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INTRODUCTION 

The usefulness of an organic solvent as an extractant for 

metal ions depends on the geometry of the solvent and the 

functional groups that the solvent contains. By varying these 

parameters, many new and useful solvents can be obtained. 

In recent years a great deal of research has been 

conducted on unionized compounds which coordinate to metal 

ions through the action of a polar functional group. Among 

these compounds are the organophosphorous extractants tri-n- 

butyl phosphate, tri-n-octyl phosphine oxide and bifunctional 

phosphine oxides (1,2). Th.ese compounds owe their coordinating 

ability to the semi-polar phosphorous-oxygen moiety, ~P+o. 

Another group of compounds in this class are the sulfoxides 

(3). These compounds owe their coordinating ability to the 
\ 

semi-polar sulfur-oxygen moiety, ,S+O. Solvents of this type, 

in which the oxygen atom of the solvent molecule coordinates 

with the metal ion in the solvent extraction system, belong to 

a group of solvents known as oxonium solvents. N,N- 
0 

disubstitut ed amides , of the, general fbrmula ::N-C-R, also 

belong to'this group and their coordinating ability is due to 

the semi-polar carbon-oxygen moiety ;c+o. 

Anlides are strong extractants because, of the availability 

of electrons on the oxygen atom for bonding. Using proton 

affinity as revealed by infrared spectroscopic measurements to 

evaluate relative basicity, the observed decrease in base 



strength of a series of oxonium solvents follows the order: 

alcof-lols, ethers, and ketones (4). Amides are stronger 

extractants than ketones, but not as strong as tri-n-butyl 

phosphate, (TBP). However, TBP often decomposes to di-n-butyl 

phosphate which is also an excellent extractant and this makes 

it difficult to predict which species is the extractant. The 

thermal stability of amides is comparable to that of TBP and 

the hydrolytic stability of the amides is about the same as 

that of TBP (5). 
. . . . . . .  

All previous work with amides as extractants has been on 

the extraction of the nitrates of quadravalent and hexavalent 

actinides, of zirconium nitrate in nitric acid solution, and 

of nitric acid itself. The purpose of the present work is 

to extend the study of the extracting power of amides to. 

several other metal ions from nitrate solution, to study the 

extracting power of amides on several metal ions.from 

perchlorate solution, in which the mechanism of extraction 

is entirely different from that of extraction from nitrate 

solution, and to examine the possible use of amides as 

reagents for analytical separations. 



SURVEY OF THE LITERATURE 

It was first shown by Feder that N,N-dibutylacetamide 

was roughly comparable to tributyl phosphate as an extractant 

for uranyl nitrate (6). Siddall extended the work of Feder 

and studied the effects of altering the hydrocarbon 

2 + substituents of the amide molecule on the extraction of UO.2 , 

Pu(IV), Pu(VI), Np(VI), HN03, Th(IV), and Zr(1V) from nitric 

acid solution (7). He found that the largest effect came 

from methyl substitution on the a-carbon of the amide. In 

going from acetamide to complete substitution on the a-carbon 

the extraction of U(V1) was only decreased slightly, but the 

extraction of Pu(1V) and Th was reduced by factors of lo3 to 

lo4 and Zr by several hundred. Substitution of ethyl or 

longer chains did not have any greater effect on the 

extraction than the methyl substitution. When formamides 

were used, the extraction of Zr was increased but that of Th, 

U, and Pu(1V) decreased. Branching or bulkiness of the amine 

substituents had the same effect as branching at the a-carbon, 

but to a much smaller extent and there were some exceptions. 

Siddall suggested . . that the uranium complex extracted 

contained two amide molecules per uranium molecule, the 

thorium complex contained a small cluster of more 'than two 

amide molecules for each metal atom, and the zirconium complex 

probably involved two amide molecules per zirconium molecule. 



Other  s t u d i e s  similar t o  S i d d a l l t s  were c a r r i e d  o u t  w i t h  

s i m i l a r  r e s u l t s  (8 ,9 ,10 ,11 ,12) .  The c o n c l u s i o n s  made i n  t h e s e  

r e p o r t s  on t h e  e f f e c t  of  t h e  s t r u c t u r e  of  t h e  amides on . t h e i r  

e x t r a c t i n g  power were t h a t  some of  t h e  amides w i t h  unbranched 

a l k y l  c h a i n s  had ab.out t h e  same e x t r a c t i o n  power f o r  thor ium 

and uranium, b u t  b ranch ing  of t h e  a l k y l  c h a i n s  u s u a l l y  c ause s  

a g r e a t e r  d e c r e a s e  i n  thor ium and z i rconium t h a n  i n  uranium 

e x t r a c t i o n .  Thorium e x t r a c t i o n  was. c h a r a c t e r i z e d  by a  s t r o n g  

dependence on t h e  a c i d i t y  of  t h e  aqueous phase ,  and N,N-  

d i bu ty l ace t amide  showed t h e  . b e s t ' e x t r a c t i n g  po.wer f o r  b o t h  

uranium and thor ium.  It was sugges t ed  t h a t  thor ium,  uranium, 

and z i rconium cou ld  be. e x t r a c t e d  s e p a r a t e l y  o r  s imu l t aneou s ly  

by choos ing  t h e  a p p r o p r i a t e  amide s t r u c t u r e  and n i t r a t e  

c o n c e n t r a t i o n .  

The donor p r o p e r t i e s  of  amides have been s t u d i e d  

e x t e n s i v e l y .  Drago and coworkers performed s p e c t r o c h e m i c a l  

s t u d i e s  on some lower amide complexes of  n i c k e l ( I 1 )  

p e r c h l o r a t e  and chromium(I1) p e r c h l o r a t e  ( 13 ,14 ) .  I n f r a r e d  

s p e c t r a  of t h e  comp1,exes i n d i c a t e d  t h a t  t h e  car.bony1 oxygen 

was. t h e  donor i n  a l l  of t h e  complexes. Vis ib . l e  and near-IR 

s p e c t r a  as .wel l  as e l e m e n t a l  a n a l y s e s  i n d i c a t e d  t h a t  t h e  

complexes were s i x - c o o r d i n a t e  o c t a h e d r a l  s p e c i e s .  E a r l i e r  

work had shown t h a t  t h e  ca rbony l  oxy.gen of t h e  amide was a  

b e t t e r  donor t h a n  t h e  ca rbony l  oxygen of  . ace tone .  T h i s  was 

