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SEPARATION SCIENCE AND TECHNOLOGY,22(2&3~.691~99,1987 

Transport af AgBrZ-, PdBr$-, and Auk+ in an Emulsion Membrane 
System Using K+-Oicyclohexano-l8-crown-6 as Carrier 

REED M. IZATT, GLEN A. CLARK, and JAMES J. CHRISTENSEN 

DEPARTMENTS OF CHEMISTRY AND CHEMICAL ENGINEEKING 
BRlGHAM YOUNG UNIVERSITY 
PROVO, UTAH 84602 

ABSTRACT 

S i l v e r ,  pal ladium, and gold have been t r a n s p o r t e d  
t h r o u g h  a 1 .5  M KBr/ to luene /O .025 M MgS2O3 ( o r  
Mg(N0 ) 3 )  e m u l s i o n  membrane s y s t e m  as AgBr2-, 
P d B r 4 $ -  a n d  A u B r 4 - ,  r e s p e c t i v e l y ,  u s i n g  
K+-dicycl~hexano-18-crown-6(DC18C6) as c a r r i e r .  The 
t r a n s p o r t  s t u d i e s  are c a r r i e d  o u t  i n  AgBr2-, PdBrq2-, 
and AuBr4- s i n g l e  s o l u t i o n s  and i n  AgBr~- /PdBr4~- ,  
AgBr2-/AuBr~-, and PdBr42-/AuBr~- b i n a r y  s o l u t i o n s .  
The presence  of DC18C6 i n  t he  t o l u e n e  membrane is 
found t o  g r e a t l y  enhance i o n  t r a n s p o r t .  When MgS203 
i s  i n  t h e  r e c e i v i n g  p h a s e ,  AuBrq- i s  f o u n d  t o  
t r a n s p o r t  well even wi thout  DC18C6 i n  the membrane. 
The t r a n s p o r t  of AgBr2-, P d B r h 2 - ,  and AuBrq- is 
g r e a t e r  f o r  t h o s e  s y s t e m s  c o n t a i n i n g  MgS203 i n  t h e  
r e c e i v i n g  phase t h a n  f o r  t h o s e  with Mg(N03)2. I n  
b i n a r y  s t u d i e s  wi th  MgS203 i n  t h e  r e c e i v i n g  phase ,  
PdBrQ*- is t r a n s p o r t e d  s e l e c t i v e l y  over AgBr2- and 
AuBt-4- is t r a n s p o r t e d  s e l e c t i v e l y  over e i ther  PdBrQ2- 
o r  AgBrz-. 

INTRODUCTION 

M a c r o c y c l e s  have been used as c a t i o n  c a r r i e r s  i n  emulsion 
l i q u i d  membranes f o r  t h e  t r a n s p o r t  of c a t i o n s  a c r o s s  an o therwise  
impermeable o r g a n i c  membrane (1-7). Concurrent  t r a n s p o r t  of an 
an ion  with the c a t i o n  o c c u r s  when n e u t r a l  macrocycle carriers are 
u s e d .  R e c e n t l y ,  t h e  t r a n s p o r t  of t h e  metal a n i o n i c  complex, 
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692 IZATT, CLARK, AND CHRISTENSEN 

AgBrz-, by Mn+-DC18C6 carriers was shown, where Mn+ = K+ , Na', or 
Li ' ,  and where Mn+ is t h e  co- t ranspor ted  c a t i o n .  I n  these cases, 
t h e  t r a n s p o r t  ra te  of AgBr2- was found t o  be c o r r e l a t e d  t o  the  log  
K va lue  f o r  the Mn+-DC18C6 i n t e r a c t i o n  (8) .  Thus, t r a n s p o r t  of 
AgBr2- was g r e a t e s t  i n  t h e  c a s e  of K+ because of t h e  l a r g e r  l o g  
K(H20) v a l u e  for K+-DC18C6 i n t e r a c t i o n  compared t o  t h o s e  for t h e  
o t h e r  Mn+-DC18C6 i n t e r a c t i o n s .  

