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C h ap te r  I

INTRODUCTION

Background

Improved methods f o r  th e  d e te rm in a t io n  o f  t r a c e  m e ta ls  c o n t in u e  

to  be a  m a jo r  focus  o f  modem a n a l y t i c a l  c h e m is t ry .  One a p p l i c a t io n  

o f  th e s e  methods which i s  r e c e i v i n g  w id esp read  a t t e n t i o n  i s  the  de

t e rm in a t io n  o f  p o t e n t i a l l y  h aza rdous  m e ta ls  in  consumer p ro d u c ts ,

n o t a b ly  foods .  Trace  l e v e l s  o f  a  number o f  m e ta ls  a r e  known to  be
2

e s s e n t i a l  to  human p h y s io lo g i c a l  f u n c t io n .  However, a t  h ig h e r

l e v e l s  they  can e x h i b i t  a  d e l e t e r i o u s  e f f e c t .  T h is  ty p e  o f  b e h a v io r

i s  seen  w ith  c o b a l t ,  which i s  c l o s e l y  a s s o c i a t e d  w ith  v itam in

D e f ic ie n c y  o f  v i ta m in  3 ^  i-3 a  f a c t o r  in  p e r n i c io u s  anemia and v a r -
3

i o u s  m enta l and b e h a v io ra l  d i s o r d e r s .  A r e c e n t  example o f  the  

s e v e re  to x i c  e f f e c t s  o f  c o b a l t  a t  h ig h e r  l e v e l s  was dem onstra ted  by 

d e a th s  r e s u l t i n g  from th e  in g e s t io n  o f  b e e r  t o  which c o b a l t  had been 

added to  p re s e rv e  th e  foam l a y e r . ^  O ther m e ta l s ,  n o ta b ly  le a d  and 

m ercury , have no known b o d i ly  fu n c t io n  and a r e  to x ic  a t  q u i t e  low 

l e v e l s .

A l a r g e  a r s e n a l  o f  te c h n iq u e s  f o r  t r a c e  l e v e l  a n a l y s i s  o f
5

m e ta ls  i s  a v a i l a b l e  to  the a n a l y s t  and in c lu d e  pho tom etry , a tom ic

6 7s p e c t ro s c o p y ,  and e l e c t ro c h e m ic a l  a n a l y s i s .  Often d i f f i c u l t i e s

w ith  th e  sample measurement p ro c e s s  a re  m in im al,  w h ile  a  m a jo r  p o r 

t i o n  o f  th e  a n a l y s t ' s  e f f o r t s  may be d i r e c t e d  toward r e d u c t io n  o f ,  

o r  com pensation  f o r ,  i n t e r f e r e n c e s .

1
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An i n t e r f e r e n c e  may be b ro a d ly  d e f in e d  a s  any s u b s ta n c e  t h a t ,  

th rough  m a n i f e s t a t i o n  o f  i t s  chem ica l p r o p e r t i e s ,  c a u s e s  a  s i g n i f 

i c a n t  r e d u c t io n  i n  th e  a c c u racy  a n d /o r  p r e c i s i o n  o f  an a n a l y s i s .

A l a r g e  number o f  te c h n iq u e s  f o r  m in im iz in g  i n t e r f e r e n c e s  in  t r a c e  

m e ta l  d e te rm in a t io n s  have been s u g g e s te d ,  b u t  th e  most commonly 

p r a c t i c e d  a r e :  m asking, p r e c i p i t a t i o n ,  l i q u i d - l i q u i d  e x t r a c t i o n ,

o x i d a t i o n - r e d u c t i o n ,  and ch rom atog raph ic  s e p a r a t i o n  o f  the  a n a ly te  

from th e  i n t e r f e r a n t .  Of th e s e  te c h n iq u e s ,  chrom atography would 

a p p e a r  to  be th e  most g e n e r a l l y  a p p l i c a b l e  and th e  l e a s t  demanding 

e x p e r im e n ta l ly ,  ’f e t ,  ch rom a tog raph ic  sample p r e p a r a t i o n  has  been 

th e  l e a s t  w id e ly  a p p l i e d  te c h n iq u e  o f  th o se  l i s t e d  above, pe rhaps  

due to  a  l a c k  o f  s u f f i c i e n t l y  s e l e c t i v e  m a t e r i a l s  as  w e ll  as  r a p id  

methodology.

