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DEPENDENCE OF THE EXTRACTION CAPACITY
OF AMINES ON THEIR IONIZATION POTENTIALS
V. M. Makarov

The extraction of metal salts and acids by the salts of high-~
molecular amines can be considered as one which occurs both by means
of the lon-exchange mechanism and a combination mechanism [1-11].
Independently of the extraction mechanism, the removal of metal
salts 1s due to the formation of a complex compound: [AminezH]n
MAm+n], which, almost totally, changes into an organic phase
{12-15]. 1In the organic phase this complex is solvated by the
molecules of a solvent (Solv.), amine salt (Amine HA) and, under
certain condltions, it 1s necessary to take into account the forma-
tion of dimers and other polyparticles. Consequently, in a general
form, the composition of a complex fm an organic phase can be pre-
sented by the formula

{p(Amine HA)-s(Solv.).[(Amine H) «(ma_, )7§

When investigating the effect of the composition and the amine
structure on the extraction capabllity of its salts, it 1s assumed
that the polymerization and solvation of the complex in an organic
phase do not vary. In order to obtaln quantitative regularities,
Rozen and Nagnibeda used the effective extraction constants K as
a characteristic of the extraction capacity, which were calculated
from the supposition that the composition of the plutonium (IV)
and uranyl complexes 1n an organic phase corresponds to the for-
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[Amine H]2Pu(NO3)6 and [Amine H]UO2(N03)3
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and does not vary with a change in the amine composition. Taft
constants o and the electronegativity of the substituent group were
used as a characteristic of the extractant structure [16]. Earlier,
these structure characteristics were used £® correlate the basicity
of amines [17—19]. The authors obtained a satisfactory correlation
between the extracting capacity of the amine salts and their struc-
ture during the extraction of the nitrous acid and uranyl and
plutonium (IV) nitrates. The low accuracy, especially in the case
of amines which have long-chain radicals, is due to the effect of
the steric and entropic factors, as explained by the authors.

If the logarithms of the effective extraction constants are
functions which yield to an analytical expression in a form of the
Hammett equation, then they must obey the rule of polylinearity
[20]. Fig. 1 shows the dependence of the logarithm of the effective
extraction constant of the plutonium nitrate (IV) on the logarithm
of the effective extraction constant of the uranyl nitrate into
solutions of amines in CClu according to the data of [16]. As seen
from Fig. 1, there 1s a significant deviation of the experimental
data from the linear dependence. The absence of any sort of
regularity in the nature of deviations of the experimental points

EL SRS

from a linear dependence makes 1t possible to assume that they are
caused, apparently, either by the presence of impurities in the
amines or by the insufficient accuracy of the experimental data.
It is possible that this explains the relatively low accuracy in
the correlation of the logarithm of the effective extraction con-
stant with the Taft constants and the electronegativity of the
substituent group [16].

The extractablility of the amines 1s due to the fact that the
nitrogen atom has an unshared palr of electrons which forms a co- 8

I i i B R O el

ordination bond with the electro~acceptor atoms and ions [21-25].
In the extracting compounds the bond is formed as a result of an
electron moving from the higher filled molecular orbit of a donor

to a vacant molecular orbit of an acceptor; in this case, a com-

plex i1s formed with a transfer of charge [26, 27]. The ground
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state 1-1 complex, D+A=D-A=D+A_, is described by the wave function
gx==au(D - N) Dby (DAT), (1)

where ¢y, - wave function corresponding to the van der Waals bond,
Y, - wave function of lonic state, corresponding to a complete
transfer of an electron from D to A. The square of the coefficient

(2)

is a measure of the transfer charge. Here, ¢ - constant, S -
integral of overlapping between the donor and acceptor orbitals

and it reflects the degree of superposition of both structures,

ID ~ donor ionizatlion potential, and EA - affinity of an acceptor
to an electron. Since EA<ID, as a rule, complete ionization does
not occur. From an analysis of the equation (2) we can see that
the smaller the ionization potential of amine the higher the polar-
ity of the bond and the greater is its strength.

A similar analysis carried out by Pechalin and Panchenkov [28]
on the role of the donor-acceptor interaction in the processes of
isotope separation by chemical exchange resulted in a satisfactory
correlation between a single isotope separation coefficient and
the ionization potential:

a=m--n-ly (3)
where m and n are constants.

