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On the Aggregation of the Complex between Nitric Acid and

Trilaurylamine Dissolved in Octane and m-Xylene

ERIK HOGFELDT and FOLKE FREDLUND

Department of Inorganic Chemistry, Royal Institute of Technology, Stockholm 70, Sweden

The extraction of nitric acid by trilaurylamine (TLA) dissolved
in octane or m-xylene has been investigated by using two-phase emf-
titrations. The results can be described by the following reactions

nTLA(org) + nH*(aq) + nNO, (aq) = (TLA . HNO,),(org)
where 7 is large in alifatic diluents like octane but moderate in aromatic
diluents like xylene.

Preliminary values for the first two complexes in m-xylene and
the ionic medium 1.00 M (Na+,H+)NO;" in the aqueous phase are

as follows:
k11 = (1.62 £ 0.04) X 10* M2
kap = (3.20 £ 0.11) x 10 M-

At the Seventh International Conference on Coordination Chemistry (7 ICCC)
we communicated some preliminary results on the mechanism for the
extraction of nitric acid by trilaurylamine (tri-dodecylamine, TLA) dissolved in
octane or m-xylene.!’® These results have been useful in attempts to eva-
luate the mechanism for the extraction of technetium 2 as well as uranyl ni-
trate.® As they may be of some interest also to others a brief account is given
below together with some additional results for TLA in m-xylene. The experi-
mental technique used, two-phase emf-titrations, was described in 1952 by
Hogfeldt and Dyrssen,%% and has been discussed in detail in a recent paper by
Hogfeldt and Fredlund.®

Since we can assume the ionic dissociation to be negligible in the organic
phase, the reactions studied can be written as follows

q TLA(org) + p H'(aq) + p NO; (aq) = (TLA)(HNO,),(org) (1)

Application of the law of mass action to (1) gives, with the assumption of ideal
behavior in the organic phase:

[(TLA)q(HNoa)#]org = Kp.q : [TLA]orgq {H+}aqp : {Nos_}aqp (2)

where [ ] denotes concentration and { } activity. The ionic medium used was
1 M (Na*, H")NO, and the activity coefficients of H* and NO; in the
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aqueous phase can be assumed to be constant. For that reason the activity
product {H*} - {NO,} in the aqueous phase can be replaced by [H*] - [NO, ],
the product of the molarities of H* and NO,™ and eqn. (2) can be written

[(TLA),(HNO;)plorg = kp,g [TLAJorg" [H Jag? - [NOg Jog” (3)
where
kpg = Kpiyn+?yno,~? (4)

and yu+ and yyo,~ are the molar activity coefficients of H* and NO, in the
ionic medium used.

Reaction (1) may be treated formally as a special case of the general forma-
tion of complexes A,B, from the two reactants A and B. For the reaction

PA + ¢B = A,B, (5)
[APBi] = ﬂ#.q a? - b (6)

where f,, = equilibrium constant, a = [A], b = [B].
In the present case A = HNO, and B = TLA. As seen from a comparison of
(3) and (6), we may write, formally [H*]- [NO; ] = a; [TLA)yg = b.
Furthermore [A]tot =A = [HNOs]m-g, [B]tot = B = [TLA]tot.
If Z = average number of A per B = [HNOglorg/[TLA}ot, then BZ = 4—a,,
the amount of bound A. It is convenient to plot Z against 4 log a, in this
cage against —log [H*].[NO, ]. This is done in Fig. 1 for six concentrations
of TLA in m-xylene, ranging from 0.1 %, to 5 %, TLA.

In Fig.1 it is seen that the curves Z(—log [H*] [NO, ]) do not coincide which
indicates the possible formation of polynuclear species, ¢.e. species in which

z m=xylene
0F % TLA
e 5 .//‘o d'%%:
F o 25 SRR
.1 N :
0 s o5 s %{
. 025 i ./ 0 Fig. 1. Z plotted against —log([HT][NO,™])
04r o o4 Wi a for six concentrations of TLA in m-
(‘,o'_"/)gyfo’/ xylene. The curves are calculated assum-
02k e /9:/&’}" ing the formation of TLA . HNO, and
e s —log[H'HNO;] (TLA - HNOy), ;with the constants k;, =
0 hoapotse®® A L7 X 10* M"% and ks = 3.5 X 101 M,
6 5 4

q is greater than one. Analogous results were obtained for TLA in octane.
In order to evaluate the composition of the species formed, a general method
developed by Sillén 7 has been applied to the data. The derivation below follows
that in Ref. 7

