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Macrocycle-Mediated Transport in a Bulk 1.5 M HN03-CHCl3-0.01 M 
HNO3 Membrane System of Pd2+ and Mn+ from PdZ+-Mn+ Mixtures 

R. M. IZATT, L. EBLERHARDT, G. A. CLARK, R. L. BRUENING, 
J .  S. BRADSHAW, M. H. CHO, and J .  J .  CHRISTENSEN 

DEPARTMENTS OF CHEMISTRY AND CHEMICAL ENGINEERING 
BRIGHAM YOUNG UNIVERSITY 
PROVO, UTAH 84602 

ABSTRACT 

Pd2+  has  been t r a n s p o r t e d  us ing  s u l f u r  s u b s t i t u t e d  
macrocycles  as c a r r i e r s  and s e v e r a l  M n +  ( M n +  = Li' ,  
Na+, K+, Rb', Cs ' ,  Mg2+, Ca2+, S r 2 + ,  Ba2+, Ag+, T1+, 
C d 2 + ,  and  P b 2 + )  have  been t r a n s p o r t e d  us ing  18- 
crown-6 (18C6) and s u l f u r  s u b s t i t u t e d  macrocycles as 
c a r r i e r s  i n  a 1.5M HNO3/CHC13/O.OlM HN03 bulk l i q u i d  
membrane system. C o m p e t i t i v e  Pd2+-Mn+ t r a n s p o r t  
s t u d i e s  have a l s o  been c a r r i e d  o u t  f o r  t h e  same 
systems. The c y c l i c  po lye ther  18C6 t r a n s p o r t s  M n +  
s e l e c t i v e l y  over P d 2 +  f o r  a l l  Mn+ except  Li+, Mg2+, 
and Cd2+. I n  t h e  cases  of these t h r e e  c a t i o n s ,  no 
t r a n s p o r t  was f o u n d  f o r  e i t h e r  P d 2 +  o r  M n + .  
G e n e r a l l y ,  t h e  s u l f u r  s u b s t i t u t e d  macroc  y c l  e s  
t r a n s p o r t  Pd2+ s e l e c t i v e l y  over  M n + .  

INTRODUCTION 

Macrocycle-mediated b u l k  l i q u i d  membrane c a t i o n  t r a n s p o r t  has  
been s t u d i e d  e x t e n s i v e l y  ( 1 - 1  3 ) .  I n  many i n s t a n c e s ,  a p a r t i c u l a r  
c a t i o n  i s  t r a n s p o r t e d  s e l e c t i v e l y  o v e r  o t h e r  c a t i o n s  from 
two-cat ion ( 1 4 - 2 0 ) ,  t h r e e - c a t i o n  ( 2 1 ) ,  and m u l t i - c a t i o n  ( 2 2 )  
mixtures .  

I n t e r e s t  i n  t h e  development of techniques  f o r  t h e  s e p a r a t i o n  
of pal ladium l e a d  t o  t h e  p r e s e n t  l i q u i d  membrane t r a n s p o r t  s t u d y .  
Recovery of palladium is important  because of its u s e f u l n e s s  a s  a 
c a t a l y s t ,  i n  e l e c t r i c a l  components, and i n  a p p l i c a t i o n s  based upon 
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702 IZATT ET AL. 

i ts r e s i s t a n c e  t o  c o r r o s i o n  ( 2 3 ) .  Liquid membrane technology may 
become important  t o  t h e  f i e l d  of r e s o u r c e  recovery  i n  t h e  near  
f u t u r e .  Bulk l i q u i d  membrane t r a n s p o r t  experiments  a r e  u s e f u l  f o r  
deducing t r a n s p o r t  p r i n c i p l e s  and f o r  t h e  i d e n t i f i c a t i o n  of 
t r a n s p o r t  s e l e c t i v i t i e s .  The t r a n s p o r t  p r i n c i p l e s  may be a p p l i e d  
t o  p r a c t i c a l  membrane t y p e s ,  such a s  suppor ted  and emulsion l i q u i d  
membranes, f o r  e f f i c i e n t  t r a n s p o r t .  

