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ABSTRA.CT_A
The extraction of tetrabutylammonium ni£rate into dilute solutions of
l-decanol, ROH, in 1,2;dichloroethahé has been studied and the nature of the
exfraCted speciles has been detérmined. Over the entire accessibie concen-

tration range; the orgénic—phase specles is an ién palr of the tetrabutylam-

- monium cation and the monosolvated nitrate ion, NO5 ROH. These results have

‘beén'compéred to those for tetraheptylammonium fluoride where substantial

differences in solvation arise.
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INTRODUCTION

Two previous papers(2,§) haﬁe shown the applicability of a solvent ex-
traction method for determining the coordination number of small anions towards
A slightly acidic molecules such as alcohols and phenols. The use of larger
~anions poses two difficulties; 'lafger anions are structure-breakers in water
and poorly hydrated so that they have a greater tendency to distribute into
the organic diluent even in the absence of extractant molecules, leading to
large blaﬁk cdrrectioné;'their coordination to the extractant molecules may
‘be weaker, ﬁhiéh will lead to poorly defined complexes of iower average co-
. ordination nﬁmber. However, there is interest in determining the coordination
number of the nitrate ion. It may coordinate through one or two of its

oxygens(4), and in one form of solid Cu(NO it appears to bond weakly

3)e ‘
through the third oxygen also(5). The possibility exists that it might even
Symmetrically.qomplex_fhreé‘acidicAspecies to its'thrée oxygené,‘somewhat as
the hydronium ion can coordinate three basic molecules to its three éites of
positive charée. The most favorable situation for this behavior wbuld'seem
té be when coordinated to weakly acidic specles. Therefore,,in this work, the
éxtraction of tetrabutylammonium nitrate from water into.dilute solutions of
i-decanol in i,25dichloroethane,has been investigated. Because of the
structure_éndiiargé size of fhe teffabutylammonium cation, an& évidence for

coordination of alcohol to thé extracted salt should be due to the nitrate ion

alone.



3 UCRL-17997

EXPERTIMENTAL
Reagents
1-decanol was obtéined as a White Iabel product from Matheson, Coleman

aﬁd'Bell. The l,2—dichloroéthane was of spectroscopic grade from the same
source. A stock solutioﬁ of-l-deéaﬁol in 1,2-dichloroethane (0.524 M) was
made, and solutions of lower alcohol concentrationweréprepared, as required,
by volumetrie dilution. Tetré—n-buﬁylammonium iodide (White Iabel, Eastman
Organic Chemicals) was partly converted to the nifrate by stirring a small
excess of the iodide as an aqueous slurry with silver nitrate. The small
quantity-of iodide which remained in the filtrate from the previous step was
convefted to the nitrate by passing the solution through an anion ekchange
- column (Bio-Rad AG3-XL4) in the nitrate férm. The Karl Fischer reagent used
' for water determinations was the stabilized, premixed solution available from
Matheson, Coleman and Beil. Thé methanol used in the Karl‘Fischer blank was
Baker and Adamson Electronic Grade (water content < 0.1%) kepf over molecular

sieves.

Procedure

Solutions of l-decanol over the concentration rangel0.05 Mto 0.5 M
-in 1,2-dichloroethane were shaken with aqueous solutidns of tetrabutylammonium
nitrate, TBAN, varying in concentration from 0.003 M to 0.14% M. A volume
ratio of ofganic pﬁase to aquebus phase of 1:5 was used. When equilibrium
was reached, sampleé of the organic phase were withdrawn and back—éxtracfed
with a measured volume of water in excess of the organic éliquot. The re-
sultant aquéous concentrations of'nitfate‘ion were determined by a spectro-
photometric methdd(é). The extraction of TBAN'into'l,2—dichioroethane alone

vas simiiarly studied as a function Qf agueous concentration of TBAN.
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Attainment of equilibrium for the extraction and back-extraction was
checked by varying the time of shaking in each of the tuo steps. Shaking for
1 hour was found to be more than sufficient for the initial extraction and so
was chosen as a convenient interval, while for the back-extraction, equilibrium
was reached in less than 15 minutes. All experiments were performed at