A de s i r e  t o  s t u d y  t r a n s p o r t  behavior  of other metal  bromo 
a n i o n i c  complexes h a s  lead t o  t h e  p r e s e n t  s tudy .  The o b j e c t i v e s  of 
t h i s  work have been t o  i n v e s t i g a t e  K+-DC18C6-mediated t r a n s p o r t  of 
AgBr2-, PdBrl12-, and AuBrh- from s i n g l e  and b inary  s o l u t i o n s  of 
t h e i r  K+ sa l t s .  I n  t h e  c o m p e t i t i v e  t r a n s p o r t  s t u d i e s ,  b i n a r y  
mixtures  of two of t h e s e  complex an ions  a re  u s e d  i n  o r d e r  t o  
determine t r a n s p o r t  s e l e c t i v i t i e s .  The effect of r e c e i v i n g  phase 
c o m p o s i t i o n  on t r a n s p o r t  has  a l s o  b e e n  s t u d i e d  t h r o u g h  t h e  
i n c o r p o r a t i o n  of e i t h e r  MgS203 o r  Mg(N02)3 i n t o  the  r e c e i v i n g  
phase ,  

EXPERIMENTAL 

Hater ids 

The fo l lowing  m a t e r i a l s  were obta ined  i n  t h e  h i g h e s t  a v a i l a b l e  
p u r i t y  from the i n d i c a t e d  sources :  AgBr and AuBr3 ( A l f a ) ;  PdBr2 
( A l d r i c h ) ;  KBr (Wasco); MgS203 ( F l u k a ) ;  Mg(N03)~ ( M a l l i n c k r o d t ) ;  
t o l u e n e  ( F i s h e r ,  s p e c t r a n a l y z e d )  ; Span 80 ( I C I  Americas) ; and 
DC18C6 (mixture  of isomers, Pa r i sh ) .  

Procedure 

S o l u t i o n s  of the K+ sa l t s  of AgBrz-, PdBrh2-, and AuBrq- were 
made by d i s s o l v i n g  e i ther  AgBr, PdBr2, or AuBr3 i n  1.50 M K B r .  
UV-Visible s p e c t r a  were run of t h e  yel low colored  s o l u t i o n s  of  
PdBrh2- and AuBr4-. Comparison wi th  l i t e r a t u r e  s p e c t r a  f o r  PdBrO2- 
(9) and AuBt-4- (10)  confirmed t h e  e x i s t e n c e  of t h e s e  s p e c i e s  i n  
s o l u t i o n .  

The emulsion membrane system c o n s i s t s  of an aqueous source  
phase c o n t a i n i n g  the  i o n ( s )  t o  be t r a n s p o r t e d  and an e m u l s i o n ,  
which i n  t u r n  c o n s i s t s  of an o r g a n i c  membrane phase and an aqueous 
r e c e i v i n g  phase i n t o  which t h e  ion(?.) are t o  be t r a n s p o r t e d .  The 
emulsion is prepared by b lending  16 ml of 0.025 M MgS203 o r  0.025 M 
Mg(N0 ) 2  r e c e i v i n g  phase ,  and 16 m l  of pure to luene  or  0.01 M 
D C 1 8 d  i n  t o l u e n e ,  with 0.48 m l  of t he  n e u t r a l  s u r f a c t a n t ,  Span 80 
( s o r b i t a n  monooleate) a t  high speed f o r  10 minutes .  The presence 
of e i ther  S2032_ o r  NO3- i n  t h e  r e c e i v i n g  phase w i l l  a f f e c t  i o n  
t r a n s p o r t  d r a m a t i c a l l y  because of t h e  s t r o n g  i n t e r a c t i o n s  of S2032- 
w i t h  Ag+ ( 1 1 )  and Pd2+ (12)  and because of t h e  weak i n t e r a c t i o n s  of 
NO3- wi th  Ag+ ( 1 1 )  and Pd2+ ( 1 3 ) .  