Unfortunately, the data on the ionization potentials of amines
are limited and pertalin to low-molecular amines which are not used
as extractants. Lenard-Jones and Hall [29] have proposed an oper-
ational method for calculating the ionization potentials o e

saturated hydrocarbons employing the concept of an eaquivalent or-
bital. Later this method was extended for calculating the ioniza-
tion potentials of radieals [30] and other molecules [31].

According to the Lenard-Jones and Hall method, the vertical
ionization potential of methane and its analogs is determined by
diagonalization of the matrix of an equivalent orbital which has
the form

vh it
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The final formula for the calculation of the ionization potential
has the form
I= — (a — 3b). (L)

If we know the ionization potentials of several.terms in a serles,
it is possible to determine the values of the a and b parameters
in the equation (4) and calculate the ionization potential of the
other terms of the same series.

From the form of the equation (4) it is evident that the values
of the ionization potentials must obey the rule of polylinearity
and, consequently, it is possible to assume that a linear dependence
should be observed between the values of the ionization potentials
of the radicals and the saturated hydrocarbons. Fig. 2 shows the
dependence of the ionization potential of the saturated hydrocarbon
on the sum of the ionization potentials of the radiacals which can
compose a molecule. In thils case, each saturated hydrocarbon
molecule was assumed to consist of the —CH2— group with the ap-
propriate radicals attached to each end. The values for the ioniza-
tion potential were taken from [32]. The ionization potentials
of the long-chain saturated radicals were calculated using the
Hall equation [33]

m

I'“. == 8060 — 0,103 cos (—r:- : l) ; ( L—) )

where Irad. - radi.ca’ ionization potential in eV, m - number of
the C—C bonds in the radical. The calculated values of the ioniza-
tion potentials are given in Table 1.

As can be seen from the data presented in Fig. 2, a satis-
factory correlation is obtained and the ionization potential of
the saturated hydrocarbon can be determined using a stralght-line
equation: I=6.01+0.25221rad_. The result that was obtained made
it possibple to assume that, apparently, one should be able to ob-
serve a linear dependence of the ilonization potential of amine on

the sum of the lonization potentials of the radicals which are 1its
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constituents. The literature values of the ionization potentials

of amines are presented in Table 2 [32]. .
Figure 3 shows a dependence of the ionization potential of

amine on the sum of the ionization potentials of the radicals

which are its constituents. The observed linear dependence of the

ionization potential of amine on the sum of the ionization poten-

tials of radicals is expressed by the straight-line ecuation

Loy == 3204 017381, . (6)

where I - ionization potential of amine and I ~ ionization

potentiZT of a radical. In this case, unicue co?igiation is ob-
served for the primary, secondary, and tertiary amines. | 1A

Table 3 shows the values of the effective constants of extrac-
tion of the nitrous acld and uranyl and plutonium (IV) nitrates
according to the data of [16] and the ionization potentials of
amines, calculated using equation (6).

Since the difference in the values of the ionization potentials
of the radicals with a normal strnucture and isostructure decreases
with an increase in the number of the carbon atoms, the n.—C8H17

ionization potential was accepted for the iso—CSH radical. For

extractant having a cycle (position 6), the ioniziZion potential [
was calculated from a comparison of the ionization potentials of
cyclic amines and cyclic radicals [32] and it should comprise

7.6-7.7 eV. Logarithms of the effective extraction constants are i
compared with the ionization potentials on Fig. 4. We observed a ' i

linear dependence in an analytical form which is expressed by bhe

b o A

equation
IgK - A~B. 1, (7) ;

and with the consideratien of the dependence of the ionization
potential of amine on the sum of the 1lonization potentials of the
radicals by the equation

K A B, (8)
Constants of equations (7) and (8) have the following values: i
A B At B :

Uranium (VI) 2.7 2.85 13,58 0,493
Plutonium (IV) 39.87 4,48 25.53 0.775 ,
: HNO , 9.26 1.28 5.17 0.222 |
& 5 {
- |

Ak



The rather low accuracy of correlation is explained, apparently,
not only by the effect of the entropic and steric factors but also
by a low purity of the amines used in the experiment.