Chromatography, by d e f i n i t i o n ,  c o n s i s t s  o f  a  m obile  phase and 

a  s t a t i o n a r y  p h ase .  Gaseous mobile p h ases  have n o t  been p a r t i c 

u l a r l y  a p p l i c a b l e  to  t r a c e  m e ta l  a n a ly s e s  as  a  r e s u l t  o f  th e  l i m i t e d

v o l a t i l i t y  o f  most m e t a l l i c  compounds. The s e p a r a t i o n  and d e t e r -

8 9m in a t io n  o f  o rg a n o m e ta l l ic  compounds and c e r t a i n  m e ta l  c h e l a t e s

a r e  im p o r ta n t  e x c e p t io n s  to  t h i s  g e n e ra l  s ta t e m e n t .

L i q u id - s o l id  a d s o rp t io n  chrom atography was among th e  f i r s t  

ty p e s  o f  chrom atography to  be s tu d ie d  in  terms o f  i t s  m e ta l io n  

s e p a r a t io n  c a p a b i l i t i e s .  A book re v ie w in g  the  a p p l i c a t i o n  o f  

l i q u i d - s o l i d  chrom atography to  the s e p a r a t io n  o f  m e ta l  io n s  and 

m e ta l  complexes h as  been w r i t t e n  by M i c h a l . ^  The r e s o l u t i o n  

ac h ie v e d  i s  g e n e r a l ly  n o t  g r e a t  and d e c r e a s e s  w i th  i n c r e a s i n g
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sample s i z e  and co m p le x i ty .  This mode o f  chrom atography h as  been

a p p l i e d ,  f o r  th e  most p a r t ,  t o  the  s e p a r a t io n  o f  d i f f e r e n t  c o o r -

11d i n a t i o n  compounds o f  a  s p e c i f i c  m e ta l .  The c h e l a t i n g  groups 

tend  t o  d e c re a se  i n t e r a c t i o n  o f  th e  m e ta l w ith  th e  a d s o r b a n t .  

I r r e v e r s i b l e  a d s o r p t io n  i s  a  commonly e n c o u n te re d  d i f f i c u l t y .

As a  r e s u l t  o f  th e s e  p rob lem s, a  g e n e ra l  p ro ced u re  f o r  th e  fo rm a t io n  

and s e p a r a t io n  o f  c h e l a t e s  f o r  th e  a n a l y s i s  o f  complex m ix tu re s  h a s  

n o t  ap p ea red .

L i q u i d - l i q u i d ,  a l s o  known as  p a r t i t i o n  o r  e x t r a c t i o n ,  chroma

to g rap h y  has  been s u c c e s s f u l l y  a p p l ie d  to  th e  s e p a r a t i o n  o f  a  wide

12v a r i e t y  o f  m eta l io n s ,  n o ta b ly  th e  r a r e  e a r t h s .  In  t h i s  type  o f  

chrom atography a  bu lky  c o o r d in a t in g  compound i s  d i s s o lv e d  in  an 

o rg a n ic  s o lv e n t ,  s l u r r i e d  w i th  a  s o l i d  s u p p o r t ,  and th e  c o a te d  sup

p o r t  packed i n t o  a  column f o r  u se  w ith  aqueous m obile  p h a s e s .  

S e p a ra t io n  i s  e f f e c t e d  by e x p l o i t i n g  d i f f e r e n c e s  between th e  m e ta l  

i o n s '  a b i l i t y  to  form c e r t a i n  c o o r d in a t io n  compounds and th e  p r e f 

e r e n t i a l  s o l u b i l i t y  o f  th e s e  compounds, o r  l a c k  t h e r e o f ,  i n  th e

o rg a n ic  phase .  The s u b j e c t  h a s  been com prehensive ly  rev iew ed  by