A small q u a n t i t y  of prepared emulsion (1.8 m l )  is added t o  
each of 4 t r a n s p o r t  c e l l s  (small beakers )  c o n t a i n i n g  9.0 m l  of 
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693 2 -  2 -  TRANSPORT OF AgBr , PdBrq , AND A u B r q -  

source  phase.  The c o n c e n t r a t i o n s  of t h e  bromo complexes a r e  -1 x 
10-3 M i n  t h e  s i n g l e  s o l u t i o n s  and -5 x M i n  the b inary  
s o l u t i o n s .  The dimensions of each t r a n s p o r t  c e l l  (beaker )  a r e  60.0 
mm i n  h e i g h t  by 28.5 mm i n  i n t e r n a l  diameter. A g l a s s  p r o p e l l e r  
s t i r rer  is suspended i n t o  each beaker and i s  used t o  mix emulsion 
i n t o  t h e  source  phase. I n  o r d e r  t o  achieve  r e p r o d u c i b l e  s t i r r i n g ,  
a l l  4 p r o p e l l e r s  a r e  t u r n e d  s i m u l t a n e o u s l y  a t  6 0 0  rpm b y  
s y n c h r o n o u s  H u r s t  m o t o r s  a t  room t e m p e r a t u r e  (21-24OC). The 
p r o p e l l e r s  are s topped a t  d i f f e r e n t  time i n t e r v a l s ;  3, 6 ,  10 ,  and 
15 minutes .  After s t i r r i n g  i s  s topped ,  t h e  emulsion i s  allowed t o  
s e p a r a t e  f o r  2 minutes b e f o r e  sampling the  s o u r c e  p h a s e .  The 
source  phase m e t a l s  a r e  analyzed w i t h  a Perkin-Elmer 603 atomic 
a b s o r p t i o n  spectrophotometer  (Norwalk, CT) u s i n g  t h e  method of 
s t a n d a r d  a d d i t i o n s .  Samples a t  time 0 are obta ined  by sampling t h e  
s o u r c e  p h a s e  b e f o r e  a d d i t i o n  of the emulsion. Three s e p a r a t e  
t r a n s p o r t  r u n s  a r e  made a t  each time i n t e r v a l  us ing  f r e s h  emulsion 
e a c h  time. The  s tandard  d e v i a t i o n s  between r u n s  average about  
+lo%. 

Emuls ion  breakage is determined f o r  each t r a n s p o r t  run  by 
Emulsion breakage i s  u s u a l l y  a n a l y s i s  of Mg2+ i n  t h e  source  phase.  

-2% f o r  15 minutes  of s t i r r i n g  and is never  more than  7%. 

RESULTS AND DISCUSSION 

Single Systems 

The  a d d i t i o n  of  DC18C6 ( F i g u r e  1 )  t o  t h e  t o l u e n e  phase 
i n c r e a s e s  t r a n s p o r t  of AgBr2-, PdBrq2- and AuBr4- as i n d i c a t e d  by 
t h e  d a t a  i n  Table  1 .  T h i s  i n c r e a s e  i n  t r a n s p o r t  is a d i r e c t  
consequence of increased  s a l t  p a r t i t i o n i n g  t o  the  membrane phase 
due t o  t h e  format ion  of l i p o p h i l i c  K-DC18C6' c a t i o n i c  complexes. 
P a r t i t i o n i n g  of t h e s e  complex an ions  is g r e a t e r  w i t h  K-DC18C6' than 
wi th  K'. I n  the case of t he  AuBrq-, t he  presence of DC18C6 i n  the 
membrane causes  a yel low p r e c i p i t a t e  t o  form i n  t h e  source  phase 
upon s t i r r i n g  w i t h  the emulsion. The p r e c i p i t a t e  d i s s o l v e s  a f t e r  
about  10 minutes  of s t i r r i n g .  The composi t ion of t h e  p r e c i p i t a t e  
is probably CK-DC18C6+1CAuBr4-1. I n  o r d e r  t o  avoid  p r e c i p i t a t i o n ,  
AuBt-4- t r a n s p o r t  e x p e r i m e n t s  were conducted i n  the absence of 

F ig .  1 .  Dicyclohexano-18-crown-6 (DC18C6). 
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694 IZATT,  CLARK, AND CHRISTENSEN 

TABLE 1 
C o n c e n t r a t i o n  ( p g / m l )  as a F u n c t i o n  of T i m e  of AgBr2-, 

PdBrq2-, and AuBr4- I n  Source  Phases  f o r  S i n g l e  Systems With 
or  Without DC18C6 and C o n t a i n i n g  0.025 M MgS203 o r  0.025 M 

Mg (NO3 2. 