The chemistry of palladium is  s i m i l a r  t o  t h a t  of plat inum, 
i . e .  b o t h  m e t a l s  form a n i o n i c  complexes  w i t h  h a l i d e  i o n s .  
P a l l a d i u m ,  h o w e v e r ,  d i f f e r s  f rom p l a t i n u m  i n  forming a Pd2+ 
hydra ted  s p e c i e s  i n  a c i d  s o l u t i o n s  of non-complexing an ions  (24). 
The e x i s t e n c e  o f  P d 2 +  s h o u l d  make i t  p o s s i b l e  t o  f o r m  
Pd-macrocycle2+ complexes, l i k e  t h o s e  formed w i t h  o t h e r  d i v a l e n t  
metal  i o n s .  Complex formation between Pd2+  and macrocycles should  
a l s o  l e a d  t o  t h e  t r a n s p o r t  of Pd2+ a c r o s s  l i q u i d  membranes, which 
t r a n s p o r t  has  been achieved w i t h  o t h e r  d i v a l e n t  metal  i o n s ,  such a s  
Pb2+  ( 4 , 1 4 ) .  

Few Pd-macrocycle2+ c o m p l e x e s  have  been r e p o r t e d  i n  t h e  
l i t e r a t u r e .  C r y s t a l  s t r u c t u r e  d a t a  of t h e  PdC12-T218C6 complex 

18-Crown-6 
(1  8C6) 

P? 
c s  

Hex at h i a- 
18-Crown-6 

(T6 18C6) 

P S - l  

Thia-18-Crown-6 
(T 18C6) 

Diketot hia- 
18-Crown-6 
(DKT18C6) 

1,lO-Dithia- 
18-Crown-6 

(T2 18C6) 

oY----PO e, ,s 
Diketothia- 

15-Crown-5 
(DKT15C5) 

Fig .  1 .  Macrocycles used i n  t h i s  s t u d y .  
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MACROCYCLE-MEDIATED TRANSPORT 703 

(25)  and t h e  Pd(SCN)2-T218C6 complex (26)  ( s e e  F igure  1 f o r  t h e  
s t r u c t u r e  of T 2 l 8 ~ 6  and of t h e  o t h e r  macrocycles  used i n  t h e  s t u d y )  
show Pd2+ c o o r d i n a t i o n  t o  be square  p lanar  w i t h  bonding t o  t h e  two 
s u l f u r  atoms of t h e  macrocycle r i n g  and t o  t h e  two anions  present  
i n  each complex. The oxygen donor atoms of t h e  macrocycle r i n g  do 
not  c o o r d i n a t e  w i t h  Pd2+. These r e s u l t s  a r e  c o n s i s t e n t  wi th  t h e  
g r e a t e r  a f f i n i t y  of Pd2+ f o r  l i g a n d s  c o n t a i n i n g  s u l f u r  donor atoms 
t h a n  f o r  l i g a n d s  with oxygen donor atoms ( 2 4 ) .  A s  a resu l t  of 
t h e s e  d a t a ,  a series of macrocycles c o n t a i n i n g  s u l f u r  donor atoms 
were  s e l e c t e d  as  p o t e n t i a l  c a r r i e r s  of  Pd2+ f o r  t h e  p r e s e n t  
t r a n s p o r t  s t u d y .  The 18C6 m a c r o c y c l e  was a l s o  s t u d i e d  f o r  
comparison purposes .  

T r a n s p o r t  experiments  were conducted us ing  t h e  macrocycl ic  
c a r r i e r s  i n  F ig .  1 f o r  t h e  i n d i v i d u a l  t r a n s p o r t  of Pd2+ a s  its 
n i t r a t e  s a l t  and t h e  compet i t ive  t r a n s p o r t  of P d 2 +  and M n +  from 
binary  mixtures  of t h e  n i t r a t e  s a l t s  of Pd2+ and of Mn', where 
M n +  = L i + ,  Na', K + ,  Rb', C S ' ,  Mg2+, Ca2+, Sr2+,  Ba2+, Ag', T 1 + ,  
Cd2+, and Pb2+.  The source  phases  and r e c e i v i n g  phases were made 
a c i d i c  i n  o r d e r  t o  p r e c l u d e  Pd2+ h y d r o l y s i s  i n  water  and i t s  
subsequent  p r e c i p i t a t i o n  as Pd(OH)2. I n  order  t o  understand t h e  
e f f e c t  of a c i d  upon t r a n s p o r t  of M n + ,  experiments  were conducted 
us ing  a s i n g l e  n i t r a t e  s o l u t i o n  of each M n +  a s  t h e  source  phase. 