13Braun and G h e r s in i .  '  The m a jo r  d is a d v a n ta g e  o f  t h i s  ty p e  o f  

chrom atography i s  th e  g ra d u a l  l o s s  o f  th e  o rg a n ic  phase w ith  tim e 

and th e  r e s u l t i n g  l o s s  o f  r e s o l u t i o n  and r e p r o d u c i b i l i t y . ^  T h is  

l i m i t a t i o n  becomes even more s e v e re  when h i g h e r  flow r a t e s  a r e  used  

to  speed  up the  s e p a r a t i o n . ^

P a p e r  chrom atography , a  v a r i a n t  o f  l i q u i d - l i q u i d  chrom atog

raphy , h a s  a l s o  been a p p l ie d  t o  in o rg a n ic  s e p a r a t i o n s . ^  I t s  m a jo r
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l i m i t a t i o n s  a r e  d i f f i c u l t i e s  in  th e  q u a n t i t a t i o n  and th e  lo n g  

p e r io d s  o f  tim e r e q u i r e d  f o r  th e  s e p a r a t i o n  o f  complex m ix tu re s  

o f  m e ta l  i o n s .  These l i m i t a t i o n s  a l s o  ap p ly  to  t h i n  l a y e r  c h ro 

m atography.

The io n  exchange mode o f  l i q u i d - s o l i d  chrom atography  i s  c u r 

r e n t l y  th e  most w id e ly  u sed  ch ro m a to g rap h ic  method f o r  th e  s e p a r a 

t i o n  o f  m e ta l  i o n s . ^  T h is  ty p e  o f  chrom atography  i s  i n h e r e n t l y  

l i m i t e d  by i t s  l a c k  o f  s e l e c t i v i t y ,  i . e . ,  m e ta l  io n s  o f  th e  same 

c h a rg e  and s i m i l a r  s i z e  a r e  d i f f i c u l t  t o  s e p a r a t e .  T h is  l i m i t a t i o n  

may be overcome f o r  s p e c i f i c  a p p l i c a t i o n s  by the  a d d i t i o n  o f  one o r  

more a u x i l i a r y  com plex ing  a g e n ts  t o  th e  m obile  phase  in  o r d e r  to  

a l t e r  th e  c h a rg e  o r  s i z e  o f  a  p a r t i c u l a r  s p e c i e s  and th u s  e f f e c t  

i t s  e l u t i o n  from th e  column. In  o r d e r  t o  accomodate a  v a r i e t y  o f

sam ple ty p e s ,  a  g r e a t  d e a l  o f  m a n ip u la t io n  o f  e l u t i o n  c o n d i t io n s

16h as  been found to  be n e c e s s a r y .  The a d d i t io n  o f  s t r o n g  a c id s  o r

com plex ing  a g e n t s  i s  a  drawback i f  a  c o l l e c t e d  f r a c t i o n  i s  to  be

17q u a n t i t a t e d  by a n o th e r  method. In  a d d i t i o n ,  the  c o r r o s iv e  s o lu 

t i o n s  o f te n  employed n e c e s s i t a t e  th e  u se  o f  n o n m e ta l l i c  components 

o f  th e  ch rom atograph  which a r e  n o t  r e a d i l y  a v a i l a b l e  f o r  h ig h  p r e s 

s u r e  work.

To i n c r e a s e  s e l e c t i v i t y ,  c h e l a t i n g  r e s i n s  have been d ev e lo p ed .  

The most w id e ly  used  r e s i n s  o f  t h i s  type i n c o r p o r a t e  th e  im ino

d i a c e t i c  a c id  f u n c t i o n a l  g roup  and a r e  com m erc ia lly  a v a i l a b l e  from 

s e v e r a l  s o u r c e s .  These r e s i n s  o f f e r  somewhat g r e a t e r  s e l e c t i v i t y  

than  c o n v e n t io n a l  s t r o n g  io n  exchange r e s i n s ,  how ever a u x i l i a r y
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c o o r d i n a t i n g  a g e n ts  a r e  s t i l l  n e c e s s a ry  f o r  complex m ix tu r e s .  