a t t r i b u t e d  t o  . d e l o c a l i z a t i o n  of  t h e  nonbonding e l e c t r o n  p a i r  



on t h e  n i t r o g e n  i n t o  a  T-molecular o r b i t a l  i n v o l v i n g  oxygen, 

c a rbo n ,  and n i t r o g e n .  Drago e s t i m a t e d  t h e  b a s i c i t y  of t h e  

amides from t h e i r  i n t e r a c t i o n  w i t h  phenol  t o  show t h a t  t h e  

i n d u c t i v e  e f f e c t s  of  t h e  R g roups  c o n t r i b u t e d  t o  t h e  donor 

s t r e n g t h  of t h e  oxygen. The donor s t r e n g t h  was measured from 

t h e  i n t e r a c t i o n  of t h e  amide w i t h  pheno l ,  because  t h e  

d i f f e r e n c e  i n  t h e  f requency  of t h e  0-H s t r e t c h i n g  v i b r a t i o n  

of pheno l  i n  a n  adduc t  compared t o  f r e e  pheno l  i s  r e p o r t e d  t o  

be  l i n e a r l y  r e l a t e d  t o  t h e  e n t h a l p y  of adduc t  f o rma t ion  when 

pheno l  complexes w i t h  a  l a r g e  number of oxygen and n i t r o g e n  

donors .  The s e r i e s  o f  i n c r e a s i n g  donor s t r e n g t h  was found t o  

0 
I I 

CHsCN(CH3)2.. Except  f o r  N,N-dimethylbutyramide, t h i s  was t h e  

s e r i e s  p r e d i c t e d  on t h e  basis o f  i n d u c t i v e  e f f e c t .  It was 

proposed t h a t  i f  R1 were a n  a l k y l  group and e i t h e r  R2 o r  R3 

were a l k y l ,  t h e  s t r u c t u r e  i n  which R3 i s  a l k y l  would be 

f avo red  due  t o  s t e r i c  h ind rance .be tween  R1 and an  a l k y l  . R2. # 

When t h e  amides a r e  c o o r d i n a t e d  t o  m e t a l  i o n s ,  a  s t e r i c  

r e p u l s i o n  a r i s e s  between c o o r d i n a t e d  l i g a n d s  i f  R1 and R3 a r e  

bo th  a l k y l .  The n a t u r e  of  t h e s e  e f f e c t s  can be s e e n  i n  

F i g u r e  1. 



Figure 1. Interaction of neighboring amide groups in an 
octahedral complex. 



PRINCIPLES OF SOLVENT -EXTRACTION 

Detailed information on the theory and applications .of 
. . 

solvent extraction are given by Morrison and Freiser ( 4 ) ,  

Irving and Williams (15), Irving, Rossettl and Williams (16),, 

and in the .Treatise on Analytical Chemistry (17). The 

following discussion is intendcd to provide sufficient infor- 

mation necessary for understanding the results of the present 

work. 

Solvent extraction involves the partition of' an uncharged 

species between two immiscible liquids. In a partition 

involving strong complexes of solvent 'and solut,e species, the 

following type of equilibrium is established, 

M + ~  + R(NO;) + w HZO + ss + M(NO~)~(H~O),S~ 
The equilibrium constant for this reaction is 

Assuming there-are no further interactions in either phase, 

the distribution coefficient is 

Taking the log of both sides and assuming the concentration of 

water to be constant 



Since K i s  cons tan t ,  t h e  expression can be w r i t t e n  a s  • 

log D = R log  [NO:] + s log [S] + cons tant  

If t h e  n i t r a t e  concent ra t ion  i s  held constant  and D i s  measured 

with changes i n  so lvent  concent ra t ion ,  a  p l o t  of log  D .versus 

log  [.S] w i l l  produce a  s lope  which i s  equal  t o  t h e  number of 

sol.vent molecules coordinated t o  t h e  metal  ion  i n  t h e  e x t r a c t e d  

spec ies .  I n  a  s i m i l a r  manner, t h e  so lvent  concent ra t ion  can 

be he ld  constant  and the  s a l t  concent ra t ion  va r i ed ,  t o  

determine t h e  number of anions i n  t h e  ex t rac ted  spec ies .  

A term of p r a c t i c a l  i n t e r e s t  when de.scrib.ing e x t r a c t i o n  

i s  per. cent  e x t r a c t e d ,  %E. T h i s  i s  r e l a t e d  t o  t h e  d i s t r i b u t i o n  

c.o.eff.icient by t h e  fol lowing equation: 

where V, and. Vo a r e  t h e  volumes of t h e  aqueous and organic  

phases,  r e s p e c t i v e l y .  Figure 2 g raph ica l ly  por t r ays  t h e  

in terconvers ion  of D and %E. The t o t a l  percentage of s o l u t e  

ex t rac ted  .af t .er  n  e x t r a c t i o n s  with f r e s h  so lvent  ( i n  each 

e x t r a c t i o n  Vo = Vw) i s  given by t h e  fol lowing equation: 

The s t a b i l i t y  of a  metal  coordina t ion  complex .depends on 

1). t h e  l t ac id i ty t t .  o f  t h e  metal  i o n ,  2 ) ,  t h e  " b a s i c i t y t t  of t h e  

coordina t ing  l igand,  .3) and f a c t o r s  r e l a t e d  t o  t h e  . 



PER CENT EXTRACTION 
! 

F i g u r e  2.  R e l a t i o n  of d i s t r i b u t i o n  c o e f f i c i e n t  t o  p e r  c e n t  
e x t r a c t i o n  ( V o = V w ) .  



c o n f i g u r a t i o n  of t h e  complex. The a c i d i t y  of t h e  me ta l  i o n  

can be r e l a t e d  t o  i t s  charge  and s i z e .  The h i g h e r  and more 

concen t r a t ed  t h e  i o n i c  charge on a  me ta l  i o n  t h e  g r e a t e r  i t s  

a c i d i t y ;  t h e r e f o r e ,  smal l  and h i g h l y  charged c a t i o n s  form t h e  

most s t a b l e  complexes. The b a s i c i t y  of t h e  l i g a n d  can be 

r e l a t e d  t o  i t s  a f f i n i t y  f o r  a  p ro ton ,  and i t s  a t t r a c t i o n  t o  an  

e l e c t r o n  d e f i c i e n t  i o n  o r  molecule .  S ince  me ta l  i o n s  a r e  much 

l a r g e r  t han  p ro tons ,  t h e  a f f i n i t y  of t h e  l i g a n d  f o r  a me ta l  i o n  

cannot be d i r e c t l y  r e l a t e d  t o  i t s  p ro ton  a f f i n i t y .  S t e r i c  

c o n s i d e r a t i o n s  a r e  a l s o  impor t an t .  However, i n  a  s e r i e s  of 

c l o s e l y  r e l a t e d  l i g a n d s ,  t h e  l i g a n d s  wi th  t h e  g r e a t e . s t  p ro ton  

a f f i n i t y  form t h e  s t r o n g e s t  complexes. 