EXPERIMENTAL 

The t r a n s p o r t  experiments were performed a s  descr ibed  e a r l i e r  
( 4 ) ,  except  t h a t  a 1 .5  M HN03-CHC13-0.01 M HNO3 l i q u i d  membrane 
system was used. The o r g a n i c  membrane was 3.0 m l  of chloroform 
which ,  i n i t i a l l y ,  was made 1 . 0  mM i n  t h e  macrocycle  and was 
s i t u a t e d  between 0.8 m l  of aqueous source  phase and 5 . 0  m l  of 
aqueous r e c e i v i n g  phase. The s i n g l e  s a l t  source  phase s o l u t i o n s  
were 0.1 M M(NC3)n i n  1 . 5  M HNO3 except  f o r  t h e  Ba(N03)2 s o l u t i o n  
which was 0.02 M i n  1 . 5  M H N O 3  because of t h e  lower s o l u b i l i t y  of 
Ba(N0312. The b i n a r y  s a l t  source  phase s o l u t i o n s  were 0.05 M 
Pd(NO3)2/0.05 M M(NO3), i n  1 .5  M HNO3 except  f o r  t h e  Pd(NC3)2/ 
Ba(NO3)2 b i n a r y  mixture  which was 0.01 M Pd(NO3)2/0.01 M Ba(N03)2 
i n  1 . 5  M H N O 3 .  The r e c e i v i n g  phase was i n  a l l  cases  0.01 M HNC3.  

The phases were s t i r r e d  us ing  smal l  t e f l o n  magnetic s t i r r e r  
b a r s  p laced  i n  t h e  chloroform l a y e r s  and dr iven  a t  120 rpm by Hurst  
synchronous motors f o r  2 4  hours .  A f t e r  t h i s  per iod  of t ime,  2.5 m l  
samples of t h e  r e c e i v i n g  phases were removed and analyzed f o r  t h e  
m e t a l s  of in terest  us ing  a Perk in  Elmer Model 603 atomic absorp t ion  
spec t rophotometer .  The measured f l u x  v a l u e s  (moles t r a n s p o r t e d  
s-'* m - 2 ) ,  JM, were m u l t i p l i e d  by l o 8  t o  o b t a i n  t h e  JM values  i n  
Tables  1 and 3. Each JM value  is t h e  average of  t h r e e  s e p a r a t e  
de te rmina t ions .  The s t a n d a r d  d e v i a t i o n s  a r e  -*12% and never exceed 
*33$. Genera l ly ,  t h e  l a r g e  s t a n d a r d  d e v i a t i o n s  a r e  f o r  t h o s e  
systems which show l i t t l e  t r a n s p o r t .  The JM values  given a r e  v a l i d  
f o r  t h e  CHC13-source phase boundary. The JM values  a c r o s s  t h e  
CHC13-receiving phase boundary can be c a l c u l a t e d  by m u l t i p l y i n g  t h e  
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704 IZATT ET A L .  

J M  v a l u e s  i n  Tables  1 and 2 by 0.286. The value of  0.286 is 
c a l c u l a t e d  from t h e  d i f f e r e n c e  between t h e  source  phase-membrane 
and r e c e i v i n g  phase-membrane i n t e r f a c i a l  s u r f a c e  a r e a s .  The c e l l  
dimensions a r e  given i n  r e f e r e n c e  ( 4 ) .  The experiments  were run  a t  
room tempera ture  (23-25'C), except  f o r  t h o s e  systems c o n t a i n i n g  
Ag', which were covered with a dark box and were maintained a t  
-30 'C. 