22 * 2°,

_ RESULTS

v The_extraction of water alone by the alcohol in 1,2-dichloroethane is
shown in'Fig.'l for the range of alcohol concentrations‘0,02-0.5 M. The data
have been corrected fof the extraction of water into the diluent itself;
found in this work, 0.095M, literature value(7), 0. 104M

Data for the extraction of TBAN into O. 209 M and into O. 52h M solutlons'

of l-decanol in l,2-d1chloroethane are shown in Tables l and 2. The corrections
which appeaf in columns U and 5 will bé explained below. Activities of the
 ailute solutionsvof TBAN in water uerescompuﬁed from the eguilibrium aqueous
concenﬁrations and ffom aCtivity coefficients approx;mated b& the Deb&e-Hﬁckel
expression. | | | .

alz,7 1c1/2

log y4 = -_——————-—7—- : _ | (1)
B 1 + pac/? ' - .

where the values of A and B are those approprlate to water at 22° and a
' value of 6A.was chosen - for the dlstance of closest -approach, 4.

Data for the extraction of TBAN from an initial aqueous solution of.
0.0140 M into varying concentrations of alcohol are given in Table 3. The

organic-phase concentrations of TBAN listed in column 3 of Tables 1, 2 and 3
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have all been corrected for distribution into the diluent alone. Concentra-
tions listed in column L of Table 3 are those corrected to a constant aqueous

L 2

activity of TBAN, a = 1.34 X 10" or C = 1.29 X 10~ M.

DISCUSSION

Alcohol-water System

The equation for the extraction of water into a solution of an alcohol,

ROH;, in a diluent is

mH,,0 + nROH(org) = niH 0 ] L (2)

With a small number of additional assumptions discussed in another paper(8)

and justified by the results therein, an equilibrium expression can be

written

[H.0°nROH]
) 2 o)
K1 o

e (3)
2 (Hao)[ROH]O -

where brackets indicate molar concenﬁratibn_aﬁd parentheses, acitivity. .-

_Additionally,’the water activity can be ignored, since it will not depart

appreciably from unity on‘the_grounds of the low solubility of the extractant

‘in the water phaSe, Experimentally, the log-log plotvof organicQPhase water
| cohcentrations vs initial concehtration of alcohol has a élOpe of approxi-v

Vmately unity, Fig. 1, aithoﬁgh rising to a somewhat higher value (~1.3) for

decyl.aléoﬁol_concéntrations between 0.2 and O;5ﬂ. It may be that a dial-

‘coholate qf.water is beginnihg to form in the more concentrated solutions, but
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it seems to use morevlikely that the increase in slope is due to the change

in the nature of the organic phase from the dichloroethane diluent to a mixture
of decyl alcohol and dichloroethane. “That is, the ratio of the activity co-
efficients in the organic phase does not remain a constant. Ih any case, the
plot is closest to a slope of unity, suggesting that n=1. For each initiél
vconcentration of alcohol the equilibrium value [ROH]O can be'computed'then as

init " n[HQO'nROH]0 | (%)

’[RbH]O - [ROH]

Using the prelimina}y value of unity for n, the data plotted against these

equilibrium values (Fig. 1) fall on a line of slope n~l, with a value 0.20.
for Kﬁeo.

TBAN-H,0-ROH

The partition of-a tetraalkylammonium nitrate between an aqueous phase

énd the organic phasé can be éxpressed by the equatidn

~-mH o-nROH(ofg) (5a)‘

R N+ NO
Ll. s o0 3 2

R4N+ + NO% + mH0 + nROH (org)

or

>

mH20°nROH(org) (5b)

S+ - +,

RN + NO5 + mH0 + nROH(org) RN (org) + NO _
depending on whether the extracted species is an ion pair or a pair of dis-
'sqciated ions. As shown elsewhere(3), the formal expression for the equili-

brium constant can be simplified, for constant water activity and a constant

ratio of organic-phase activity coefficients, to
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[No;]z

K (6)

 (RORTS (R ) (303)
in which z=1 for case (a), and 7=0 for case (b). The aquéous activity coeffi-
cients of TBAN were estimated, in the absence of'experimental data, from the
Debyé;Hﬁckel expression. The osmotic coefficients of tetraethyl and tetra-
prqpylammonium nitrates are very close to those predicted from the Debye-
Hickel formalism beiow Q.i m, and so it may be expected that Equation (l) will
fairly well reprdduce aétivity coefficients for TBAN over the concentration
range 0.002-0.08 M.