There a r e  c e r t a i n  t r e n d s  i n  t h e  s t a b i l i t y  of m e t a l  

complexes. One of t h e s e  t r e n d s  i s  t h e  I rving-Wil l iams . s e r i e s  

of s t a b i l i t y  ( 1 8 ) .  For a g iven  l i g a n d ,  t h e  s t a b i l i t y  o f .  

complexes w i th  d i p o s i t i v e  me ta l  i o n s  fo l l ows  t h e  o r d e r :  

Th is  o r d e r  i s  due t o  t h e  d e c r e a s e  i n  s i z e  a c r o s s  t h e  s e r i e s  

and t o  l i g a n d  f i e l d  e f f e c t s .  

Another method of d e s c r i b i n g  t r e n d s  i n  complex format ion  

i s  t h e  sof t . -hard ,  ac id -base  t heo ry  ( 1 9 ) .  This  t heo ry  

c l a s s i f i e s  a c i d s  and bases  as be ing  ha rd  o r  s o f t  and p r e d i c t s  

t h a t  hard  a c i d s  p r e f e r  t o  b ind  t o  ha rd  bases  and s o f t  a c i d s  

p r e f e r  t o  b ind  t o  s o f t  ba se s .  Hard a c i d s  o r  bases  have h igh  



cha rges ,  sma l l  s i z e  and c l o s e d  e l e c t r o n  s h e l l s .  S o f t  a c i d s  

o r  ba se s  have low charges  and l a r g e  s i z e .  ~ x a m p l e s  of some 

hard, a c i d s  a r e  t h e  a l k a l i  and a l k a l i n e  e a r t h  me ta l s ,  c r 3 + ,  

c o g + ,  A 1 9 + ,  ~ e ~ + ,  ~ h ~ +  and ~ 0 . 2 ~ ' .  Some s o f t  a c i d s  a r e  CU',' 

AU+,  cd2+,  H ~ ~ + ,  pd2+,  ~t 2+ and p t 4 + .  Some hard  bases  a r e  

N H 3 ,  H20, OH-, F-, C 1 - ,  02-, NO;, and ClO;,  and some s o f t  

ba se s  a r e  H-, R-, CN-, C O ,  SCN-, RS-, and I-. S ince  t h e r e  i s  

no sha rp  d i v i d i n g  l i n e  between ha rd  and s o f t ,  t h e r e  a r e  some 

b o r d e r l i n e  a c i d s  and b a s e s .  Some b o r d e r l i n e  a c i d s  a r e  ~ e ~ ' ,  

2 + co2+,  ~ i ~ + ,  CU , Zn 2 t  , NO+, and SO2. Some b o r d e r l i n e  base s  

a r e  C s H s N H 2 ,  C s H s N ,  N r ,  N 2 ,  NO:, SOa2r and B r - .  

I n  a d d i t i o n  t o  c o o r d i n a t i o n  compounds, t h e r e  a r e  a , l a r g e  

number of uncharged compounds formed by t h e  a s s o c i a t i o n  of 

o p p o s i t e l y  charged i o n s  i n  p a i r s  o r  c l u s t e r s  of h i g h e r  o r d e r .  

A major f r a c t i o n  of t h e  e x t r a c t a b l e  s p e c i e s  o t h e r  t h a n  th.ose 

t h a t  a r e  c h e l a t e s  e x i s t  i n  t h e  o rgan ic  s o l v e n t  a s  i o n  

a s s o c i a t i o n  a g g r e g a t e s .  . . For two i o n s  t h a t  ' a s s o c i a t e  accord ing  

t o  t h e  equa t ion ,  

A +  t B- + (A+ ,B- )  

t h e  e q u i l i b r i u m  exp re s s ion  i s  

K = c (A+ ,B-1  I /CA+ICB-I  

Bj.errum r e l a t e d  t h e  va lue  of K t o  t h e  d i e l e c t r i c  c o n s t a n t  of 

t h e  s o l v e n t ,  t o  t h e  t empera ture ,  and t o  t h e  s i z e  of t h e  i o n s  

involved ( 2 0 ) .  



where N is Avogadrols'number, e is the unit of charge, k is the 

Boltzman constant, E is the dielectric constant, T is the 

absolute temperature, Q(b) is a calculable function, and a is 

an empirical parame.ter representing the distance between 

charge centers of the paired ions when in contact. From this 

equation it is evident that ion-association is best in solvents 

with low dielectric constants, and when the distance between 

the paired ions charge centers is small. Because of these 

factors the value of K increases with decreasing anion size, 

and the presence of high concentrations of electrolyte in the 
i~ 

solution increases K because the dielectric constant of the 

aqueous phase is decreased by the electrolytes. 

Ion-association compounds can be considered as polar 

mo.lecul.es. whose solubility in organic solvents depends on 

their .structural resemblance to the.se solvents. Oxygen 

. containing organic liquids (oxonium so.lvents) work well as 

solvents for many metal salts, because .the basic character of 

the oxygen atom enables the solvent to enter the..c.oordination 

sphere of t.he metal which gives an ion. association compound 

with a structural resemblance to the solvent. 



The a b i l i t y  of a n  oxonium s o l v e n t  t o  e n t e r  i n t o  t h e  

c o o r d i n a t i o n  sphere  of  a  me ta l  i o n  depends on t h e  b a s i c i t y  of 

t h e  oxygen i n  t h e  molecule ,  and on t h e . s t e r i c  a v a i l a b i l i t y  of 

t h e  e l e c t r o n s  on t h e  s o l v e n t .  