The chemicals  used and t h e i r  s o u r c e s  a r e :  L i N 0 3  (MCB, Baker) ;  
NaN03 ( M a l l i n c k r o d t ,  B a k e r ) ;  K N O 3  ( B a k e r ,  F i s h e r ) ;  M g ( N 0 3 ) ~  

TABLE 1 

a 1.5M HN03-CHC13-O.OlM H N O 3  B u l k  Liquid Membrane System 
f o r  Source Phases Containing 0.1 M M ( N O 3 ) ,  and Using 

Various Macrocycl ic  C a r r i e r s a  

Mn' F l u x  Values ( JM = moles t r a n s p o r t e d  3-l X l o 8  Through 

Macroc yc l  e s  

M"+ 
18C6 T18C6 T2l8C6 DKT18C6 DKT15C5 Tg18C6 

Pd2+  

L i +  

K +  

Rb' 

cs+ 
Mg2+ 

Ca2+ 

Sr2+ 

Ba2+c 

Ag+d 

T 1 +  

Cd2+  

Pb2+ 

0 

0 

346 

21 6 

46  
0.2 

13 
438 

53 

21 6 

532 

0 

142  

35 54 

0 

5 0 

0 

0 

0 

0.2 

398 66 

4 

0 

649 173 

27 1 Ob 

0 

0 0 

0 

0 

0 .2  0.2 

0.3 0.4 

0 

0 . 2  

40 53b 

0.1 

0 

0.1 0.1 

aBlank experiments  c o n t a i n i n g  no macrocycl ic  c a r r i e r  t y p i c a l l y  gave 
f l u x  va lues  of -0 .2  X moles s-l .m-2 o r  l e s s  f o r  each Mn+; 
b P r  e c i  p i  t a t  i o n  o c c u r r e d  a t  t h e  s o u r c e  phase-membr  a n e  
i n t e r f a c e ;  CBa(N03)2 = 0.02 M; dTemperature of c e l l  is -3O'C.  
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706 IZATT ET AL. 

( M a l l i n c k r o d t ,  F i s h e r ) ;  HNO3, CHC13 ( F i s h e r ) ;  RbN03, CsN03 
( A l d r i c h ,  A l f a ) ;  Pd(N03)2 ( A l f a ) ;  Ca(N03)2, Pb(N0 12 (Baker, B & A ) ;  
S r ( N 0 3 ) ~  ( F i s h e r ,  ACS); B a ( N 0 3 ) ~  ( B a k e r ,  JTB?; AgNO3 (Baker ,  
A l d r i c h ) ;  T1N03 ( I C N ) ;  Cd(N03)Z ( B & A ) ;  18C6, T18C6, T318C6 
( P a r i s h ) ;  T618C6 ( P r o f e s s o r  Stephen Cooper, Harvard U n i v e r s i t y ) ;  
DKT18C6, DKT15C5(27). A l l  chemicals were r e a g e n t  q u a l i t y  and were 
used without  f u r t h e r  p u r i f i c a t i o n .  