Inspection.of Eqﬁétion (6) suggésts that if the equilibrium concen-
tration [ROH] is héid constant, a log-log plot o: [No;]0 Vs (R4N+)(NO;)
should give a line of slope l/z. Figure 2 shows that at aqueous activities
) beiow 5 X 10-4 for'extractions by 0.209 and O.52hM 1-decanol, such g plpt has
a slope éf'ﬁnity; 'At aétiVities higher‘than these, an increasingly large
fraction of the élcohql is complexed with the extracted nitrate thereby causing
serious departures‘from the cbndition of a constant equilibrium concentration,
[ROH]O.' This'ﬁecessitates,a,correction back to the initial concentration by

means of Equationv(7).
;No;]; £ FNO£]O:£3QH]é/F3OH]ov D - | (M

jbwhere priméd quantities refer tphthié (initial) cbndition, and unprimed
quantifies refer to experimental.ﬁalﬁés.> The equilibrium concentration [ROH]O
iﬁ Equaﬁibn'(T) is that conéentration of alcohol not complexed by watér nor by
tﬁe.nitratélion,vand can be-computéd from Equation (8)

Emmb?[KMHMt'[Hmd%mo'num;o | o @)
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with n = 1. These equilibrium concentrations of alcohol are listed in column
4 of Tables 1 and 2, and the corrected conentration of TBAN(org), [NO ]o’ is
given in column 5. Direct experimental justification for the form of
\Equations (7) and (8) will emerge below. Their immediate applicétion to the
data in Fig. 2 clearly raises all points at high aqueous activities onto the
line of unit slope extended from data at low activities where the correction
is insignificant. The unit gradient for 1/z, or the value 2=1, permits the
conclusion that over the accessible range of concentratlon, TBAN is associated
as ion pairs in the organic phase. |

If the aqueous activity of TBAN is held_conétént, then Eguation (6)
suggests that a log-log plot of [NO%JO vs [ROH]  should generate a line of
slope n, the number of alcohol mélecules wﬁich solvate the nitrate ion.
Such a plot was constructed first for the organic-phase salt concentrations,
corrected in column 4 of Table 3 fo a constant aqueous TBAN aétivity of ljBM
X lO—u, agéinst the initial concentration of alcohol. The line that passes
through thesé points is linear and has unit slope. This strongly suggests
that the'ektracted species has only i alcohol per nitrate ion. 'Thus,.the
correction of the initial alcohol concentratiphs to their equilibrium values,
IROH]O,Vmay Be made through Equation (8) with n=1, and these latter are listed in
column 5 6f Table 3. .Thé_cbrrected point;, shown in Fig. 3,_féll onto a line
which parallels the original of slope 1.0. 'This value of unityvfor the

>alcoholat10n number valldates the use of the ratlo [RoH] /[ROH to the first
power in Equation (7), and gives a value for K, in Equatlon (6), of 1.5 X 102.
An attempt was also made to determine the amount of water coextracted

with TBAN into the organic phase. Solutions of l-decanol (0.524 M) were

equilibrated with aqueous.solutions of TBAN up to a concentration of'0.0EBM,
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and the water content of the organic phases were determined at egquilibrium by
the method of Karl Fischer. The results are shown in Table 4, where in
coiumnsv2 and 3 are given the organic—phase concentrations:of TBAN uncomplexed
end‘complexed with the alcohol, respectively, and in column 4 are listed the
concentrations of water after correction for that distributing into the solveﬁt
alone. In column 5, are given, without parentheses, the excess water concen-
trations left after correcting 601umn‘h for the water uptake by the equilibrium
concentration of unéompieked l-decanqi.“ These water concentrations increase
with organic-phase salt concentratioh, a result which‘suggests that the hitrate
isﬁherated in the organic phaSe. Hoﬁever, we have igﬁored water that might
be-coeitracted with TEAN distributing into the diluent itself (column 2)
.Separate water data obtained for the latter are shown. in Table 5, indicating
somethlng more than ‘one’ water molecule extracted per uncomplexed nitrate.
The amount of thls water assoc1ated with the blank concentratlons of TBAN in
column 2 of Table k4 may then be 1nterpolated from the data in Table 5, and
are shown in parentheses in column 5 of Table h The result whlch emerges
from subtractlng these numbers from those not'ln parentheses and comparing
with the TBAN concentratlons in column 3 is that about one water molecule
seems to co-extract with each nitrate-alcohol complex. However, it should.be
noted that these final water COncentrations are‘not veryvaccurete as they'aret
: the result of e nﬁmber of subtraCtiéns,'and so within the experimental errors
involved theiextracted nitrate_complex could be anhydrons or have up to tw;
'Wetéi ieleeules-cofextracted. | |

