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The c o m p l e x i n g  s e l e c t i v i t y  of o r g a n o p h o s p h o r u s  compounds ,  and m o r e  e s p e c i a l l y ,  of p h o s p h o r y l a t e d  
e t h y l e n e d i a m i n e  d e r i v a t i v e s  con ta in ing  (HO)2P (O), HOP (H) (O), HOP (R)(O) g r o u p s ,  is  d e t e r m i n e d  by  the  ac id  
g roup  and c a r b o n - n i t r o g e n  c h a i n  s t r u c t u r e s  [1-3] .  

It s e e m e d  of i n t e r e s t  to s tudy  the  e x t r a c t i o n  p r o p e r t i e s  of t h o s e  e s t e r s  of the  e t h y l e n e d i a m i n o d i a l k y l  
phosphon ic  a c i d s  (EDDPA) which  a r e  a n a l o g o u s  to the  o r g a n o p h o s p h o r u s  c o m p l e x e s  but  c on t a in  c o m p l e t e l y  
b l o c k e d  (RO)2P(O) g r o u p s .  C o m p o u n d s  of  the  (RO)2P(O)CR ' R" NHCH2CH2NHCR' R" P(O)(OR)2 t ype  have  fou r  p o t e n -  
t i a l  c o o r d i n a t i o n  c e n t e r s  p e r  m o l e c u l e ,  n a m e l y ,  the  O a t o m s  of the  P = O p h o s p h o r y l  g r o u p s  and the N a t o m s .  

E s t e r s  of the  EDDPA (Table  1) w e r e  p r e p a r e d  by  the  me thod  of [4. 5], c onde ns ing  e t h y l e n e d i a m i n e  with 
v a r i o u s  c a r b o n y l  compounds  and d i a l k y l p h o p h i t e s  

H 

/ + 2R'CR" -]- H~NCH~CHoNH~ --H20" 2(RO)~P % II " " 

0 O 
R' R" R' R" 
\ /  \ /  

----* (RO)zPCNHCH2CH2NHCP(OR)2 (1)--(V) 
11 N 
0 0 

R = C4Ha, R' = R" = CHa (I); R = CsHn, R' = R" = CH3 (lI); R = C8H17, 
R' ---- R" = CH a (III); R ~ C~Hg, R" = CHa, R" = C6Hla  ( I u  I~ = CsHlT ,  R"  ~ I-I, 

R" = C6H~ (V) 

The  p r o d u c t s  ob ta ined  w e r e  p u r i f i e d  by c h r o m a t o g r a p h i n g  t h e i r  b e n z e n e  s o l u t i o n s  on AI203. The  c o m -  
pounds  t h e m s e l v e s  w e r e  t r a n s p a r e n t ,  a l m o s t  c o l o r l e s s  l i qu ids ,  which  could  not be  d i s t i l l e d  even  unde r  high 
vacuum;  t hey  w e r e  i n s o l u b l e  in w a t e r .  5~ a m m o n i u m  c a r b o n a t e ,  and so lu t i ons  of a c i d s  and b a s e s ,  but  d i s s o l v e d  

r e a d i l y  in o r g a n i c  s o l v e n t s .  

E X P E R I M E N T A L  

Preparation of Compounds ([)-(IV). A quantity 0.5 mole of dialkylphosphite [6-8] and 0.5 mole ketone 
were added simultaneously and from separate funnels to 0.25 mole of ethylenediamine at 60~ The resulting 
mixture was allowed to stand for 15 rain, cooled, and extracted with 500 ml benzene. This solution was washed, 
first with 40 ml saturated K2CO 3 solution, and then with 40 ml water, and dried over Na2SO ~. The benzene was 
then evaporated off in vacuum, the residue taken up in five times its volume of abs. benzene, and the resulting 

solution chromatographed. 

Octyl Ester of Ethylenediaminobenzylphosphonic Acid (V). A quantity 4.0 g, (0.017 mole) of N,N'-ethylene- 
bis (benzylimine) was prepared by reacting 1.4 g ethylenediamine with 5 g benzaldehyde [9]; this was dissolved 
in 25 ml benzene and II.I g (0.034 mole) dioctylphosphite added dropwise to the agitated solution at 60~ [7]. 
The solution was held at 60~ for 30 rain, cooled, washed with i0 ml of saturated K2CO 3 solution and 10 ml 
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water,  and then dried over  Na2SO 4. The benzene was evaporated off in vacuum. Yield of (V), 12.4 g (82%). The 
compound crys ta l l ized on standing. 