RESULTS AND DISCUSSION 

Single Salt Systems 

I t  was found t h a t  P d ( N 0 3 ) ~  t r a n s p o r t e d  very l i t t l e  from a c i d i c  
s o l u t i o n s  us ing  oxygen and n i t r o g e n  donor atom crown e t h e r  and 
cryptand  c a r r i e r s .  S u l f u r  donor atom crown e t h e r s  were much more 
e f f i c i e n t  a s  P d ( N 0 3 ) ~  c a r r i e r s  ( 2 8 ) .  Resul t s  from t h e  present  
s t u d y  f o r  t h e  t r a n s p o r t  of P d ( N 0 3 ) ~  us ing  v a r i o u s  macrocycle 
c a r r i e r s  a r e  given i n  Table 1 a s  f l u x  v a l u e s .  Very l i t t l e  Pd2' 
t r a n s p o r t  occurs  using 18C6. This  is t o  be expected because of t h e  
small i n t e r a c t i o n  between Pd2+ and 18C6 i n  a c i d i c  s o l u t i o n  ( 2 8 ) ,  a s  
was es t imated  us ing  a c a l o r i m e t r i c  technique  d e s c r i b e d  e a r l i e r  
( 2 9 ) .  Successive s u b s t i t u t i o n  of one and two oxygen donor atoms of 
18C6 w i t h  s u l f u r  r e s u l t s  i n  t h e  s u c c e s s i v e  i n c r e a s e  i n  Pd*+ f l u x e s  
a s  i n d i c a t e d  f o r  t h e  Pd2+ f l u x e s  i n  Table  1 ob ta ined  us ing  T18C6 
and T218C6. Pre l iminary  c a l o r i m e t r i c  r e s u l t s  show t h a t  t h e  l o g  
K(1.0 M H N O 3 )  va lue  f o r  Pd2+-Tz18C6 i n t e r a c t i o n  i s  s e v e r a l  l o g  K 
u n i t s  h i g h e r  t h a n  t h e  l o g  K ( l . O  M HN03) va lue  f o r  Pd2+-18C6 
i n t e r a c t i o n .  In  t h e  case  of T618C6, a very s t r o n g  Pd2+-T618C6 
i n t e r a c t i o n  would be expected.  Formation of an orange p r e c i p i t a t e  
a t  t h e  s o u r c e  phas  e-membr a n e  i n t e r  f a c e  i n d i c a t e s  complexat i o n  
o c c u r s .  The l a c k  of Pd2+  t r a n s p o r t  i n  t h i s  case  is probably due t o  
l i t t l e  r e l e a s e  of P d 2 +  from T618C6 i n t o  t h e  r e c e i v i n g  phase because 
of s t r o n g  complexation between Pd2' and T6l8C6. The lower f l u x e s  
of P d 2 +  w i t h  DKT18C6 and DKT15C5 r e l a t i v e  t o  t h e  o t h e r  s u l f u r  
m a c r o c y c l e s  may be due t o  g r e a t e r  macrocycle p a r t i t i o n i n g  and,  
hence,  l o s s  of DKT18C6 and DKT15C5 t o  t h e  aqueous phases due t o  t h e  
presence of carbonyl  oxygens on t h e  macrocycle r i n g .  

T r a n s p o r t  of s e v e r a l  c a t i o n s  from s i n g l e  s a l t  s o l u t i o n s  
c o n t a i n i n g  n i t r i c  a c i d  has  been s t u d i e d  us ing  18C6, T18C6, T218C6, 
DKT18C6, a n d  T618C6. The t r a n s p o r t  t r e n d s  from macrocycle t o  
macrocycle f o r  each c a t i o n  a r e  s i m i l a r  t o  t h e  previous r e s u l t s  i n  
n e u t r a l  s o u r c e  s o l u t i o n s  i n  which 18C6 t r a n s p o r t e d  a l k a l i  c a t i o n s ,  
a l k a l i n e  e a r t h  c a t i o n s ,  Ag+ (4), and T1+  ( 1 7 )  b e t t e r  than T218C6. 
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  of t h e  macrocycles s t u d i e d ,  T18C6 
t r a n s p o r t s  Ag' and Pb2+  b e t t e r  than any o t h e r  macrocycle. Lamb, e t  
a l .  ( 5 )  observed t h a t  t h e r e  is an optimum l o g  K ( C H 3 0 H )  value f o r  
Mn+-macrocycle i n t e r a c t i o n  f o r  which M n +  t r a n s p o r t  i s  g r e a t e s t .  The 
t r a n s p o r t  of M n +  decreases  r a p i d l y  a s  t h e  l o g  K(CH30H) va lue  becomes 
l e s s  t h a n  or  g r e a t e r  t h a n  t h e  optimum v a l u e .  The optimum l o g  
K ( C H 3 O H )  va lues  were found t o  be  5.5-6.0 f o r  monovalent c a t i o n s  and 
6.5-7.0 f o r  divaLent  c a t i o n s .  The b e t t e r  t r a n s p o r t  of Ag+ and Pb2+ 
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TABLE 3 
P d 2 +  and M n +  Flux Values (Jw = moles t r a n s p o r t e d  ~ - ' - r n - ~ )  X l o8  

