

depending upon whether the extracting species is a) molecular, b) ionic but 

associated, c) ionic and dissociated. The assumption is made that the anion 

in Eqs. (4b) and (4c) is not hydrated nor complexed by the extractant in the 

organic phase, and Cl04- and Re04- appear to satisfy this requirement. 

are 

The equilibrium constants for Eqs. (4a), (4b), and:(4c) respectively 
·i 
'; 
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(H+.nTOPO·yH20 •.•. X-) 

(TOPO)n(H
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(H+.nTOPO·YH20) (X-) 

(TOPO)n(H
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0)y(H+X-) 
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(5a)' 

+ -[H ·nTOPO·yH20 ••• X ]~ 

n n ( )y( + -) [TOPO] ~TOPO H20 H X 

(5c) 

'n n 
It is again assumed tha~ the,rati? ~/~TOPO or ~+~_/~TOPO is a constant, 

as the TOPO solutions are in a dilute, 'near-ideal region. Substituting 

(H+](o) to repr~sent the extracted acid in the organic phase, with m = 1 ~or 

cases (a) and I (b) and m = 2 ~or case' (c). leads to the simpler general expres-

sion 

(6) 

Thus, i~ the equilibrium TOPO concentration and water activity are 'kept con-

, + + -' -stant, the slope o~ the p10t o~ 10g[H ] (0) vs 10g(H X ) will yi~ld 11m. .:,;-
Figures 2 and 3 show that be10w an aqueous acid activity o~ unity ~or 0.01 M 

-2 "[ + ] TOPO and o~ about 10 ~or 0.1 ~ TOPO a 10g-10g plot o~ H] (0) va [TOPO total 

does give a slope o~ about unity. Experimentally, however, as the amoUnt o~ 

extracted acid increases, the amount o~ TOPO tied up in the complex also in-

creases and so [TOPO] decreases. There~ore, the raw data must be corrected 

to a ~ixed equilibrium TOPO concentration, to satis~y the requirement o~ Eq. 

(6). The ~ollowing expression may be used (as will be shown below) 

""1 
.! 
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+ I 

[H ](0) = 
+ [TOPO] 13 

[H ] (0') "3 
,[TOPO] 

+ ' ' whe~e [H ](0) is the corrected organic-phase concentration corresponding to 
, ' 

a fixed e~uilibrium TOPO concentration, [TOPO], taken to be the initial con-

centration, and the unprimed values are the experimental e~uilibrium concentra-

tions, 1. e., (TOPO] is the actual concentration of unbonded TOPO. The latter 

does not include TOPO.H20 nor TOPO bound to the proton; thus, these cor

rections must be evaluated. The concentration of TOPO used in the acid com-

plex will be + n[H ](0) with n = 3 as shown below, so that 

[TOPO] (8) 

Substitution of the value of TOPO·,H20 from E~., (3) yields 

[TOPO] 

The use of E~s. (7) and (9) 'permit the data plotted in Fig. 2 to be corre,cted' 

to a constant e~uilibrium TOPO concentration, and these corrected data are 

shown in Fig. 5. Slopes of 11m = 1 are obtained, so m = 1 and the species is 

either molecular or ion-paired. This conclusion agrees with conductivity 

measurements made by Hesford and McKay ~or extracts of HC104 in TBP-benzene 

solutions in which the conductivity was negligibly small at concentrations 
16 ' 

similar to those used in this study, and is certainly what one would expect 

for a solvent system with a dielectric constant as low as that of CC14 I 

(€ = 2.2). \ 
\, 

Figur~ 4 shows a plot of 10g[H+] (0) vs log' aqueous\ acid for tracer' 

HRe04 in macro HCl04 at two values of initial TOPO concentration. Again the 
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linear portion of the curve has a slope of approx1ma~ely 1, and after correc

tion toa constant equilibriumTOPOvalue, Fig. (3 shows'that the corrected 
, ' 

values again yield m = lover an extended range of acid concentration. It 

must be not'ed that the extraction of HRe04 tracer acid in HC104 differs some

what from the extraction of HCl04 itself, and is in fact, slightly higher; 

the conclusions that can be drawn from an analysis of the slopes, however, 

are not affected. 