Study of the Extract ion Proper t i es  of Compounds (I)- (V). Solutions containing the extractants  at concen- 
t ra t ions  in the 5 �9 10 -1 to t �9 10 -4 M range {Table 2) were prepared  by prec is ion  weighing. The Au([II) concen- 
t ra t ion  was varied over the 10 -4-10 -6 M range, determinat ion being based on radiochemical  assay of the 198Au 
isotope introduced into the solution as HAuC14. The radiochemical  puri ty of the isotope was checked through the 
7 spect rum.  Pre l iminary  experiments  showed that aqueous and organic phases could be brought into ex t rac-  
tional equil ibrium by 15-rain agitation on a mechanical  v ibra tor  at 20 ~-I~ After  layer  separat ion (5 rain), 0.5- 
ml aliquots were taken from each phase for specific activity determinat ions.  The radioactivi ty C/ radiation) 
was measured  with an LAS system, using a scintil lation counter and a NaI monocrys ta l .  The Au(III) distribution 
coefficient was determined f rom the rat io of the specific activit ies of the organic and aqueous phases,  c o r r e c -  
t ion being made for background noise. 

Exper iments  on the extract ion of r a r e - e a r t h  compounds were car r ied  out with solutions containing Nd ([II), 
Ce(III) and Ce(IV) salts at 1.5 �9 10 -4 M concentrat ion,  working with 1 �9 10 -2  M solutions of the extractant  in chloro-  
form.  The pH values of the Nd(III) and Ce(III) solutions were adjusted with the aid of ammonium acetate buffers; 
those of the Ce(W) solutions, with 0.1 N H2SO 4 and 0.1 N NaOH. The ionic strength of each solution was held 
at p=O.1 by addition of 0.1 M NaC104 to the Nd(III) and Ce{III) solutions and 0.1 M (NH4)2SO 4 to the Ce(IV) solu- 
tion. The concentrat ions of the r a r e - e a r t h  ions were determined spectrophotometr ical ly ,  using arseuazo  III 
[10]. Equil ibrium was established under the same conditions as for the work on Au {II[). 

D I S C U S S I O N  O F  R E S U L T S  
r 

It is seen f rom Fig. 1 that the distr ibution coefficient for Au(III) extract ion by 0.1 M solutions of (I)-(V) 
in ch loroform increased with increasing HCI concentration, passed through a maximum at 2-4 M HC1, and then 
diminished, the situation here  being s imi lar  to that met in the extract ion of Au(III) by butyl phosphate [11]. The 
curve forms indicated that the extract ion mechanism was the same for  each of the compounds under study here. 
The difference in the positioning of the curves  with respec t  to the axis of ordinates suggested that the ex t rac-  
tional capacity was fixed by the nature of the substituents,  in the es te r  grouping and at the C atom joining the 
N and the P atoms tn the molecule.  

In the (I)-(II[) ser ies  (R' =R" =CH3), it was observed that the extracting capacity fell off somewhat with 
increasing size of the e s t e r  radical :  (I) (C4H 9) > (II) (CsHll) > (III)(CsH17), c lear ly  because of s ter ic  hindrances 
ar is ing,  in the last  two instances,  f rom the close proximity  of the es te r  radical  and the branched isopropyl 
group [12]. 

LgD 
�9 f ~,' J 

• ~Z 

, , , , , , ..-' 

Fig. 1 Fig. 2 

Fig. 1. Variat ion of the logari thm of the distribution co-  
efficient for Au(III) extract ion f rom HC1 solution by com-  
pounds (I-(V) with the aqueous phase composition. [HAucl]4= 
1-10 -4, [(I)-(V)] =1" 10 -1 M; solvent, chloroform; Vorg = 
Vaq = 2.0 ml. 

Fig. 2. Btlogari thmic plot of the distr ibution coefficient 
for  Au(III) extract ion f rom 2 M HC1 by compound ([) in 
CHC13 against the extractant  concentrat ion in the organic 
phase.  [HAuC14], M: 1) 1- 10-4; 2) 1- 10-5; 3) 1" 10 -6 . 
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Fig. 3. Variat ion of the reext rac t ion  of Au(IlI) f rom CHC13 solutions 
of compound (I) with the concentrat ion of the reextract ing agent in the 
aqueous phase:  1) HC1, 2) HNO3; 3) H2SO4; 4) NaOH; 5) NH4OH. [I] = 
1 " 10 -2, [HAuC14] = 1 �9 10 TM M. 