Through a 1.5M HNO3-CHC13-O.OlM H N O 3  B u l k  L i q u i d  Membrane System 
f o r  Source Phases Containing 0.05 M Pd(N0 ) /0 .05 M M ( N O 3 ) ,  

Mixtures  and Using Various Macrocycl ic  C a r r i e r s  3 . 2  

Cat ion  Macrocycles 

18C6 T18C6 T218C6 DKTl8C6 DKTl5C5 ~ 6 1  8C6a 

P d 2 +  
L i +  

Pd2+  
Na' 

Pd2+ 
K +  

Pd2+  
Rb+ 

Pd2+ 
cs+ 
Pd2+ 
Mg2+ 

Pd2+ 
Ca2+ 

Pd2+  
Sr2+ 

Pd2+b 
Ba2+b 

Pd2+c 
Ag+C 

Pd2+ 
T1+ 

Pd2+ 
Cd2+ 

Pd2+ 
Pb2+ 

0.2 
0.1 

0.1 
6 

0 
362 

0 
21 5 

0 
23 

0.  
0 .2  

0 
1 1  

0.6 
329 

0 
63 

0 
189 

0.1 
661 

0.1 
0 

0.1 
289 

38 56 
0 0 

49 54 
3 3 

36 61 
1 0.3 

37 61 
0 0 

51 56 
0.6 0 

40 58 
0.1 0.8 

41 59 
0 .3  0.4 

41 60 
0.1 0.1 

38 60 
8 0 . 2  

58 52 
8 2 

54 60 
0.1 0.1 

37 48 
0 0 

39 52 
7 2 

34  
0 

33 
3 

32 
0.4 

33 
0 

30 
0 

35 
0 

29 
0 .3  

32 
0 

31 
0.8 

1 8d 
0. 3d 

30 
0.1 

30 
0 

32 
0.2 

1 
0 .4  

2 
0 

2 
0 

1 
0 .2  

2 
0.1 

2 
0 

2 
0 .4  

1 
0.2 

1 
0 . 2  

2 
0 

1 
0.2 

0.1 
0 

0 
3 

0.1 
0.8 

0 
0 

0 
0 

0.1 
0 

0 
0 . 2  

0 
0.1 

0 
0 .3  
0.1 

2 

0 
0.1 

0 
0 

0 
0.2 

a P r e c i p i t a t i o n  occurred  a t  t h e  source  phase-membrane i n t e r f a c e ;  
bPd(N03)2 = 0.01 M, Ba(N03)2 = 0.01 M; CTemperature of c e l l  is 
-3O'C; dSmall amount of p r e c i p i t a t i o n  occurred  a t  t h e  r e c e i v i n g  
phase-membrane i n t e r f a c e .  
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w i t h  T18C6 a s  compared t o  18C6 and T2l8C6 is probably due t o  more 
o p t i m a l  l o g  K v a l u e s  f o r  Ag+-T18C6 and Pb2+-T18C6 i n t e r a c t i o n s  
r e l a t i v e  t o  t h e  corresponding 18C6 and T218C6 i n t e r a c t i o n s .  Table 2 
c o n t a i n s  l o g  K values  f o r  Mnc-macrocycle i n t e r a c t i o n s .  No l o g  K 
d a t a  a r e  a v a i l a b l e  f o r  AgC-T18C6 a n d  Pb2+-T18C6 i n t e r a c t i o n s ,  
however, t h e  va lues  would be expected t o  l i e  between t h o s e  f o r  t h e  
cor responding  18C6 and T218C6 i n t e r a c t i o n s .  S u b s t i t u t i o n  of oxygen 
donor atoms w i t h  s u l f u r  donor atoms i n c r e a s e s  t h e  l o g  K va lues  f o r  
Agc-macrocycle i n t e r a c t i o n  and decreases  t h e  l o g  K va lues  f o r  Pb2+- 
m a c r o c y c l e  i n t e r a c t i o n  a s  s e e n  i n  T a b l e  2 f o r  Ag+ and  P b 2 +  
i n t e r a c t i o n s  w i t h  18C6 and T218C6. The macrocycle T618C6 produces 
l i t t l e  t r a n s p o r t  f o r  any of t h e  c a t i o n s  s t u d i e d  except  Ag'. In  t h e  
c a s e  of Ag+, some t r a n s p o r t  occurs  i n  s p i t e  of t h e  presence of a 
whi te  p r e c i p i t a t e  formed a t  t h e  source  phase-membrane i n t e r f a c e .  
The presence of n i t r i c  a c i d  i n  t h e  source  phase has  produced c a t i o n  
f l u x e s  t h a t  a r e  of t h e  same magnitude as t h o s e  observed e a r l i e r  f o r  
n e u t r a l  s o u r c e  p h a s e  s o l u t i o n s  a t  t e n  t i m e s  t h e  c a t i o n  
c o n c e n t r a t i o n s  ( 4 ,  1 7 ) .  