O p t im iz a t io n  o f  e l u t i o n  c o n d i t i o n s  when u s i n g  r e s i n s  o f  t h i s  type 

o f t e n  in v o lv e s  e x t e n s iv e  c a l c u l a t i o n s .

o p o ra d ic  a t t e m p ts  have been made to  i n c o r p o r a t e  more s e l e c t i v e

c h e l a t i n g  groups  i n t o  r e s i n s .  N o tab le  among th e s e  s t u d i e s  a r e  the

18 19i n c o r p o r a t io n  o f  p y r i d i n e - 2 ,6 - d i c a r b o x y l i c  a c i d ,  s a l i c y l i c  a c id ,

20 21 d i e t h y ld i th io c a r b a m a t e ,  4 - ( 2 ' - p y r i d y l a z o ) - r e s o r c i n o l , ' and

228 -h y d ro x y q u in o l in e .  For th e  most p a r t ,  good s t a b i l i t y  and s e l e c 

t i v i t y  were r e p o r te d  in  the  above s t u d i e s .

H es in s ,  in  g e n e r a l ,  have c h a r a c t e r i s t i c s  which l i m i t  t h e i r  use 

in  h ig h  perform ance l i q u i d  ch rom atography . Even th o se  r e s i n s  which 

p o s se s s  a  r e l a t i v e l y  h ig h  d eg ree  o f  c r o s s l i n k i n g  e x h i b i t  a  c e r t a i n  

amount o f  n o n r i g i d i t y .  Chrom atographic r e s i n s  tend to  s h r in k  o r  

s w e ll  w ith  changes i n  io n i c  s t r e n g t h ,  te m p e ra tu r e ,  and pH, a s  w ell 

a s  u n d e rg o in g  d e fo rm a tio n  a t  h ig h  flow r a t e s . ^  The n e t  e f f e c t  i s  

the  o c c u r re n c e  o f  column v o id s  a n d / o r  r e s i n  d e g r a d a t io n .  P e l l i c u l a r  

ion  exchange m a t e r i a l s  do n o t  s h r in k  o r  s w e l l ,  b u t  p o s s e s s  much 

low er  c a p a c i t i e s  th a n  o r d in a ry  r e s i n s .  I t  can  th u s  be s e e n  t h a t  a  

r i g i d  s u p p o r t  f o r  ch ro m a to g rap h ic  pack ings  i n c o r p o r a t i n g  a  s e l e c t i v e  

f u n c t i o n a l i t y  i s  d e s i r a b l e .

Bonded p h a s e s ,  d eve loped  to  overcome b le e d in g  o f  the  o rg a n ic  

phase in  l i q u i d - l i q u i d  chrom atography , a re  c u r r e n t l y  p l a y in g  an 

im p o r ta n t  r o l e  in  modem chrom atography . rhe o rg a n ic  phase  i s  chem

i c a l l y  bonded to  s i l i c a  th rough  s i lo x a n e  l i n k a g e s  and i s  th u s  q u i t e

s t a b l e .  A g e n e ra l  rev iew  d e a l i n g  w ith  th e  p r e p a r a t i o n  and u t i l i t y
23o f  bonded phases  h a s  been w r i t t e n  by Cox. '  Although th e  g r e a t e s t
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a p p l i c a t i o n  o f  bonded phases  has  been d i r e c t e d  toward o rg a n ic  sepa

r a t i o n s ,  some work h as  been done w ith  m e ta l io n s .  The c o n ce p t  o f  

a  bonded phase  c o n t a in in g  a  s e l e c t i v e  c h e l a t i n g  group f o r  th e  m etal 

io n s  o f  i n t e r e s t  a p p e a rs  to  p o s se ss  s e v e r a l  adv an tag es  o v e r  o th e r  

ch ro m a to g rap h ic  ty p es  o f  s e p a r a t io n  methods and th e r e f o r e  i s  the  

s u b j e c t  o f  t h i s  s tu d y .

Approach Taken

The d e s i r e d  c h a r a c t e r i s t i c s  f o r  an im m obilized  c h e l a t i n g  group 

a r e :  lo n g - te rm  s t a b i l i t y ,  pH dependence o f  c h e l a t i o n ,  and s u i t a b l e

r e a c t i v i t y  toward th e  im m o b il iz a t io n  r e a c t i o n .  The f i r s t  c r i t e r i o n  

needs  l i t t l e  f u r t h e r  d i s c u s s io n ,  ex ce p t  to  p o in t  o u t  t h a t  some, 