The compet i t ion  of wa te r  f o r  t h e  c o o r d i n a t i o n  sphere  can 

be reduced by t h e  u se  of  h igh  c o n c e n t r a t i o n s  of  sa l t s  and/or 

a c i d s .  High e l e c t r o l y t e  c o n c e n t r a t i o n  h e l p s  e x t r a c t i o n  i n  

t h r e e  ways: 1) by t h e  mass a c t i o n  e f f e c t  -- i f  t h e  e l e c t r o l y t e  

has  s u i t a b l e  c o o r d i n a t i n g  an ions ,  t h e  h i g h  an ion  c o n c e n t r a t i o n  

makes t h e  replacement  of wa te r  by t h e  an ion  e a s i e r ,  .2) by 

r educ ing  t h e  water  a c t i v i t y ,  and 3 )  by lowering t h e  d i e l e c t r i c  

c o n s t a n t .  



EXPERIMENTAL 

Apparatus 

A Cary 16 s .pect rophotometer  was used t o  de te rmine  t h e  

absorbance  of samples ana lyzed  calorimetrically. 

Reagents  

The s t a n d a r d . s o l u t i o n  of  z i rconium was p repa red  from 

hafnium-free  ~ r 0 ~ 1 2 - 8 H 2 0  p r epa red  a t  t h e  Ames Labora to ry  o f  

t h e  Atomic Energy.Cornmission. A l l  o t h e r  s o l u t i o n s  o f  m e t a l  

i o n s  were p r epa red  from r e a g e n t  g r a d e  m e t a l  n i t r a t e s .  N , N -  

d ie thyldodecanamide (DEDA), m.p. 3-b°C, was purchased f r 0 . m  

Eastman Organic Chemicals ,  and N,N-dibutylformami.de (DBFA), 

b . p .  120°C a t  15  mm, niO 1.4429, was purchased from Aldr ich  . 

Chemical Company. Both amides were used w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .  

The s t a n d a r d  0.05 M EDTA s o l u t i o n  was p repa red  from 

r e a g e n t  g r a d e  disodium dihydrogen ethylenediaminet .e t raacetate  

d i h y d r a t e .  The s o l u t i o n  was s t a n d a r d i z e d  by t i t r a t i n g  w i t h  

z i n c  n i t r a t e  a t  pH 8 t o  10 w i t h  Eriochrome Black T i n d i c a t o r .  

Arsenazo I, 3-(2-arsonopheny1azo)-4,5-dihydroxy-2,7- 

n a p h t h a l e n e - d i s u l f o n i c  a c i d ,  was purchased from Eastman 

Organic Chemicals ,  and was p u r i f i e d  by d ropp ing  a s a t u r a t e d  

aqueous s u l u t f o n  of  Arsenazo I i n t o  a n  equal volume o f  

co .ncen t ra ted  hydr .och lo r ic  a c i d .  The orange p r e c i p i t a t e  was 



f i l t e r e d  o f f  and washed w i t h  a c e t o n i t r i l e .  The p roduc t  was 

d r i e d  a t  l l O ° C  f o r  1-2 hours  and a  0 . 0 0 1  M aqueous s o l u t i o n  

was p repa red .  

P r e p a r a t i o n  of  N,N-Dihexylacetamide 

Equal  molar  q u a n t i t i e s  of  a c e t i c  anhyd r ide  and di-n- 

hexylamine were d i s s o l v e d  i n  e t h e r  and l e f t  t o  s t a n d  o v e r n i g h t .  

The s o l u t i o n  was shaken w i t h  s e v e r a l  p o r t i o n s  of sodium 

b i c a r b o n a t e  s o l u t i o n  ' t o  n e u t r a l i z e  t h e  a c e t i c  a c i d  formed i n  

t h e  r e a c t i o n .  Then t h e  o r g a n i c  l a y e r  was shaken w i t h  3.0 M 

h y d r o c h l o r i c  a c i d  t o  remove any amine remain ing  i n .  t h e  

s o l u t i o n .  The e t h e r  was removed from t h e  p roduc t  by f r a c t i o n a l  
. - 

d i s t i l l a t i o n ,  and t h e  p roduc t  was d r i e d  by s t a n d i n g  over  

magnesium s u l f a t e .  The f i n a l  p roduc t  was p u r i f i e d  by vacuum 

d i s t i l l a t i o n  a t  150°C a t  a p r e s s u r e  of  4 rnm mercury .  

The NMR and i n f r a r e d  s p e c t r a  a r e  shown i n  F i g u r e s  3  and 

4 .  P roceed ing  downf ie ld ,  t h e  i n t e g r a t i o n  on t h e  NMR s p e c t r a  

i s  6 ,  16 ,  3,  and 4 ,  r e s p e c t i v e l y .  The t r i p l e t  a t  60.9 

co r r e sponds  Lu t h e  metkyl  groupo a t  t h e  end of t h e  hexyl 

g roups .  The s i n g l e t  a t  61.9 cor responds  t o  t h e  methyl  group 

a d j a c e n t  t o  t h e  ca rbony l  group,  and t h e  t r i p l e t  a t . 6 3 . 2  

cor responds  t o  t h e  methylene  groups  a d j a c e n t  t o  t h e  n i t r o g e n .  

The s t r o n g  band a t  1650 cm" on t h e  I R  s p e c t r a  co r r e sponds  t o  

t h e  ca rbony l  s t r e t c h i n g  v i b r a t i o n s  f o r  t e r t i a r y  m i d e s ,  and 

t h e  s t r o n g  band a t  1450 cm" co r r e sponds  t o  C-N s t r e t c h i n g  

v i b r a t i o n s .  
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Figure 3. NMR spectra of M,N-dihexylacetamide. - 



W A V E N U M B E R  CM-' 

Figure- 4. Infrared s?ectra of N,N-dihex~lacetamide. 



Physical Properties of the 

N,N-Disubstituted Amides Used 

Amide Molecular Specific Melting Boiling 
Weight Gravity - Point point 

Analytical Techniques 

Uranium was determined calorimetrically with Arsenazo I 

(21). An aliquot containing 5-500 ug of uranium was adjusted 

to pH 2 or 3 with ammonium hydroxide. To the sample was added 

0.5 ml of 0.05 M EDTA to complex foreign metal ions, 4.0 ml of 

0.001 M Arsenazo, 5 ml of triethanolamine buffer (equal 

volumes of 1.0 M triethanolamine and 0.05 M HN03), and the 

solution was diluted to approxtmately 40 ml. The pH of t.he 

solution was adjusted to 7.5 with HN03 or NH40H. The 

solution was then transferred to a 50 ml volumetric flask and 

diluted to volume.   he absorbance was measured in a 1 cm 

cell at 595 nm. 