The presesee_and exteﬁt,:br the absence, of hjdration of anions in
the organic.phase'iS'determined by a balance between opposing effects. On
the grounds thatia[water;moleeule-is mbre‘acidic than a molecule of l-decanol,

and further, that water may well be able to approach an anion to within a
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shorter distance than can an alcohol molecule, it might be suppbsed that an
vanion would be hydrated in the organic phase. However, in the aqueous phase
water can be accomodated in a highly organized hydrogen-bonded structure, and
it tends to be coextracted into the ofganic-phase only when strong anion-watér
interactions obtain in £hat phase. With small ions, where hydration in the
aqueous phase is very considerable and partition inﬁé-théjorganic phase is
sfrongly hindered, the ions that do extract reqﬁire extensive. solvation. :For
example, the extraction of the fluoride ion(3) by l-decanol in tolene requires
four molecules of l-decanol and, additionally, just over two molecules of
water per anion. Waﬁef is displaced from the fluoride ion solvation sheath

- only when thé acidity of the extractant, and hence its solvating abilify, is
raised greatly abéve that of the alcohols, as was found in experiments using
phenols as extractants. “The nitrate ion, because of its.size and structure,
does not requife extensive solvation. Variqus evidence(9,10), particularly
relaxation studies(ll), suggest that the nitrate ibn is a pronounced

" structure-breaker in water and is not highly hydrated. "Thus, the niﬁratebion
Cén extfact réasonably wéll, even without the extractant, and does ﬁot se;m
t§ coordinate strongly with alcohol in the orgaﬁic phase. .Only‘a i:l cdmplex
_‘wifh 1-decanol has been 6bservéd in the present study, in.contrast fo the 3:1
alcohol.éomplex found with hydroxide ion(2) and the k:1 complex observed with
fluoride(3). But because of the uncerfainty as to whether or not a water

: moleculelis élsovcarried along, and if_sp, whether it is bridging between the
alcohol and the anion, we cannot conclude if the extracted.nitrate is monoden-

tate, or bidentate as is the usual case when coordinated to a metal cation.
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Extraction of TBAN into 0.209 M l-decanbl in 1,2-dichloroethane.

Equil. Concn.

Equil. alcohol

Corr. equil.

Equil. conecn. Activity " conen. -
%BAN(aq) TBAN(aq ) TBAN(org) conen. TBAN(Grg)
8.57 x 1072 14.80 x 107  8.00-x 107 9.5 x 107 T 1h7Tx 107t
7.16 X 1072 3.40 % 1072 7.oh'x 1072 | 1.05 X 107t 1.18 x 10'}
.98 x 1072 1.65 x 107 3%.83 x 1077 1.37 x 107% k.91 x 1072
3.%2 % 1072 7.6 x 1074 1.56 x 1072 1.60 x 1071 1.71 x 1072
2.31 X 1072 3.8 x 1o’u 1.05 x 1072 1.65 X 1071 1.12 % 1072
1.25 X 1072 1.26 % :Lo'l*L 3.9 % 1070 1.72 % 107t 3.9 X 10'3
1.02 x 1072 7.7 x 1077 272--x 1072 1.73 x 107+ 2.2 x 107
6.5 x 107 3.2 x 107 1.6 x 107 1.7% % 107% i.6_ x 107
9 x 107 T % 107 3.0 X 107t 1.75 X 107t ;O~u

3.0 X
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Table 2. Extraction of TBAN into 0.524 M l-decanol in 1,2-dichloreethane.