o th e rw is e  e x c e l l e n t ,  c h e l a t i n g  a g e n t s ,  such a s  d i t h i z o n e  and d i -  

e th y ld i t h io c a r b a m a te ,  a r e  d i s q u a l i f i e d  by t h i s  r e q u ire m e n t .  The 

need  f o r  pH dependence o f  c h e l a t e  fo rm atio n  a r i s e s  from the  d e s i r e  

f o r  a  s im p le  method o f  e l u t i o n .  In  t h i s  r e s p e c t ,  i t  sh o u ld  be n o ted  

t h a t  s i l i c a  b e g in s  to  undergo  s i g n i f i c a n t  d i s s o l u t i o n  a t  pH v a lu e s  

g r e a t e r  th an  8; c o n s e q u e n t ly ,  an a c i d i c  re g io n  o f  pH dependence i s  

r e q u i r e d .  However, th e  m obile phase must n o t  be to o  a c i d i c  i f  c o r 

r o s iv e  a t t a c k  on th e  m e t a l l i c  components o f  th e  ch rom atograph ic  

a p p a ra tu s  i s  to  be av o id ed .  The t h i r d  c r i t e r i o n  a r i s e s  from the  

f a c t  t h a t  i t  i s  im p o ss ib le ,  in  most c a s e s ,  to  d i r e c t l y  bond th e  

c h e l a t i n g  a g e n t  to  s i l i c a  because o f  the  h ig h  r e a c t i v i t y  o f  the  

c h l o r o -  and a l k o x y s i l a n e s  used  f o r  th e  p r e p a r a t io n  o f  bonded p h ases .  

T h is  n e c e s s i t a t e s  a  s e r i e s  o f  r e a c t i o n s  which must p roceed  c l e a n ly  

and in  h ig h  y i e l d  f o r  th e  p ro d u c t io n  o f  a  u s e f u l  ch rom a tog raph ic
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m a t e r i a l .  Im m o b il iz a t io n  by means o f  d i a z o t i z a t i o n  o f  an a ro m a tic  

amine fo llow ed  by c o u p l in g  o f  th e  c h e l a t i n g  g roup  i s  a  r e l a t i v e l y  

common approach  to  m e e tin g  t h i s  req u ire m e n t  and th e  one chosen  f o r  

t h i s  s tu d y .

With th e  above c r i t e r i a  i n  mind, th e  l i t e r a t u r e  was th o ro u g h ly  

s e a rc h e d  and 8 -h y d ro x y q u in o l in e  ( i )  was s e l e c t e d  f o r  the  p r e s e n t  

i n v e s t i g a t i o n .  T h is  compound h as  lo n g  been r e c o g n iz e d  a s  a  n e a r ly  

u n iv e r s a l  p r e c i p i t a n t  f o r  m eta l io n s^  and th u s  i s  l i k e l y  to  have a  

b road  range  o f  a p p l i c a b i l i t y .

OH

7

6

5 4

( I )

The pH dependence o f  c h e l a t e  fo rm a t io n  f o r  t h i s  l i g a n d  i s  

n e a r l y  i d e a l ,  w ith  pK v a lu e s  o f  5 .0  and 9 .65  f o r  th e  a ro m a tic3>

n i t r o g e n  and hyd roxy l g roups  r e s p e c t i v e l y . ' The p h e n o l ic  hyd roxy l

group i s  s t r o n g l y  e l e c t r o n - r e l e a s i n g ,  making 8 -h y d ro x y q u in o l in e

q u i t e  r e a c t i v e  toward d ia z o - c o u p l in g  a t  th e  5 p o s i t i o n .  While

th e s e  h ig h ly  d e s i r a b l e  c h a r a c t e r i s t i c s  have been reco g n ized  by

p re v io u s  w o rk e rs ,  th e y  have n o t  been f u l l y  e x p l o i t e d .