From Eq. (6), it can be seen that if the aqueous,HCl04 activity is 

kept constant, a plot of 10g[H+] (0) vs',log[TOPO] willyield a curve, the slope 

of which is n/m. For a molecular or ion-pairing complex, m = 1, and the 

slope equals n, the number of TOPO molecules bound'in the complex. The 

'+ ' 
experimental plot Of,'log[H ](0) ',.vs 10g[TOPO]total is given in Fig. 4 for HRe04 

tracer in HCl0 4 • A slope of about 2.5 is obtained. But. the use of Eq. (6) 

to determine n, requires that 10g[H+] (0) be plotted against iog[TOPO], not 

10g[TOPO]total sO,that the amount of TOPO bound to water and to the acid must 

be subtracted'as in Eq. (9). Since such a correction will steepen the slope 

and so increase the value of n, a trial value' of n = 3 was used in Eq. (9). , ." 

+ ,', 
The resulting curve ~or 10g[H ](0) vs,log[TOPO] yielded a slope of 3 until' 

about 40% of the total TOPO was complexed by'acid, Fig; 7. Corrections using 

n = 2 and n = 4 did not yield the corresponding slopes. Therefore, n is, iri 

fact, equal to 3, just as in the corresponding TBP system.3 
, 

The number' of water molecules per proton, y, remains to be determined. 

The Karl Fischertitrations gave values for the total amount of ~ater present. 

These values th~n had to be corrected for the solubility of water in the CC14 

and for the amount of water involved in the TOPO-~O complex in order to yield 

values for y. The former term is calculated in the way previously described, 

while the water bound as TOPO·H20 can be calculated from ~~. (3) assuming that 
, I 

the TOPO-H20 system is maintained independently of the TOPQ-acid-H20 system, 

and that no other TOPO-acid complex exists. In Fig. 9 is shown a plot of the 
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+ 
viater bound in the acid complex, [H20]acid vs (H J(o)" It can be seen that 

the curve passes through the origin and that 'its slope 'isinitially 1. 
. + 

.If, then, the stoichiometric ratio of TOPO/H is greater than about 

+ + '. 6, the ratio of TOPO/H and of H20/H in, the organic phase complex is 3 and' 

1, respectively. These ratios strongly suggest that the hydronium ion is the 

. species about which the three TOPO molecules are <;!oordinated, because each-

of the three hydrogens are possible as acidic bondin~ sites for the basic 

phosphoryl oxygens. This is similar to the species described for the extrac-

tion of HC10 4 by dilute TBP solutions ·.in CC14 (ref. 3). But with the less 

basic extractants such as TBP or ethers, water competes better with the extrac-

tant·for ,the protonic sites on the hydronium ion, and so additional water 

molecules are bound in the complex. Water to proton ratios varying from 1 

to 4 may be found depending upon the concentrations of the components •. The 

more basic TOPO molecules do rot permit any addition water to bind directly to 
+ . 

the H30 ion and so the ratio of water to acid does not exceed unity. .With 

the still more basic amine systems, the amine takes the proton away from even 

the hydronium ion forming an ammo,nium ion and an almost anhydrous organic 

phase. 17 

, , 
Additionally, the species in the TOPO-CC14 solutions 1s expected to 

be ion-paired rather than a molecular complex because (a) it seems unlikely 

that a molecular acid could coordinate three TOPO molecules plus a water.mol-

ecule about itself; and (b) the C104- ion is a very weak base and extraction 

of molecular HC104 in dilute solution would not be expected. 

On the basi~ of the foregOing considerations, it may be stated that in 

CC14 solutions of TOPO up to 0.1 M and with aqueous HC104 and concentrations' 

'. + -
up to about 0.2 M the species may be written H30 ·3TOPO ••• C104 ' and the most 

likely structure for the extracting complex is 

/..-. 
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TOPO-concentrated HCl04• The curves shown in Figs. 2 and 3 deviate from the 
---'-;"'---0:-, --- " 
initial slope of l when the amount of TOPO bound in the extracted complex ' 

exceeds about 50% of the total TOPO concentration. For the TOPO concentra-
-2 . -1 

tions used in this study, 10 to 10 ,this corresponds to aqueous.HCl04 con-
, -2 

centrations greater than about 10 and 1 M, respectively. The assumptions 

used for the interpretation of extraction into dilute solutions are probably 

no longer valid, but some inferences and conclusions can be drawn from 

stoichiometric considerations. 

