
/ *0 A075 190 FOREZSN TEC*OLOSY DIV WftISMT—PA~ ,cwSON *98 OH fl~ 7~3
D€PZNOtNCE OF THE EXTRACTION CAPACITY OF AMINES ON TM! IR IONIZA—ETCCU)

UNCLA Y1!Ij1Ujfl 

__  __ 

H_____________ 
EP4D

I

I

A l



10 ~~~
______ ‘~ L 11112.2

I~ Il~2.O1 . 1 ~ 1.8

ff11’ ~ liii ~ IIIN~
MICROCOPY RESOLUTION TEST CI-IART

NATIONAL BURLAU OF STA NDA RDS - 1963 -A



DATA I’KOCESS INC SHEET

I ’I I ( EF OGRAP U THIS SHEET

INVENTOR

—
0 ______________________

_ _ _ _ _ _ _ _ _

DOCUMENT DENTIFICATION

EDISTRIBUTION STATEMENT A
Appiovod fo~ pubtic ~e1ease;

Di~tithution Unlimited

DI STRIBUT IOtJ STATEMENT

Accession For
NTIS GRL&I
IJDC~ TAB
ljnamiounced
3u~it 1 f i cat i un__~

‘ D D C ~
~~~~~~~ ~OCT 19 1979

k~,at L at id/or I flDi~t.. ~j iu~~ a1

DI STK I BIJTION STAMP DAlI ACCESSIONED

5~~~doc~
w
~M±

DATE RECEIVED IN DOC

PHOTOGRAPH THIS SHEET

AND RETURN TO DOC-DDA-2

_________ 4
. .

~ 

. : . 

- I



FTD— I D(RS)T .-0509— 79

~~ FOREIGN TECHNO LOGY DIVISION

DEPENDENCE OF THE EXTRACTION CAPACITY OF AMINES
ON THEIR IONIZATION POTENTIALS

by

V. M. Makarov

Approved for public  release;
distr ibution unl imited.

08 088 /— 
_ _

_ _  - - 
9
- 

~~~~ r- —

~~~~ 

_ _



FTD —ID (Rs )T—o5o9—79

EDITED TRANSLAT ION
FTD—ID(RS)T—0509—79 9 Apr11 1979

MICROFICHE NR: ~$JJ .. 7~~~c’&O5$O
DEPENDENCE OF THE EXTRACTION CAPACITY OF AMINES
ON THEIR IONIZATION POTENTIALS 3

By: V. M. Makarov

English pages: 10

Source : Radiokhimiya , Vol. 12, Nr. Lj , 1970,
pp. 58~4—590

Country of origin : USSR
Translated by: Victor Mesenzeff
Requester: PHE
Approved for public release; distribution
unlimited.

t

________________________________________________________________________ _______________________________________________

THIS TRANSL. A TION IS A RENDITION OF THE 01101.
HA L FORE1GN TEXT WITHOUT ANY ANALY TICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCATIDOR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLAT ION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP .AF B . OHIO.

FTD_ID(R5)T_p5p~_79 Date ~ Apr 19 79

• — 
— i~~~.

-
~

-
~
- -  

— - --‘~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ —~~~~——~~ .-.———— ———.-—..~~~~

• 
~~~~~~ —~~~ ~

_ _  

___________________ /
~~~~~~~ -_ — ~~~~~~~~~~~~~~~~~~~~~ ..j_ -



U . S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A , a P p p p R, r

b ü 5 4 B, b C c C c S, s
H e  B e  V , v T M  T, t
r r  r a  G , g  Y y  Y y

fl ö D , d F , f
E e E . Ye , ye; E, e* X x X x Kh , kh
h~ 1+1 Zh , zh U Q Ts, ts
3~~ 3 ,  Z, z LI I.i Ch , ch

J f u  1, 1 W w  111 ~ Sh . sh

R a Y , y ill iq Shch , shch
K K x K , k b ~ 

U

f li  L, l W e t  Y , y
M i  M , m b b  b e
H it N , n 3~~ 3 , E , e

o o 0 o 0, o kJ ~o Yu , yu
P, p  R e  Ya , y a

*~~~ initially , after vowels , and af ter  b , 
~; 

e elsewhere .
When written as ~ In Russ ian , transliterate as y~ or ë.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh~~
cos cos ch cosh arc ch cosh 1
tg tan th tanh arc th tann_1
ctg cot cth coth arc cth coth_1
sec see sch sech arc sch sech 1
cosec csc csch csch arc csch csch

Russian English

rot curl
lg log

-

~ 

* . ~~~. -— -, - 

I

C - p — ~~! , — —- —

- ___ - 

a 
~~~~~~~~~~~~