25Vernon and E c c le s  have rev iew ed  th e  l i t e r a t u r e  on r e s i n s  

c o n t a in in g  8 -h y d ro x y q u in o l in e  and have r e p o r t e d  t h a t  th e s e  r e s i n s
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have some u t i l i t y ,  b u t  a l s o  t h a t  t h e i r  c h a r a c t e r i s t i c s  v a r i e d  

g r e a t l y  depending  upon th e  method o f  p r e p a r a t i o n .  Some o f  th e  

l i m i t a t i o n s  d is c u s s e d  in c lu d e d  low c a p a c i t y ,  slow  e q u i l i b r a t i o n ,  

and h ig h  d e g re e s  o f  s w e l l i n g .  An i n d i c a t i o n  o f  th e  p o t e n t i a l  o f

26c h e m ic a l ly  bonded 6 -h y d ro x y q u in o l in e  was g iv e n  by S lo v ak ,  e t  a l . ,  

who d ia z o -c o u p le d  8 -h y d ro x y q u in o l in e  t o  a  g ly c o m e th a c ry la te  polym er. 

They found t h a t  m ix tu re s  o f  z i n c ( l l )  and cad m iu m (l l) ,  a s  w e l l  as  

th o se  o f  m a n g a n e se ( I I ),  c o b a l t ( l l ) ,  i r o n ( l 3 l ) ,  and c o p p e r ( l l )  cou ld  

be s e p a ra te d  by e l u t i o n  w ith  0 .2  M to  A M HC1. Adequate s t a b i l i t y  

up to  2 M a c id  c o n c e n t r a t i o n s  was r e p o r te d .  The po lym eric  s u p p o r t ,  

however, was n o t  s u i t a b l e  f o r  h ig h  p r e s s u r e  o p e ra t io n  and conse

q u e n t ly  n e c e s s i t a t e d  a  slow f low  r a t e  o f  0 .5  m l/m in. F r e i s e r  and 

17J e z o re k  have d ia z o -c o u p le d  8 -h y d ro x y q u in o l in e  to  s i l i c a ,  u s in g  the

27p ro ced u re  o f  H i l l .  T h is  m a t e r i a l  was shown to  be c a p a b le  o f  s e p a 

r a t i n g  m ix tu re s  o f  z i n c ( l l ) ,  manganese( I I ) ,  c a d m iu m (l l) ,  l e a d ( l l ) ,  

c o b a l t ( l l ) ,  and n i c k e l ( l l )  u s in g  m ild  e l u t i o n  c o n d i t io n s  and no 

a u x i l i a r y  com plexing  a g e n t s .  The c a p a c i t y  and e f f i c i e n c y  o f  t h e i r  

pack in g  were r a t h e r  low, b e in g  ab o u t 5 0  m ic ro e q u iv a le n ts  p e r  gram 

and 0 .2  to  0 .5  mm p e r  p l a t e  r e s p e c t i v e l y .

In  th e  p r e s e n t  i n v e s t i g a t i o n  i t  was f e l t  t h a t  d i a z o - c o u p l in g  o f  

8 -h y d ro x y q u in o l in e  to  s i l i c a  was the  most p ro m is in g  method f o r  

o b ta in in g  a  h igh  perfo rm ance  ch rom a tog raph ic  column m a t e r i a l  c a p a b le  

o f  s e p a r a t i n g  th e  m e ta l io n s  o f  i n t e r e s t  from i n t e r f e r a n t s .  The 

r e a c t io n  scheme employed i s  o u t l i n e d  in  F ig u re  1. S e v e ra l  improve

ments on th e  p r e v io u s ly  r e p o r te d  methods o f  p r e p a r a t io n  seemed to  

be a p p r o p r i a t e .  For example, i t  was f e l t  t h a t  th e  c a p a c i t y  o f  th e
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F ig u r e  1

R e a c t i o n  S eq u e n c e  f o r  th e  P r e p a r a t io n  o f  
8 -H y d r o x y q u in o l in e -B o n d e d  S i l i c a

B e n z o y l a t i o n

Si(CH2 )3-NH2 + ci+ C , l -N0„ 9
Si(CH2)-NH-C-

R e d u c t i o n

9 9
Si(CHgJjNH*C ) f H 0 Z   >  S i(C H 2 ^ N H -C N H ,

D i a z o t i z a t i o n

s i(CH2)-NH- NH ■> S i(C H 2 )3- nhX

Coup l i ng

9
Si(CH 2 )-N H -C ■N_ + DIO.

N=N OH
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column co u ld  be s i g n i f i c a n t l y  in c r e a s e d  th rough  o p t im iz a t io n  o f  th e

r e a c t i o n s  l e a d i n g  to  th e  im m o b i l iz a t io n  o f  8 -h y d ro x y q u in o l in e .