Fig. 4. Variat ion of the r a r e - e a r t h  ion extract ion by (III) solutions 
with the pH of the aqueous phase; solvent, CHC13. Curve 1) [ITI] = 
! "10-2M;  2) [ H I ] = I ' 1 0 - 3 N .  A. Nd(HI) ,m:  a) 1.5"10-4; b) 3.8"10 -s. 
B. Ce( I I l ) .m:  a ) 1 . 5 " 1 0 - 4 ; b ) 3 . 8 " 1 0  -5 . B. C e ( I ~ ) , V :  a ) 1 . 3 " t 0 - 4 ;  
b) 4 .4 .10  -5 . 

On the other hand. the extracting capacity of (IV) (R' =CH 3, R" =C6H13) was considerably higher than that 
of (I) (R' = R '  =CH3), and the extracting capacity of (V) was higher still. 

Compar ison of our resul ts  with those reported in [13] made it c lear  that our Au(III) distribution coeffi- 
cients for extract ion with 5 �9 10 -1 to 1 �9 10 .4 M solutions of the compounds in question here were higher by 1.5- 
2 o rders  than those for extract ion by tr ibutyl  phosphate. 

The extract ion of Au([I[) by solutions of (I) was studied in g rea te r  detail. Following the method of equilib- 
r ium displacement  proposed in [14] it was shown (Fig. 2) that a 1 : 1 metal - to- l igand complex was extracted out 
when Au(ITT) solutions at 10-4-10 -G M concentrat ion in 2 M HC1 are t reated with 5 . 1 0  -1 to 1 " 10 -4 IM solutions of 
compound (I) in chloroform.  

It is seen from Table 2 that the distr ibution coefficient increased with increasing dielectr ic  constant of 
the solvent, the best  solvents, in this respect ,  being chloroform,  chlorobenzene, and 1,2-diehloroethane. Similar 
relat ions have been reported from work on Au(III) extract ion by various pyrazolone derivatives [15]. 

It was also possible to reex t rac t  the Au(III) f rom the organic phase with 0.1-10 M solutions of mineral  
acids, NaOH, and NH4OH (Fig. 3). Single-step reext rac t ion  of Au(ITI) could also be car r ied  out with 1-10 IM 
NH4OH and with 9-10 M HNO 3. 

The pH of the medium was the most  significant factor  in fixing the effectiveness of r a r e - e a r t h  compound 
extraction by (ITI) solutions. As the curves  of Fig. 4 indicate, there was a narrow range of pH values over which 
such extract ion was a lmost  complete (7.5-8.5). The fact that the efficiency of extract ion was independent of the 
r a r e - e a r t h  ion concentrat ion in the aqueous phase was indication that polynuclear  complexes were not formed 
in the extract ion p rocess .  Reducing the concentrat ion f rom 1 �9 10 -2 to 1 �9 10 -8 M displaced the extract ion curve 
toward higher pH values and reduced the optimal pH range. The falloff in the extraction curve at pH values 
in excess of 9 could have resulted f rom part ial  saponification of the es te r  group, or the formation of water-  
soluble complexes,  or  even hydrolysis  of the metal  ton complex- fo rmer .  
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C ONC L U S  I O N S  

1. A new group of e thylenediaminodialkylphosphonic acid e s t e r s  and higher alcohols has been  synthesized.  

2. Study has been  made of the ex t rac t ion  of Au(III) f rom hydrochlor ic  acid solution by the e s t e r s  of these 
acids .  It has been shown that the ex t r ac t  is a 1 : 1 me ta l - t o - l i gand  complex.  The dis t r ibut ion coefficient  of the 
Au(III) ex t rac t ion  i n c r e a s e s  with the d ie lec t r i c  constant  of the ex t rac t ing  solvent .  It has also been es tabl ished 
that  the Au(III) can be r eex t r ac t ed  out of the organic  phase  by NH 3 or  HNO~. 

3. Study has been  made of the ex t rac t ion  of Nd([II), Ce(III) and Ce(IV) ions by the octyl e s t e r  of e thylene-  
diaminodi isopropylphosphonic  acid.  Ex t rac t ion  of these  ions can be c a r r i e d  out a lmos t  quanti tat ively at pH 
values in the 7.5-8.5 in terval .  
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