0.01 M DC18C6 No DC18C6 

I on Minutes  MgS203 Mg(N03)2 MgS203 Mg (NO3 1 2 

AgBr2- 0 104 107 107 101 

3 76 82 99 100 

6 65 72 98 103 
10 49 62 93 98 

15 47 62 89 101 

0 114 106 113 98 

3 77 95 111 96 

6 67 93 107 97 

1 5  26 88 100 97 

10 46 93 105 92 

Pd Br q2- 

AuBr4- 0 200 195 226 227 

- - 3 183 220 

- - 6 160 225 

- - 1 0  146 220 

1 5  6 35 115 209 

DC18C6. 
1 ) .  

Thus, AuBrq- t r a n s p o r t s  even wi thou t  DC18C6 p r e s e n t  (Tab le  

Rece iv ing  phase  compos i t ion  a lso has a d r a m a t i c  i n f l u e n c e  on 
i o n  t r a n s p o r t .  T r a n s p o r t  t o  t h e  MgS2O3 r e c e i v i n g  phase  is g r e a t e r  
t h a n  t r a n s p o r t  t o  t h e  Mg(N0312 r e c e i v i n g  phase  (Tab le  1 ) .  These 
r e s u l t s  are c o n s i s t e n t  w i t h  t h e  g r e a t e r  a f f i n i t y  of S2O3’- ove r  
NO3- for  A g ( I ) ,  P d ( I 1 )  and A u ( I I 1 ) .  The l o g  63(H2O) v a l u e  f o r  Ag+- 

and t h e  l o g  64(H2O) v a l u e  f o r  Pd2+-4S2032- i n t e r a c t i o n s  a r e  
14.2 (11 )  and 35 ( 1 2 ) ,  r e s p e c t i v e l y .  By comparison,  t h e  l o g  K(H20) 
v a l u e s  f o r  Ag+-N03- and Pd2+-N03- i n t e r a c t i o n s  are -0.2 ( 1 1 )  and 
1 . 2  ( l 3 ) ,  r e s p e c t i v e l y .  No l o g  K ( H 2 0 )  data  are a v a i l a b l e  f o r  t h e  
i n t e r a c t i o n  of A u ( I I 1 )  s p e c i e s  w i t h  e i t h e r  S2032-  o r  NO3-. 
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2 -  TRANSPORT OF AgBr*-, PdBrq , AND AuBr4- 695 

However, t h e  much f a s t e r  t r a n s p o r t  of AuBt-4- wi th  s ~ O 3 ~ -  than w i t h  
NO3- is evidence for  g r e a t e r  a f f i n i t y  of Au(I I1)  f o r  S2032- than  
f o r  N O 3 - .  Addi t ion of S2O3- t o  AuBr4- source  s o l u t i o n s  r e s u l t s  i n  
a s o l u t i o n  c o l o r  change from y e l l o w  t o  c o l o r l e s s ,  i n d i c a t i n g  
complexation of Au(I I1)  by S2O3*-. 

Binary Systems 

When MgS20 is  i n  t h e  r e c e i v i n g  phase and DC18C6 is i n  t h e  
membrane, PdBrq2- is t r a n s p o r t e d  s e l e c t i v e l y  over AgBr2- ( F i g u r e  
2 ) .  S u b s t i t u t i o n  of Mg(N0312 f o r  MgS20 r e s u l t s  i n  decreased  
t r a n s p o r t  of both PdBrq2- and AgBr2- ?21 and 26% t r a n s p o r t ,  
r e s p e c t i v e l y ,  a t  15 minutes) .  The g r e a t e r  t r a n s p o r t  of PdBrq2- i n  
t h e  MgS203 system probably r e s u l t s  from t h e  much g r e a t e r  a f f i n i t y  
of S2O3'- f o r  Pd2+ (12)  than  f o r  Ag+ ( 1  1 1. 