I
~~~~r 4

_ -



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 ion—exchange mechanism and a combination mechanism [1—li].

Independently of the extraction mechanism , the removal of metal

salts is due to the formation of a comp lex compound: [Amine

MAm+n]~ which , almost totally , changes Into an organic phase
[12—15]. In the organic phase this complex is solvated by the
molecules of a solvent (Solv.), amine salt (Amine HA) and , under
certain conditions , it Is necessary to take into account the forma— $ *

t~ on of’ dimers and other polyparticles. Consequently , In a general
form , the composition of’ a comp lex ~~i an organic phase can be pre—

sented by the formula

~p(Amine HA) s(Solv.).[(Amlne H)
n
•(NA m+n )]

~

— When investigating the effect of the composition and the amine

structure on the extraction capability of’ its salts , it is assumed
that the polymerization and solvatlon of the complex In an organic

phase do not vary . In order to obtain auantitative regularities ,

Rozen and Nagnibeda used the effective extraction constants R as
a characteristic of the extraction capacity , wM ch were calculated

from the supposition that the composition of’ the plutonium (IV)
and uranyl complexes in an organic phase corresponds to the for—
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[Am ine H] 2Pu(N0
3
)6 and [Am ine H]U02(N03)3

and does not vary with a change In the amine compositIon. Taft

constants a and the electronegativity of the substituent group were

used as a characteristic of the extractant structure [16]. Earlier ,

these structure characteristics were used to correlate the basicity
of amlnes [17—19]. The authors obtained a satisfactory correlation

between the extracting car~acity 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 arnlnes 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]. RIg. 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 CCl~ according to the data of [16]. As seen

from Fig. 1, there is 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

from a linear dependence makes it possible to assume that they are

cause d, 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 electronegativlty of’ the
substituent group [16].

The extractability of the amines is due to the fact that the
nitrogen atom has an unshared pair of electrons which forms a co—

ordination bond with the electro—acceptor atoms and ions [21—25].

In the extract ing compounds the bond Is forme d 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 corn—

plex is formed with a transfer of charge [26, 27]. The ground

2

1,_ — 
—

. 
- — — .

~~~
. — - - --

~~
— - - -

~~~~~~~~
-.— 

4 
-9,

-

— .. - — - —-- -



state &--l complex , D+A=D.A=D
+A

_
, Is described by the wave function

— -t

.t ) b4~ 
( I)1 t ) ,  (1)

where 
~ 

— wave function corresponding to the van der Waals bond ,
— wave function of ionic state , corresponding to a comp lete

transfer of an electron from D to A. The square of the coefficient

(- S (2)
1)~~ A

is a measure of the transfer charge . Here, c — cons t ant, S —

integral of overlapping between the donor and acceptor orbitals

and it reflects the degree of superposition of both structures ,
— donor ionization potential , and EA 

— affinity of an acceptor

to an electron. Since EA<ID, as a ru le , 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 :

(3)

where m and n are constants .

Unfortunately, the data on the ionization potentials of amines
are limited and pertain to low—molecular amines which are not used

as extractants . Leriard—Jones and Hall [29] have proposed an oper-

ational method for calculating the Ionization potentials a te

saturated hydrocarbons employing the concept of an equivalent or-

bital. Later this method was extended f o r  calculating the ioz9dza—

tion potentials of radicals [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

_ _ _ _ _  ______________________________ _ _ _ _ _ _ _ _  
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A b b e
b a b b t

b b u b
b b b t ,

The final formula f o r  the calculation of the ionization potential
has the form

I~~ —- (a— 36).  (14)

If we know the ionization potentials of several terms in a series ,
it is possible to determine the values of the a and b parameters

in the equation ( 1 4 )  and calculate the ionization potential of the
other terms of the same series.

From the form of the equation ( 1 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 this case , each saturated hydrocarbon

molecule was assumed to consist of the —CH2-- group with the an—

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]

(5)

where ‘rad. 
— ra~~~.ca~. Ionization potential in eV, m — number of j

tI~e 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 straight—line

equation : 1 6.Ol+O.252Z1 . The result that was obtained maderad.
it possible to assume that , apparently , one should be able to ob—

serve a linear dependence of the Ionization potential of amine on

the sum of the ionization notentials of the radicals which are its
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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 notential 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 eauation

3.20+ U. I73).~
I,5~ (6 )

where ‘am. — Ionization potential of amine and ‘rad . — ionization

potential of a radical. In this case , unic’ue correlation is ob—

served for the primary , secondary , and tertiary amines.

Table 3 shows the values of the effective constants of extrac-

tion of the nitrous acid 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 s9tr~ucture and isostructure decreases

with an increase in the number of the carbon atoms , the n..-C 8H17
ionization potential was accepted for the iso—C 8H17 radical. For

extractant having a cycle (position 6) ,  the ionization 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

compared with the ionization potentials on Fig. 14 . We observed a

linear dependence in an analytical form which is expressed by the
• equation

I g K - - A — 8 . 1 1,. (7)

and with the consideration of the dependence of the Ionization

potential of amine on the sum of the ionization potentials of the

radicals by the equation
IgJt - .4 

~~~~~~~~~ (8)

Constants of equations (7) and (8) have the following values:
A B A’ B’

Uranium (VI) 22.7 2.8 5 13.58 0 . 149 3
Plutonium ( IV)  39.87 14. 148 25.53 0.775
HNO

3 9.26 1.28 5.17 0.222
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The rather low accuracy of correlation is explained , apparently ,

not only by the effect of’ the entropic and steri c factors but also

by a low puri ty 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 ionization 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 comp lexes , affinity of

amine to electron which should acquire a particularly large sig-

nificance in the case of amines , which have substituents with high

affinity to an electron and a low ionization potential , of the ohenyl

type , and other reasons .