In the concentrated acid: region (0.2 to 11 M), the 10g[H+](0) vs 

10g(HCl04 ) curve (see Fig. 2) approaches as a limit a value of the organic

phase H+ equal to the total TOPO concentration, although even at t~e highest 

initial HCl04 concentration, the stoichiometric TOPO/H+ ratio is not quite 

+ ' 1. When the stoichiometric TOPO/H ,ratio falls below 3, a new species must 

be involved besides'the ,previously described H30+·3TOPO •••• Cl04-. The 

a~ymptotic limit suggests that at high organic phase acid concentrations, 

only one,TOPO molecule, is associated with the P!oton. The water activity 

in concentrated HCl04 has been reduced considerably, and TOPO certainly com

petes more favorably asa base for the proton. It appears to become, in 

fact, the primary solvating molecule leading to a complex of the form 

+ -TOPOI;I •• oCl04 ,0 This would be similar to the formation of an ammonium salt 

by the still more basic .trialkylamine. However, the water content in the 

\ . " 

.' 
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prganic phase does not go to zero, suggesting that a hydrated species may 

+, -also be involved very possibly TOPOH .OH2 ••• C104 Possibly the water is 

just distributing to a greater extent due to the increased ion content in 

the organic phase, i.e., the changing nature of'the organic phase makes it 

more attractive to water, but this is not too likely in such dilute solutions. 

Conclusions 

For the system of dilute HC10 4-H20-TOPO, water best solvates the 
, + 

proton, and the H30 ion is extracted over a considerable range of TOPO and 

acid concentrations. "+ '-The species present is ~30 ·3TOPO •••• C104' an ion-

pair in the CC14 diluent. This, trisolvated species is 'similar to the one 

proposed for the extraction of HC104 by dilute TBP, (a :weaker base) in CC14, 

except that TBP carillot entirely displace the. water molecules from about the 

hydronium'ion. 3,4 But as the acid concentration is increased, the water 

activity falls and the amount of free TOPO decreases, so that a transition 

'+- , occurs to a monosolvated speCies;, TOPOH ••• C104 , and probably the hydrate, 

+ -,TOPOH ·OH2 ••. C104 " 

In general, it is suggested that for. systems involving dilute acid, . . 
water, and dilute extractant where the anion'of the acid is a very weak base 

and the extractant is a base, weaker or comparable to, water" that the hydro .. 

nium ion is the basis for extraction~ In addition, in low dielectric con

stant media, the complex can be expected to be ion-paired. Subsequent 

reports vill discuss the cases where the anion is the strongest relative~ 

base in the system' and where the extractant is the strongest base. Also, 

the effect of high dielectric constant solvents will be presented. 
I I 
; ~. 

I· 
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FIGURE CAPTIONS 

Fig. 1. Variation of water content of organic phase (CC14 diluent) with 

TOPO concentration, corr.ected for solubility of H20 in CC14: d Karl 

Fischer; 0" 2.7511 peak; f:::.. 3.01-1 peak. 

Fig. 2. Variation of organic-phase acid content (CC14 diluent) with aqueous 

HCI04 activity for total TOPO concentrations of d O.l!ij 

0' 0.01 M. 

/::;. 0.05 Mf 
, -

Fig. 3. Variation of organic-phase acid content (measured by HRe04 tracer, 

CC14 diluent) with aqueous HC10 4 activity for total TOPO concentrations 

of 0 0.1 ~j 0 0.01 M. 

Fig. 4.' Variation of organic-phase acid content (measured by HRe04 tracer, 

CC14 :diluent) with initial TOPO concentration for aqueous HCI04 activity 
-3 ' 

of 2.8 X 10 • 

Fig. 5. Variation of organic-phase water content (CCi4 diluent, corrected 

for solubility of H20 in CQ14) with. organic-phase HC104 acid content: 

p 0.1 ~ TOPO; /:::,. 0.05 ~ TOPO. 

Fig,' 6. Variation of organic-phase acid content (CC14 diluent) with aqueous 

HCI04 activity for fixed TOPO concentrations of CJ O.l~;, ~ 0.05 ~j 

o 0.01 M. All 'lines drawn with sl:opes of 1.0. 

Fig. 7. Variation of organic-phase acid content (measured by HRe04 tracer, 

CC14 diluent) with aqueous ,HCI04 activity for fixed TOPO concentrations 

of 0 0.1 ~j 0 0.01 M. Bo~h lines drawn with slopes of 1.0. 

Fig. 8~ Variation of organic-phase acid content (measured by HRe04 tracer," 

CC14 diluent) with equilibrium TOPO concentrations for aqueous HCI04 

activity of 2.8xIO-3 • Lines draWn with slope of 3.0. 
) 

Fig. 9. Variation of organic-phase water content (CC14 ' di\uent; M. H20 acid 

does. not i~clude H20 dissolved in CC14 nor complexed ~ TOPO'H~p) with' 
'. . 

organic phase HC10 4 acid content; CI ,0.1 ~ TOPOj .6 0.q5 M. TOPO. 
. ! 
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Fig. 3 
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