The material balance for B gives
B = [B] + 24[A/B/] = b + 2qfyat’ (M
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The material balance for A gives

A = a,+ 2pPpqat-b ot BZ = A — a, = D.pfy, a?b° (8)
The functions S and R are now introduced

8 = 3By ar bt (9)

BR=0b48 (10)

where S is the sum of the concentrations of all complexes and BR is that
of all species containing B.
The average number of A-molecules per complex, p, is defined by

5= 2PAB] _ 2Byt _BZ
2.[A,B]] 2B b 8

where [A,B,] is the concentration of the complex A, B, and the summation
is made over all complexes A, B, present in the system. Analogously the average
number of B-molecules per complex, g, is defined by

24[AB;] _ 2qBpat b’ _ (B—b)
2[AB]  2Bpat b 8

Differentiation of (10) gives, after rearrangement and use of (7), (8), and (9),
the latter differentiated with respect to @ and b.

(11)

7= (12)

d(BR) = BdR + RdB = Bdlnb + BZdlna (13)
This gives:
d(Inb—R) = Rdn B—Z dlna (14)

(14) is a total differential and by use of the properties of partial derivatives
one gets from (14)

0R dlna
(a_Z)B= (61nB)z =—D (15)
From data Z(log a), cf. Fig. 1, D can be evaluated. Integration of (15) at con-
stant B gives with the proper integration constants

1—R = const + [ D dZ = Z(G—1)/p (16)

Integration of (14) gives (17) after the following operations: adding —In B to
both sides, including —In B on the right side into the integration constant,
inserting (16), and rearranging.

In (b/B) = const — [D dZ— Z dln a = In [1—(Zg/p)] (17)

The only assumption made is that the law of mass action is obeyed in its simple
form, i.e., as given in eqn. (3) above. In Fig. 2 p is plotted against g for octane
and in Fig. 3 for m-xylene. From these plots it is seen that the points cluster
along the line p = g indicating that the complexes formed are of the type
(TLA-HNO,),.

" In order to illustrate how » (= §) changes during a titration p is plotted
against —log([H*]- [NO47]) for ten concentrations of TLA in octane in Fig. 4
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Fig. 5. P plottedfagainst —log([H*][NO;™])
EEE . for nine concentrations of TLA
0 A ~loglH*Jino3] in m-xylene.

7 G 5 § 3 2

and for nine concentrations of TLA in m-xylene in Fig. 5. In Fig. 4 it is seen
that for amine concentrations > 5 9, the aggregation rapidly increases to
about 20—30. In Fig. 5, if we disregard values below [H*]. [NO; ] = 1075.8
where the experimental uncertainty is large and p and g are sensitive to the
choice of the integration constant in (17), it is seen that the aggregation is
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moderate up to 15 9, TLA. Above that concentration extensive aggregation
sets in as illustrated by the curve for 20 9%, TLA. From Fig. 5 it is seen that
up to 5 %, TLA in m-xylene p (and g) approach 2. In this range the data could
be fitted by a monomer-dimer equilibrium and for these two complexes the
following values were obtained by curve-fitting I

iy = 1.7 X 104 M2 (18a,b)
Jeop = 3.5 X 1010 M5

A computer refinement using the program LETAGROP worked out by
Sillén and Ingri® for obtaining a least-squares fit to the data gave the following
results (the deviations given are 4 o)

b = O ) X e (198,)
k22 = (3.20 4 0.11) X 10 M5

As indicated in Fig. 3 larger aggregates are formed and in the final refine-
ment this has to be taken into account. For that reason the constants given
in (18) and (19) must be used with caution, they can only be regarded to give
a first approximation to the behavior in the solutions under consideration.

The two systems considered above as well as the systems:

TLA-o0-xylene-HNO4-H,0, TLA-dodecane-HNO,;-H,0O and TLA-o-xylene-
HCI-H,O will be discussed in detail in publications to appear elsewhere.8, 911
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