The determined linear dependence of the logarithm of the ef-
fective constant of extraction by the amine salts on the value of
the 1lonization potential of the amine is an empirical rule, since
it does not take into account the effect of solvation of the amine
and its salt, steric factors, variations in the ionization potentials
of amines during the formation of salts and complexes, affinity of
amine to electron which should acquire a particularly larege sig-
nificance in the case of amines, which have substituents with high
affinity to an electron and a low ionization potential, of the phenyl
type, and other reasons.

From the nature of the dependence of the logarithm of an ef-
fective extraction constant on the ionization potential (Fig. 4)
it 1s evident that the difference in the extraction capacity of
the amine salt increases with a decrease in the ionization poten-
tial of the amine relative to the uranyl and plutonium. In this
case the logarithm of an effective separation coefficient determined
by the ratio of the effective extraction constants has a linear
dependence on the lonization potential of the amine:

18 ey, = g K iy = 1717 — 108 . 1, . (9)

Equation (9) does not take into account the effect of steric fac-
tors on the nature of variation in the effective separation coef-
ficient during a change in the composition and structure of the
amines which, apparently, can have a higher value, under certain
conditions, than the energy factors [34].

CONCLUSIONS

1. It was shown that the ionization potentials of primary,
secondary, and tertiary amines have a linear dependence on the sum
of the ionization potentials of the substituents.

2. It was established that the logarithm of an effective ex-
traction constant is a linear function of the amine's ionization

potential and the logarithm of the effective coefficient of separa-

o L.




tion of the plutonium (IV) and uranyl nitrates during their extrac-
tion by the amine salts increases with a decrease in the ionization

potential of the amine.
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Fig. 1. Dependence of the loga-
rithms of the effective constants
of extraction of the plutonium
(IV) and uranyl nitrates [16].
Numbers of points correspond to
the numbers of amines in Table 3.
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Fig. 2. Dependence of the ioniza-
tlon potentials of saturated
hydrocarbons on the sum of the
ionization potentials of radicals.
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Fig. 3. Dependence of the ionization
potentlials of amines on the sum of the
ionization potentials of radicals.

1 - NH3, 2 - CH3NH2, 3 - C2H5NH2, y -

CBH7NH2, 5 = CuH9NH2, 6 - (CH3)2NH,

7 - (C2H5)2, NH, 8 - (CH3)3N, 9 - (C2H5)3N.
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TABLE 1 TABLE 2
Values of the ionization poten- Values of the lonization poten-
tials of the long-chain satura- tials of amines
ted radicals e RIS
Wa—i—.—;_ i ’A’M"l‘l“ ; 1 ‘:.'.. V)
]"IIIIMJP ] (Il e \') R ———
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Gl ||i” g.s:m (’H’NH 9.19
lit 5 \ o
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TABLE 3 p {
} Values of the efiffective extraction constants of uranyl, L
| plutonium (IV), and nitrous acid; sums of the ionization ’ ‘
* potentlals of radicals and lonization potentials of amines l
| £ rac fan ¥ g : i
Sl g FuNo, Fuovn T patV) &'gsl Iou. l'.'": |
3 v
L /Y 1
(CoH )N 0.156 10.32 5.7-10% 25.674 7.64 i
(Call13),N 0.263 1.7 7.3-108 25.641 7.84 l
(CyHag)sN - 0.318 14.30 5.3-108 25.504 7.63 -
(CigMog)uN 0.425 6.63 0.46-10% 25.572 7.62
(130-C,11,),N - 7.00 2.1-108 25.641 7.64
( u (i) 1N(‘.oll,, = 4.50 4.22-108 — 7.6—1.7
((, ,(1;1& 0.028 24210 | 491.6 30.689 8.54
" 0.027 3.10-10- 53.6 30.689 8.5
..ll.l iy ( II 0.010 1.54-10-¢ 0.407 31.185 8.1
{ CHCH NH(.,,flu - 2.55.107 | 829 29.849 8.3
w1 N1 — 3.10.10- 1.0 35.737 9.39
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Fig. 4. Dependence of the effective extraction
constants on the ionization potentials of amines.
The numbersof points correspond tc the numbers of
the amines in Table 3.
A - nitrate PuIV, B - uranyl nitrate, C - nitrous

acid.
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