All other metal ions were determined by titration with 

EDTA. Calcium was determined with Calmagite at pH 10, and 

magnesium was determined with E r i u c h r . o ~ r ~ e  Black T at pH 10, 

The other metal ions were determined with Xylenol Orange or 

Naphthyl Azoxine S (NAS) , as specified by ~ritz, Abbink and 



Exper imenta l  Procedure  

E x t r a c t i o n s  were performed on t h e  m e t a l  i o n s  ~ l " ,  

UO:', zn2', and z ro2+ .  One s e t  o f  e x t r a c t i o n s  was c a r r i e d  o u t  

by h o l d i n g  t h e  amide c o n c e n t r a t i o n s  c o n s t a n t ,  (DBFA, 2.0 M; 

DEDA, 1 . 0  M and DHAA, 2.0 M )  and a t  n i t r a t e  o r  p e r c h l o r a t e  

c o n c e n t r a t i o n s  of 0.20 M ,  0.50 M,  0..75 M,  1 . 0  M and 2.0 M, 

excep t  f o r  t h e  e x t r a c t i o n  w i t h  DHAA, where t h e  an ion  

c o n c e n t r a t i o n  of 0.20 M was o m i t t e d .  Another s e t  of e x t r a -  

t i o n s  were conducted by h o l d i n g  t h e  n i t r a t e  o r  p e r c h l o r a t e  

c o n c e n t r a t i o n s  a t  1 . 0  M and w i t h  amide c o n c e n t r a t i o n s  as 

f o l l o w s :  DBFA - 1 .0  M ,  2 .0 M ,  3.0 M ,  4.0 M,  5-0 M;  DEDA - 
0.25 M ,  0 .50  M ,  1.0 M,  2.0 M,  3 .0 M ;  DHAA - 0 .5  M, 1.0 M, 

. . 

2.0 M, 3 .5  M. 

To 60-ml s e p a r a t o r y  f u n n e l s  were added e x a c t l y  5  m l  of  

0 . 1  M m e t a l  i o n  i n  0.02 M HN03, a p p r o p r i a t e  amounts of 4.0 M 
. . 

sodium n i t r a t e  o r  sodium p e r c h l o r a t e  and wa t e r  t o  make t h e  

volume 10 m l ,  and 10 m l  of  t h e  a p p r o p r i a t e  amide i n  t o l u e n e .  

The mix tu r e  was p l aced  on a  B u r r e l l  Wrist-Action s h a k e r  and 

e q u i l i b r a t e d  f o r  one hour .  The lower aqueous phase  was r u n  

o f f  and ana lyzed  f o r  t h e  amount o f  m e t a l  i o n  p r e s e n t  a f t e r  

e x t r a c t i o n ' .  



RESULTS AND DISCUSSION 

Distribution coefficients for metal ions extracted from 

nitrate solution with DBFA, DEDA, and DHAA are given in Tables 

1, 2 and 3, respectively. 

The only ions extracted from nitrate solution by any of 

the amides were the actinides, zirconium, the small highly 

charged iron(II.1) ion, and the large mercury and lead ions. 

Uranium, thorium,. zirconium and mercury were extracted to 

some extent by all of the amfdes studied, whereas iron was 

extracted only by N,N-dibutylformamide and N,N-dihexyl- 

acetamide, and lead was extracted only to a small extent by 

the formamide. The best extractant for the actinides appears 

to be DHAA, and for the other ions the formamide'appears to 

be the superior extractant. 

The data suggest . . the separat.ion of uranium, thorium, and 

zirconium from many other metal ions and from each other. It 

appears that uraniwr~ can be separated from any of the metal 

ions studied regardless of' the extraotant, however, DEBA 

appears to be the most selective extractant for uranium. The 

highest separation factors between thorium and the other ions 

is with DHAA at high amide and nitrate concentrations. The 

best separation of zirconium from the other ions appears to 

be with DBFA. As a comparison of the selectivity of the 

three amides towards uranium, thorium, and.zirconi'um, one can 
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T a b l e  1. D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  m e t a l  i o n s  e x t r a c t e d  
f r.om .ni. tr .a. t .e .s o.lu.t . ion w . i  t .h  N., N-.d.ib.ut.y 1f.ormami.de 

Mg 0.0 0.0 0.0 0.0 

N i  0.0 0 .0  0. 0 0 .0  

Pb 0.0 0 .0  0 .0  0.0 

Th --- 0.14 0 .22  0 .76 





Table 2. Distribution coefficients for metal ions extracted 
from nitrate s.01u.t i.o.ns .with .N. ,.N.-.d.i.e.t.hy.ld.od.e.canami.de 
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2 . 0  M NO3 1 . 0  M NO5 1 . 0  M NOT 1 . 0  M Noh 1 . 0  M NOT 
1 . O M D E D A  0 . 2 5 M D E D A .  0 . 5 M D E D A  2 . 0 M D E D A  3 . 0  MDEDA 

. . .  . . . .  . . . .  . . .  . . .  



Table 3. Cistribution coefficients for metal ions extracted from nitrate solution 
with N.,N.-dihexy1.ace.tamide. . . . . . . . . .  . .  . . . . . . . . .  . ,  

0.50 N NO; 0.75 M N O ~  1.0 M NO; 2.0 M NO; 1.0 M NO; 1.0 M N O ~  1.O.M N O ~  
2. 0 M DHA-9 .2 ..O M DHAA. .2. 0. M DHAA .2...0 M DHAA. .0...5. .M DHAA. .1...0. M DHAA .3 ..5 M DHAA 



compare the separation factors between the three metal ions 

when extracted from 1.0 M nitrate solution with 3.0 M DBFA, 

3.0 M 'DEDA and 3.5 M DHAA. The separation factors between 

uranium and thorium for DBFA, DEDA, and DHAA are 23.1, 41.3, 

and 9.4, respectively. Similarly, the separation factors 

between thorium and zirconium are 11.9, 7.95, and 297. DBFA 

is the only extractant which shows large separation factors 

between zirconium and iron, mercury and lead. 

The mechanism of extraction of the metal ions extracted 

from nitrate solution might help explain the effect of the 

structure of amides on their extracting power and selectivity. 

Figures 5 through 10 show log D versus log nitra.te 

concentration and log D versus log amide concentration plots 

for DBFA, DEDA, and DHAA. The plots for the extraction of 

uranium suggest . , that the extracted species .contains two amides 

for each uranium extracted. Plots for mercury suggest . . that 

there are two amide groups extracted with each mercury ion. 