A S . Corr. equil.
Equil. conecn. ©Activity Equil. Conen. FEquil. alcohol concn.

TBAN (aq) BBAN(aq) “TBAN(org) conen. TBAN (org)

7.60 % 1of2' 4,00 x 107 1.79 x 107% 2.67 x 107+ 2.99 x 107%
6.48 x 1072 2.85x 107 . 1.33 x 10T 3.13 x 107+ 1.89 x 107+
. u{#; x 107° 1.35 x 107 8.26 x 1072 - 3.63 X 107t 1.01 x 1071
3.61 x 107 9:2 X 0 6.79 x 107° 5.78 x 107+ 8.02 x ;0'2
‘2306 x 1072 5,15 x J._O'LL 2.65 x 1072 »4.19 x 107t 2.82 X 1072
1.19 x 107 ©1.05 X 107 7.3 x 107 . k.39 x 107 7.4 x 107
9.7 X 1072 7.0 X 1077 5.1 x_1o'5 b.b1 x 107t 5.1 X 1077
6:3 vx»lC—B . 3.0x107 2.6 x107 kA3 x 10T 2.6 x 107

‘ i

2.6 X 10’_5 5.1 x 107 9.5 . X 107 bk x 107 9.5 x 10




-14- . UCRL-17997

Table 3. Extraction of 0.0140 M TBAN into l?decanol in 1,2-dichloroethane.

Initial Equil;concn. 'Eqﬁil;.concn. Corr. equil. .Corr. alcohol
alcohol “TBAN(aq) TBAN(org) concn. conen.
© concn. TBAN(org)
5.24 x 107t 1.19 x 1072 7.3 % 107 8.5 x 1070 | 4.39 x 107F
4.19 x 107t : 1;21 x 1072 6.0 x 1070 6.8 . % 1072 345 x 107t
3,14 x 107t 1.23 x 1072 L.5 X 1072 L.9 X 1072 2.57 X 107t
2.62 x 107 1.0k x 102 4o x 107 b3 x 1072 2.1%5 x 1071
2.09 x 107t 1.25 ><_1o'2 3.9 X 1072 b1 x 1070 1.72 X 107t
1.57 x 107+ 1.27x 102 2.7 x102 2.7 x107  1.30 x 107

1.05 x 10’_l 1.28 x 10° 1.8 x 107 1.8 x 10  0.86 x 10




-15-

UCRt-17997

Table 47 Coextraction of water into 0.524 M l-decanol in 1,2-dichloroethane.

Equil. concn. Concn. Equil. concn. Concn. Water Conen.
. TBAN{aq) uncomplexed complexed : Excess Water
5 TBAN(org) TBAN (org)
-1
o 0 0 0.9% x 10 0

8.0 x 107 1.6 x 107 0.45 x 1072 1.00 x 107% 0.7 (0.2) x 1072

1.35 X 102 4.7 x 107 1.03 x 1072 1.06 x 1077 1.k (0.57) x 1072
2,15 X 1072 1.17 x 1072 2.35 x 1072 1.30 x 1071 4.1 (1.50) x 1072

Table 5. Coextraction of water into l,2-dichlor0ethane»(no decanol).

Equil. conen.

- Concn.

. Conen.
v;vTBAN(aq) TBAN(org) Excess water
o 0 0 ,
9.0 x 107 0.2 x 1072 0.25 x 1072
e . 1.6'x 1072 2.0 %1072

2.50 x 10~
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.- -  FIGURE CAPTIONS
. Flg 1. Variatior;’vof organic-phase water content (1,2-dichloroethane diluent)
- with concentration of l-decanol: e initial concentration of 1-decanol; 'o,

equilibri}ﬁn concentration.
Flg 2. Dependence of nitrate exbracf:‘Lic;nv on agueous activit}y of TBAN at a

fixed coricentration of l—decahél .‘, 0.524 M and e, 0.209 M ljdecanol;

J, o, data corrected to constant equilibrium concentrations of l-decanol.
Fig. 3. Dependence o.f nitrat.e. extraction on concentration of l-decanol at a

constant equilibrium aqueous TBAN activity of 1.34 X :Lo'4 (0.0129 M); o,

equilibrium concentration of 1-decanol.
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A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.
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mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