I n  compet i t ive  t r a n s p o r t  experiments ,  AuBr - is t r a n s p o r t e d  
s e l e c t i v e l y  over  both AgBr,- ( F i g u r e  3 )  and PdBrq2- ( F i g u r e  4 )  when 
MgS203 i s  i n  t h e  r e c e i v i n g  p h a s e .  When Mg(N03)2 is  i n  t h e  

F ig .  2.  

c 
b 

E 
P 
0 r 

c 

H /. 4 
0 w 

0 5 10 15 

Minutes 

P e r c e n t  t r a n s p o r t  of AgBr2- and PdBrq2- from a 
mixture  us ing  a 0.01 M DC18C6 i n  t o l u e n e  membrane 
0.025 M MgS203 r e c e i v i n g  phase.  

b inary  
and a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



696 IZATT, CLARK, AND CHRISTENSEN 

I 

0 5 10 15 

Minutes 

F i g .  3. P e r c e n t  t r a n s p o r t  of AgBr2- and A u B r 4 -  from a b inary  
mixture  us ing  a pure t o l u e n e  membrane and a 0.025 M MgS203 
r e c e i v i n g  phase. 

r e c e i v i n g  phase,  l i t t l e  t r a n s p o r t  is s e e n  fo r  any of t h e  metals. 
I n  these c a s e s ,  a t  t h e  15 minute  l e v e l ,  AgBr2- and AuBr4-showed 8 
and 12 p e r c e n t  t r a n s p o r t ,  r e s p e c t i v e l y ,  whi le  PdBrq- and AuBr4- 
each showed 14 p e r c e n t  t r a n s p o r t .  The e x p l a n a t i o n  f o r  the h igh  
t r a n s p o r t  r a t e s  of AuBr4- i n  t h e  systems conta in ing  MgS203 i s  
p r o b a b l y  two f o l d .  F i r s t ,  AuBrq- should p a r t i t i o n  more t o  the  
membrane phase than  PdBrq2- because of the less negat ive  hydra t ion  
e n t h a l p y  f o r  AuBr4- [ A H  = -40.9 kcal /mole (1411  than f o r  
P d B r q 2 -  [ A H  = -1 6$!!fr kcal/mole ( 1  4 )  3 .  These h y d r a t i o n  
e n t h a l p i e s  arhtYdcrdnsistent w i t h  t h e  expected lower s u r f a c e  charge 
d e n s i t y  of AuBrq- r e l a t i v e  t o  t h a t  of PdBr4Z-.  Both AuBrq- and 
PdBrb2- are low s p i n  square  p l a n a r  complexes with similar s i z e s .  
This  o c c u r s  because of t h e  similar ionic r a d i i  of f o u r  coord ina ted  
Au(I I1)  [r = 0.688 (1511 and Pd( I1 )  [r = 0.648 (1511 and because of 
t h e  same number of Br-  ions bonded t o  t h e  c e n t r a l  metal i o n  i n  each 
complex. The lower s u r f a c e  charge d e n s i t y  of AuBr4- is a r e s u l t  of 
its smaller charge and t h e  g r e a t e r  e l e c t r o n e g a t i v i t y  of Au(II1)  
versus  Pd(I1) .  The h y d r a t i o n  en tha lpy ,  AH , f o r  AgBr2- is not  
a v a i l a b l e  fo r  comparison w i t h  t h o s e  f o r  Au€&$&knd PdBrq2-. 
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2 -  TRANSPORT OF AgBr*-, PdBr4 , AND AuBr4- 697 

0 5 10 15 

Minutes 

Fig.  4 .  P e r c e n t  t r a n s p o r t  of PdBrq2-  and AuBr4-  from a b i n a r y  
mixture  us ing  a pure t o l u e n e  membrane and a 0.025 M MgS203 
r e c e i v i n g  phase. 