For the extraction of thorium there appear to be three amides 

for e.ach thorium ion extracted when the solvent is DHAA or 

DEDA and four amides for each thorium ion extracted when the 

solvent is DBFA. Because of the high concentrations of 
, 

electrolyte in the aqueous phase, the aqueous phase is far 

from ideal, and the 3lopec of the log D versus log [1\10.:J are 

possibly different than if activity was plotted instead, of 

concentration. Assuming this to be true, the extrac.ted 



Figure .  5. .Log d i s t r i b .u t . i on  .coe.ff ic.ie.nt.  .versus l o g  
N ,N . -d ib~ t~ l fo r r r~a rn ide  . concen t r a t i on  f o r  e .x t r . ac t ion  
from n i t r a t e  so lu t . i on .  



- 1.2- - 
. I I I I I I I I I I I 

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 
LOG NITRATE CON CENTRATI ON (moles/L) 

F i g u r e  6 .  Log d i s t r i b u t i o n  c .oeff . ic . ient  v e r s u s  l o g  n i t r a t e  
c o n c e n t r a t i o n  f o r  ex t rac t . io r i  w i t h  N,N- 
dibutyl formamide.  



LOG NITRATE CONCENTRATI'ON (moles/ L 1.. 

Figu re  7.  Log d i s t r i b u t i o n  .c .oeff . ic . ient  .veksus l o g  n i t r a t e  
co .nce .nt ra t ion .for .  e x t r a c t i o n  w i t h  N,N- 
diethyldodecanamide.  
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Figure 10 .. Log distribution .c.o,ef f.ic.ie.nt. .ver.sus log nttr.at e 
concentration for. extr.act.ion with N,N-  
dihexylacetamide. 



species are predicted to be U02(amide) 2(N03 ) 2(H20) 2, 

Hg(amide)2(~03)2(H20)2 and Th(amide)s or 4 (N03)4(H20)1 Or 0 .  

As mentioned earlier, the lower carbonyl stretching 

frequency for amldes than ketones can be attributed to 

resonance 

If this is the case, amides with electron-releasing . . groups on 

the a-carbon and electron-withdrawing . . groups on the amine 

constituent should increase the availability of electrons on 

the oxygen atom for bonding. This factor along with steric 

factors should be the determining factors for the extracting 

power of various amides. DHAA is a better extractant for the 

actinides than DBFA, possibly because the methyl group on the 

carbon of the DHAA is a better electron donor than the 

hydrogen on DBFA. Also, since it was previously suggested 

that the acid substituents of the amides have a greater effect 

on their extracting power than the amine substituents. The 

larger hexyl groups.on the UHAA would not have as gl-eaL of an 

effect decreasing the extracting power of the amide as the 

more electron-releasing methyl group on the a-carbon has 

increasing the extracting power. 

The most likely reason that the DEDA is the poorest 

extractant of the three amides studied is simply because the 

large dodecyl group makes it sterically difficult for the 

amide to coordinate to. the metal ion. 



The f a c t  t h a t  t h e  e x t r a c t e d  uranium s p e c i e s  c o n t a i n s  two 

amide molecules  and t h e  e x t r a c t e d  thorium s p e c i e s  c o n t a i n s  

more t h a n  two amide molecules might  e x p l a i n  why t h e  b e s t  

s e p a r a t i o n  f a c t o r  between thorium and uranium i s  ob t a ined  w i t h  

DEDA. S ince  t h e  thorium s p e c i e s  c o n t a i n s  more amide groups  

t han  t h e  uranium s p e c i e s ,  t h e r e  i s  more crowding around t h e  

c o o r d i n a t i o n , s p h e r e  of thorium, and t h e  l a r g e  a l k y l  group on 

DEDA wou'ld cause  more crowding t h a n  t h e  o t h e r  two amides.  

There fore ,  t h e  h i g h e s t  s e p a r a t i o n  f a c t o r  i s  wi th  DEDA. 

S ince  no conc lus ions  on t h e  mechanism of e x t r a c t i o n  of 

z i rconiwn have .been made, i t ' i s  d i f f i c u l t  t o  p r e d i c t  why t h e  

zirconium is. e x t r a c t e d  much b e t t e r .  by t h e  formamidq t h a n  t h e  

o t h e r  two amides. 

The r e s u l t s  of t h e  e x t r a c t i o n s  from p e r c h l o r a t e  s o l u t i o n  

w i th  DBFA and DEDA were much d i f f e r e n t  t h a n  t h e  e x t r a c t i o n  

, from n i t r a t e  s o l u t i o n .  The d i s t r i b u t i o n  c o e f f i c i e n t s  a r e  

shown i n  Tables  4 and 5. These l a r g e  d i f f e r e n c e s  i n  t h e  two 

systems' can be a t t r i b u t e d  t o  t h e  d i f f e r e n t  r o l e s  t h a t  t h e  

n i t r a t e  and p e r c h l o r a t e  i o n s  p l ay  i n  t h e  e x t r a c t i o n  mechanism. 

The n i t r a t e  i o n  i s  a  c o o r d i n a t i n g  . . l i g a n d  and forms c o o r d i n a t i o n  

complexes wi th  t h e  meta l  i o n s  t h a t  a r e  e x t r a c t e d  from n i t r a t e  

~ 0 1 u t i u 1 1 .  T h e  n i t r a t e  i o n  i s  competine; f n r  t h e  c o o r d i n a t i o n  

s l L e s  with  t h e  a i d e  and wate r ,  and consequent ly  t h e  s p e c i e s  

e x t r a c t e d  i s  a  coo rd ina t ion  comp.lex. The p e r c h l o r a t e  i o n  i s  

a very poor c o o r d i n a t i n g  l fgand ,  and . i ts  s p h e r i c a l  charge  
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T a b l e  4 .  D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  me ta l  i o n s  e x t r a c t e d  
from .per.chlo.r.at.e .s.olut.ion .wi th  .N.,.N.-dibutylf ormamide 

0 .20MClOC 0.50MClOY 0.75MC10;  1 . 0 M c 1 0 ;  
2.0 M DBFA 2.0 M .  DBFA 2.0 M DBFA 2.0 M DBFA 

. . .  . .  . .  . . . . . . .  . . . . ;  . 
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T a b l e  5. D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  m e t a l . i o n s  e x t r a c t e d  
f rom p e r c h l o r a t e  s o l u t i o n  w i t h  N,N-diethyl- 

. . dodecanamide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.20 M ~ 1 0 :  0.50 M C10r 0.75 M ~ 1 0 ;  1 . 0  M C10: 
1 . 0  M DEDA 2.0 M DEDA 1 . 0  M DEDA ' 2.0' M DEDA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . .  