From the nature of the dependence of the logarithm of an ef-

fective ext raction constant on the ionization potential (PIg. 14)

it is evident that the difference in the extraction caoacitv of

the amine salt increases with a decrease in the 4 onizatlon 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 ionization potential of the amine :

~~~~~~~ ~~~~~ ~~~~Ii . I 7 - ~~ l .I~~ . 
~~~

Equation (9 )  does not take into account the effect of steric fac—

tors on the nature o~’ 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 [3 14] .

CONCLUSIONS

1. It was shown that the ionization potentials of primary ,

secon dary , 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—

_  

6 1
— ___—•-——-— - ~¾ — - ** ___~

J r
a ~~~~ ~~~~~~~~~~~

- ‘9, 
~~~~~~~ ~

• -- - .

~~~ 

— -

- ~~T~-



tion of the plutonium (IV) and urany l 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— Fig. 2. Dependence of the ioniza—
rithms of the effective constants tion potentials of saturated
of extraction of the plutonium hydrocarbons on the sum of the
(IV) and urany l nitrates [16]. ionization rotentials of radi cals .
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TABLE 1 TABLE 2
Values of the ionization noten— Values of the ionization poten-
tials of the long—chain satura— tials of amines
ted radicals 

- 
- i—

~— -- - —
~~~~~ Anuu, I I (II .‘ V)

I’UJtIiIid J l ( (Is .‘ 5 )
- -~ --- - -- - —~-~~--~~—---‘~~- -~~~~ -~~- - I 10.34NI) ,(~,I I~ , ~~~~ 

10.1.,

• (:,I)~. , $~7,7: : - ~ ~ II- — 1 . _ I , .. • .3ii, ~~~‘“‘~‘ ( I I  Nir (I ‘
~(., l f ~; 8.547 ‘ - i i ’(‘ 5 3  . $ 7  $

C ~~ 
r’.., C FI,NH 9.19

Ft’ ~‘‘~z ((~H,~,Nh3’ (c,11,),NH 8.44
CUI~,N 8.32
(C,14,),N 7.85

TABLE 3
Values of the effective extractIon constants of uranyl,
p lutonium (IV) , and nitrous acid; sums of the ionization
potentials of radicals and ionization potentials of amines

£)h 1~~OC 1~QM )~aKCTpaI’ilfty 
~HNO 1 ‘U (VI ) ‘pu(1~’) (1 W) liii . ..%

• ((1111,),N 0.158 10.32 5.7. 10’ 25.674 7.64
(CN II I,)J N 0.263 11.71 73.14) ’ 25.641 7.84

• (C1,1131),N - 0.318 14.30 5.3.10’ 25.594 7.63(C1j l1 ;$),N 0.425 6.63 0.46. 10’ 25.572 7.62
(li ;K)(.N 1h 17):iN — 7.04) 2.1’ 10’ 25.641 7.64

— 4.50 4.22• ~4)5 — 7.6—7.7(CI,H 11),NH 0.023 2.42.10 ’ 411.6 30.689 8.51
• (iin,4’,JI ,,)1N11 0.027 3.l0.~0” 53.6 30.689 8,51

C,1l,Cll ,N 1ICIl , 0.010 1.54.10” 0.407 31.185 8.71C.Il,Ctl ,rftl ;IgH,, — 2.55.10 ’ 82.9 29.849 8.36iaitt-(,1117NH , — 3.10. 10 ’ 11.0 35.737 9.39
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‘I”.
Fig. ~~~ . Dependence of the ef fect ive  extraction
constants on the ionization potentials of arnlnes.
The numbers of points correspond to the numbers of
the amines In Table 3,

A — nitrate ~~~~~ B — uranyl nitrate , C — nit rous
acid.
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DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE

A205 DMATC 3. E053 AF/INAKA 1
A210 DMAAC 2 E017 AF/RDXTR-W 1
8344 DIA/RDS-3C • 9 E403 AFSC/INA 1
C043 USAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS 1 E408 AFWL 1
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LAB/F! 0
C513 PICATINNY ARSENAL 1 FTD
C535 AV IATION SYS COMD 3. CCN 1
C591 FSTC 5 ASD/FTD/NIIS 3
C619 MIA REDSTONE 1 NIA/PHS 1
D008 NISC 1 NIIS 2
11300 USAICE (USAREUR) -

P005 DOE 3.
P050 CIA/CRB/.A~D/SD 2
NAVORDSTA (50L) 1
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LLL/Code L-389 :1
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