S e c o n d ,  i n  t h e  A u ( I I I ) / P d ( I I )  s y s t e m ,  t h e  l a r g e  i n c r e a s e  and 
s e l e c t i v e  t r a n s p o r t  of AuBrq- i n  going from t h e  Mg(NO3)2 t o  the  
MgS203 system s u g g e s t s  t h a t  t h e  l o g  K va lue  f o r  A u ( I I I ) - S ~ O ~ ~ -  
i n t e r a c t i o n  i s  about  equal  i n  magnitude t o  that  f o r  Pd(I1)-S 0 2- 
i n t e r a c t i o n .  I n  the PdBr~~--AgBrz-  b i n a r y  system, where P d B r ~ $ - ~ i s  
t r a n s p o r t e d  s e l e c t i v e l y ,  PdBrq2- t r a n s p o r t  l i k e  t h a t  of AuBrq- is 
g r e a t l y  improved w i t h  MgS203 i n  t h e  r e c e i v i n g  phase. Assuming 
s ~ O 3 ~ -  t o  have n e a r l y  equal  a f f i n i t y  f o r  Au(I I1)  i n  AuBr4- and f o r  
P d ( I 1 )  i n  PdBrq2- ,  the  s e l e c t i v e  t r a n s p o r t  of AuBrq- over PdBrq2- 
would t h e n  be a r e s u l t  of t h e  g r e a t e r  p a r t i t i o n i n g  of AuBr4- t o  t h e  
membrane phase.  The s e l e c t i v e  t r a n s p o r t  of AuBr4- over AgBr2- is 
probably a r e s u l t  of g r e a t e r  a f f i n i t y  of S ~ 0 3 ~ -  f o r  Au(I I1)  i n  
AuBrq- o v e r  t h a t  f o r  A g ( 1 )  i n  AgBr2-. Al though AuBr-4- may 
p a r t i t i o n  more t o  t h e  membrane phase than AgBrz-, p a r t i t i o n i n g  
would a l s o  be a major c o n t r i b u t i n g  f a c t o r  t o  t h e  s e l e c t i v e  
t r a n s p o r t  of AuBrq-. The l o g  K(H20) v a l u e s  f o r  A u ( I I I ) - S ~ O ~ ~ -  
i n t e r a c t i o n s  and t h e  h y d r a t i o n  e n t h a l p y ,  AHhydr , of AgBr2- need t o  
be determined b e f o r e  t h e  t r a n s p o r t  s e l e c t i v i t i e k  can be understood 
f u l l y .  
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CONCLUSIONS 

Bromo complexes of prec ious  metals a r e  t r a n s p o r t e d  through an 
emulsion l i q u i d  membrane c o n s i s t i n g  of 0.1 M DCl8C6 i n  to luene .  I n  
t h e  c a s e s  of AgBr2- and PdBr&*-, t h e  presence of DC18C6 i n  t h e  
t o l u e n e  phase and MgS203 i n  t h e  r e c e i v i n g  phase is a p r e r e q u i s i t e  
f o r  achiev ing  t r a n s p o r t  of 50% o r  g r e a t e r .  I n  t h e  case of AuBrb-, 
n e a r l y  50% t r a n s p o r t  occurs  from s i n g l e  s a l t  s o l u t i o n s  even without  
DC18C6 when MgS203 is i n  t h e  r e c e i v i n g  phase. 

I n  compet i t ive  t r a n s p o r t  experiments  involv ing  a mixture  of 
two of t h e  bromo complexes, PdBrh2- is t r a n s p o r t e d  s e l e c t i v e l y  over 
AgBr2- and AuBr4- is t r a n s p o r t e d  s e l e c t i v e l y  over e i t h e r  PdBrl12- or 
AgBr2- when MgS203 i s  i n  t h e  r e c e i v i n g  phase. The AuBt-4- t r a n s p o r t  
r e s u l t s  are p a r t i c u l a r l y  i n t e r e s t i n g  because approximately 97% of 
t h e  AuBrq- is t r a n s p o r t e d  compared t o  12% of t h e  PdBrQ2- and only 
6% of t h e  AgBr2-. 
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