2.0 M C10; 1.0 M Cloy 1.0 M ~10: 1.0 M C10; 1.0 M Cloy 
1.0 M DEDA 0.25 M DEDA 0.50 M DEDA 2.0 M D E D A '  3.0 M D E D A  

. . . . . .  , . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



d i s t r i b u t i o n  makes i t  an  e x c e l l e n t  i o n  f o r  fo rmat ion  of ion- 

a s s o c i a t i o n  c.omplexes. The p e r c h l o r a t e  i o n  reduces  t h e  

a c t i v i t y  of wate r  and t h e  d i e l e c t r i c  c o n s t a n t  of t h e  s o l u t i o n  

g r e a t l y ,  t h e r e f o r e ,  t h e  amides r e a d i l y  c o o r d i n a t e  .to a l l  of' 

t h e  s i t e s  i n  t h e  c o o r d i n a t i o n  sphere  and t h e  spec . ies  e x t r a c t e d  

i s  an  i on -a s soc i a t i on  complex. 

The l o g  D ve r sus  l og  p e r c h l o r a t e  c o n c e n t r a t i o n  and log  D 
,.. 

v e r s u s  l og  amide c o n c e n t r a t i o n  p l o t s  f o r  t h e  DBFA systems a r e  

shown i n  F i g u r e s  11 through 1 7 .  From t h e s e  f i g u r e s  i t  i s  

p r e d i c t e d  t h a t  i n  a l l  c a s e s  except  f o r  t h a t  of Cu( I1)  t h e  

e x t r a c t e d  s p e c i e s  a r e  [~(amide):', n~ lO; ] .  , For Cu(11) t h e  

e x t r a c t e d  . spec ies  appears  t o  be [Cu(amide) 2 ( ~ 2 0 . ) ? + ,  2C10ol. 

Th is  i s  probably  due t o  t h e  f a c t  t h a t  two of t h e  wa te r  

molecules  coo rd ina t ed  around Cu (11) a r e  f a r t h e r  from t h e  meta l  

atom t h a n  t h e  o t h e r  f o u r  and a r e  more e a s i l y  d i s p l a c e d .  A f t e r  

t h e s e  two wa te r  molecules  have been d i s p l a c e d  i t  becomes more 

d i f f i c u l t  t o  r e p l a c e  t h e  remaining wate r  molecu les .  

It i s  very  s u r p r i s i n g  t h a t  a t  h igh DEDA and p e r c h l o r a t e  

c o n c e n t r a t i o n s  a l l  of t h e  meta l  i o n s  a r e  e x t r a c t e d  t o  some 

e x t e n t ,  and wi th  DBFA, a l l  of t h e  me ta l  i o n s  a r e  e x t r a c t e d  

a p p r e c i a b l y .  It would be expected t h a t  t h e r e  would be such a 

l a r g e  amount of s t e r i c  h inderance  from s i x  l a r g e  amide groups 

c o o ~ ~ d l r ~ a t e d  around t h e  me ta l  i o n  that .  only  t h e  l a r g e r  i o n s  

would be e x t r a c t e d .  Although many i o n s  which would no t  be 

expected t o  be e x t r a c t e d  were e x t r a c t e d ,  t h e  e x t e n t  t o  which 
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Figure 11. Log distribution .c.oeff.icient, versus .log 
N,N-dibutylformamide .concentration for. extraction 
from perchlora.t ,e solution. 
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F i g u r e  12.  Log d i s t r i b . u t i o n  .coeff . ic . ient  .ve r sus  l o g  
N,N-dibuty.lformamide c o n c e n t r a t i o n .  f o r  e x t r . a c t i o n  
from p e r c h l o r a t e  s o l u t i o n .  



F i g u r e  13. Log d i s t r i b u t i o n  c.oeff . ic . ient .  ve r sus  l o g  
N,N-dib.utylformamide c o n c e n t r a t i o n  fo r :ex tEac t ion  
'from p e r c h l o r a t e  s o l u t i o n .  
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conce .n t r a t i on  f o r  e x t r a c t i o n  w i t h  N,N- 
dibutyl fosmamide . 
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F i g u r e  15. Log d i s t r i b u t . i o n  c0e.f f . ic.ie.nt.  . ve r sus  l o g  .per.chlor.a.t  e 
concen t ra t . ion .  f o r  e x t r a c t . i o n  w i t h  N,N- 
d ibutyl formamide.  



Figu re  16 .  Log. d i s t r i b u t . i o n  coe,ff . ic . ient  v e r s u s  .log per .chlor .a te  
concen t r . a t ion  . f o r  e x t r a c t i o n  wi th  N,N- 
dibutylformamide.  
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t h e  me t a l  i o n s  were e x t r a c t e d  was dependent  on t h e  s i z e  and 

t h e  charge  of t h e  m e t a l  i o n .  The h i g h l y  charged A l ,  Fe and Th 

i o n s  were e x t r a c t e d  a p p r e c i a b l y  even a t  low amide concen- 

t r a t i o n s .  The l a r g e  Pb, Hg, Z r ,  and U i o n s  were e x t r a c t e d  t o  

' a much g r e a t e r  e x t e n t  t h a n  s m a l l e r  i o n s .  I n  t h e  s e r i e s  C o ( I I ) ,  

N i ( I I ) ,  C u ( I I ) ,  Zn ( I1 )  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  fo l lowed  

t h e  I rv ing-Wil l iams t r e n d ,  w i t h  Co(II)~Ni(II)~Cu(II)>Zn(II). 

1 n . t h e  s e r i e s  Z n ( I I ) ,  . C d ( I I ) ,  H g ( I 1 )  and M g ( I I ) ,  Ca(I1) t h e  

d i s t r i b u t i o n  c q e f f i c i e n t s  i n c r e a s e d  w i t h  t h e  s i z e  of  t h e  

m e t a l  i o n s .  