Binary Salt Systems 

I n  c o m p e t i t i v e  t r a n s p o r t  e x p e r i m e n t s  f o r  b i n a r y  s y s t e m s  
c o n t a i n i n g  P d 2 +  and  one  o t h e r  c a t i o n ,  P d 2 +  is t r a n s p o r t e d  
s e l e c t i v e l y  over  t h e  o t h e r  c a t i o n  ( T a b l e  3 )  u s i n g  t h e  s u l f u r  
macrocycles ,  except  f o r  t h e  Pd2+/Na+-DKT1 5C5 system and s e v e r a l  of 
t h e  T618C6 systems.  The s e l e c t i v e  t r a n s p o r t  of Pd2+ over o t h e r  
c a t i o n s  w i t h  t h e  s u l f u r  macrocycles is  probably a r e f l e c t i o n  of t h e  
g r e a t e r  a f f i n i t y  of  s u l f u r  c o n t a i n i n g  macrocycles f o r  Pd2+ compared 
t o  t h a t  f o r  t h e  o t h e r  c a t i o n .  Transport  r e s u l t s  f o r  Ag+ and Pb2+  
(Table  1 )  show both of t h e s e  c a t i o n s  t o  have l a r g e r  f l u x e s  than Pd2+  
w i t h  T18C6 and T218C6 i n  s i n g l e  s a l t  systems.  However, compet i t ive  
b i n a r y  s t u d i e s  show Pd2+ t o  be t r a n s p o r t e d  s e l e c t i v e l y  i n  these 
systems.  This  phenomenon has  been observed befgre  (13 ) .  In t h e  
c a s e s  of T18C6 and T218C6, t h e  l o g  K va lues  f o r  t h e i r  i n t e r a c t i o n s  
w i t h  Ag+ and Pb2+  are  probably c l o s e r  t o  t h e i r  optimum values  than 
t h o s e  f o r  Pd2+, as i n d i c a t e d  by t h e  g r e a t e r  f l u x  va lues  of Ag+ and 
P b 2 +  w i t h  t h e s e  m a c r o c y c l e s  i n  s i n g l e  systems.  The s e l e c t i v e  
t r a n s p o r t  of Pd2+  over both Ag' and Pb2+ i n  t h e  b inary  systems us ing  
T18C6 a n d  T218C6 i n d i c a t e s  a g r e a t e r  s t a b i l i t y  f o r  t h e  
Pd2+-macrocycle complexes r e l a t i v e  t o  t h o s e  f o r  A g +  and Pb2+. 
Pre l iminary  c a l o r i m e t r i c  d a t a  show t h a t  t h e  l o g  K(1.0 M HN03) value 
f o r  Pd2+-T218C6 i n t e r a c t i o n  is much g r e a t e r  than  t h o s e  f o r  t h e  
corresponding i n t e r a c t i o n s  f o r  Ag+ and Pb2+. The l o g  K ( l . O  M H N O 3 )  
va lue  f o r  Pd2+-T218C6 i n t e r a c t i o n  is much g r e a t e r  than t h e  optimum 
value  f o r  d i v a l e n t  c a t i o n s .  T h i s  l a r g e  l o g  K value is probably 
r e s p o n s i b l e  f o r  t h e  f l u x  of Pd2+  w i t h  T218C6 being l e s s  than t h e  
f l u x e s  of Ag+ and Pb2+ wi th  T2l8C6. 
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