A s  w i t h  t h e  n i t r a t e  system,. t h e  s e p a r a t i o n  of  uranium, 

thor ium,  and z i rconium from o t h e r  m e t a l  i o n s  and from each  

o t h e r  seems p o s s i b l e .  A t  low p e r c h l o r a t e  and'DBFA concen- 

t r a t i o n s  t h e  . separa t ion  of  Th, Z r ,  and U from a l l  of  t h e  o t h e r  
> 

m e t a l  i o n s  s t u d i e d  should  be pos s ib , l e .  , A s  w i t h  t h e  n i t r a t e .  

sys.tem, DEDA i s  t h e  most s e l e c t i v e  s o l v e n t  f o r  uranium, and 

i t  appea r s  t h a t  uranium can  be s e p a r a t e d  from a l l  o t h e r  i o n s  

s t u d i e d  w i t h  DEDA, r e g a r d l e s s  o f  t h e  amide and p e r c h l o r a t e  

c o n c e n t r a t i o n s .  The g r e a t e r  s e l e . c t i v . i t y  of  DEDA t h a n  DBFA 

towards  uranium ove r  t h e  o t h e r  m e t a l  i o n s  can  be s een  i n  a 

comparison of  t h e  e x t r a c t f n g  power of  2 . 0  M DBFA and DEDA on 

Z r ,  U ,  Th, Pb and Fe .  When e x t r a c t e d  from 1 . 0  M Cloy, .  t h e  

d i s t r i b u t i o n  c o e f f i c i e n t s  a r e  as f o l l o w s ,  



DBFA 

Z ~ O +  aJ 

uo;+ 79.0 

DEDA 

0 

20.8 

A g r e a t  d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  can be 

no ted  between DBFA and DEDA f o r  Z r ,  Th, P b  and Fe, b u t  t h e  

d i f f e r e n c e  between e x t r a c t i n g  powers i s  n o t  n e a r l y  a s  g r e a t  

f o r  U .  The most s t r i k i n g  d i f f e r e n c e  between t h e  n i t r a t e  and 

pe . r ch lo ra t e  systems appears  t o  be wi th  t h e  e x t r a c t i o n  of 

zirconium. With t h e  n i t r a t e  system, zirconium was e x t r a c t e d  

app rec i ab ly  only  a t  h igh  DBFA and n i t r a t e  c o n c e n t r a t i o n s ,  and 

s e p a r a t i o n  of zirconium from .o ther  i o n s  appea r s  d i f f i c u l t  

because. o t h e r  i o n s  a r e  a l s o  e x t r a c t e d  t o  a  l a r g e  e x t e n t  under 

t h e s e  c o n d i t i o n s .  With t h e  p e r c h l o r a t e  system zirconium i s  

e x t r a c t e d  t o  a  l a r g e  ex t en t .  even a t ' l o w  DBFA c o n c e n t r a t i o n s ,  

and t o  a much g r e a t e r  e x t e n t  t h a n  t h e  o . ther  i o n s  s t u d i e d .  

There fore ,  t h e  s e p a r a t i o n  of zirconium from a l l  o t h e r  i o n s  

s t u d i e d  appears  . pos s ib l e  a t  low DBFA and p e r c h l o r a t e  

c o n c e n t r a t i o n s .  
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FUTURE WORK 

With t h e  p rope r  c h o i c e  of  c o n d i t i o n s  i t  would seem 

p o s s i b l e  t o  e s t a b l i s h  s e v e r a l  s e p a r a t i o n  schemes w i t h  v a r i o u s  

amides by r e v e r s e d  phase  chromatography.  O f  t h e  amides 

.examined DHAA shou ld  prove t o  be t h e  most a p p r o p r i a t e  f o r  t h e  

s e p a r a t i o n  of  F e ( I I 1 )  , ' Hg(I . I ) ,  Th(IV) , UD:', and zro2+ i n  

n i t r a t e  s o l u t i o n .  The s e p a r a t i o n  f a c t o r s  between a l l  of  t h e s e  

i o n s '  e x t r a c t e d  from n i t r a t e  s o l u t i o n  a r e  g r e a t e r  t h a n . 2 . 0 ;  

t h e  l a r g e  hexy l  groups  on t h e  amide shou ld  h e l p  h o l d  t h e  amide 

on t h e  s u p p o r t  and h e l p  a l l e v i a t e  t h e  problems of b l e e d i n g  

o f t e n  encounte red  w i t h  r e v e r s e d  phase  chromatography.  

The amide-perch lo ra te  sys tem would appear  t o  have t h e  

p o t e n t i a l  f o r  t h e  s e p a r a t i o n  of  a l l  of  t h e  me t a l  i o n s  s t u d i e d .  

The s e p a r a t i o n  f a c t o r s  a r e  n o t  a s  g r e a t  as t h o s e  i n  t h e  

n i t r a t e  sys tem,  b u t  work w i t h  d i f f e r e n t  amides t h a n  t h e  ones 

a l r e a d y  s t u d i e d  cou ld  e s t a b l i s h  b e t t e r  s e l e c t i v i t y .  

Feder  found t h a t  uranium cou ld  be back-ex t rac ted  from t h e  

amide by means of a n  aqueous s o l u t i o n  of a  complexing a g e n t  
\ 

with  a  pH v a l u e  of a t  l e a s t  7 ( 1 2 ) .  He found t h a t  c a r b o n a t e ,  

o x a l a t e ,  o r  c i t r a t e  s o l u t i o n s  were s u i t a b l e ,  and t h a t  

ammonium ca rbona t e  was e s p e c i a l l y  .good. The re fo r e ,  one of  

t h e s e  complexing a g e n t s  shou ld  work w e l l  as a n  e l u e n t  f o r  

chromatographic  separations. 

. .Another  p o s s i b i l i t y  f o r  fu r . t .he r  work would be t h e  

s y n t h e s i s  of a r e s i n  con t , a i n ing  amide. f u n c t i o n a l  g roups .  



Using Amberlite XAD-2 as the starting material there would be 

two possibilities for the structure of the amide resin, either 

as -CH 2-CH-CH 2- or as -CH 2-CH-CH 2- 
' I '  1 , 00 I I  

R-C-N-R 

The first structure should prove to be the better of the two, 

since the benzene ring should increase the availability of 

electrons to the oxygen for bond formation. Possible methods 

for preparing these resins are as follows: 

R ,  . COOH 



-CH 2-CH-CH 2- -CH 2-CH-CH 2- -CH 2-CH-CH 2- '6 ' + H N O ~  . . H i S ' 0 4  . 

> '0 S n , H C l  A , 
NO 2 

Q 
(NH:) 2 ~ n ~ 1 9 -  

( B )  10.- 

-CH 2-CH-CH 2- -CH 2-CH-CH 2- -CH 2-CHTCH 2- 

'0' < 

( R C O )  2 0  
0' 

' < R.1 

II  
NHR 

Q '  
R-C-N-R NH 2 
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