C o n seq u en t ly ,  model compounds were p re p a re d  u t i l i z i n g  the  r e a c t i o n s

p e rm it  evstlncitiori of* p ro c e d u re s  i n  te rm s of* th e  y i e l d  of* d e s i r e d

p ro d u c t  and p o s s i b l e  c o m p l ic a t io n s .  One such c o m p l ic a t io n ,  n o te d

17by  F r e i s e r  and J e z o re k ,  i s  th e  fo rm a t io n  o f  e le m e n ta l  s u l f u r  

when u s in g  d i t h i o n i t e  i n  th e  r e d u c t io n  s t e p .  P r e l im in a ry  e x p e r i 

m ents  were conduc ted  f o r  th e  purpose  o f  s e l e c t i n g  a  re d u c in g  a g en t  

e f f e c t i v e  a t  lo w er  t e m p e ra tu re s  to  m inim ize  p o s s i b l e  h y d r o ly s i s  o f  

th e  amide l i n k a g e .  In  a d d i t i o n ,  th e  optimum c o n d i t i o n s  f o r  d ia z o -  

c o u p l in g  8 -h y d ro x y q u in o l in e  had n o t ,  a s  f a r  as  can be a s c e r t a i n e d  

from th e  l i t e r a t u r e ,  been employed. The r a t e  o f  th e  c o u p l in g  r e 

a c t i o n ,  and th u s  the  y i e l d  and p u r i t y  o f  p ro d u c t ,  i s  h ig h ly  depen-

28d e n t  upon th e  pH and th e  te m p e ra tu re .

A second approach  ta k e n  toward th e  o p t im iz a t io n  o f  column p e r

formance was from a  ch ro m a to g rap h ic  v ie w p o in t .  I t  i s  well-known 

t h a t  column e f f i c i e n c y  in c r e a s e s  w i th  d e c r e a s in g  p a r t i c l e  s i z e  o f  

th e  p ack in g  and t h a t  s p h e r i c a l  p a r t i c l e s  h a v in g  a  narrow  d i s t r i 

b u t i o n  o f  s i z e s  c o n t r i b u t e  s i g n i f i c a n t l y  to  column bed u n i f o r m i t y . 1^ 

F o r  th e s e  r e a s o n s  a  f i v e  micron s p h e r i c a l  p a c k in g  m a te r i a l  h av in g  

a  narrow  d i s t r i b u t i o n  o f  s i z e s  was s e l e c t e d .  Through im p lem en ta t ion  

o f  th e  above app roaches  i t  was hoped t h a t  the  f u l l  p o t e n t i a l  f o r  

m e ta l  io n  s e p a r a t i o n s  w ith  8 -h y d ro x y q u in o l in e -b o n d ed  s i l i c a  might 

be e v a lu a te d .
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C h ap te r  I I

BXPKRIM3NTAL

R eagen ts

In o rg a n ic  ch em ica ls  were o f  a n a l y t i c a l  r e a g e n t  g rade  ( j . T .  

R aker  Co.)* The o rg an ic  s o lv e n t s  used were ACS r e a g e n t  grade  

(M a l l in c k ro d t )  w i th  the  e x c e p t io n s  o f  e t h y l  a c e t a t e  and ys'o e t h a n o l ,  

which were o f  th e  type commonly enco u n te red  in  the  chem ica l l a b o r a 

t o r y .  Organic r e a g e n ts  were used as  r e c e iv e d  u n le s s  o th e rw ise  

n o t e d .

P r e l im in a ry  E xperim ents

A s o l u t i o n  o f  T i ( l l l )  was p rep a red  by a l lo w in g  a  0 .02  M s o l u t i o n  

o f  T i(30^)2  to  s ta n d  in  c o n t a c t  w ith  z inc  m e ta l .  The ex ce ss  z in c  

m e ta l  was removed by the  a d d i t i o n  o f  s u l f u r i c  a c id  im m edia te ly  

p r i o r  to  u s e .  F i f t y - m i l l i g r a m  p o r t i o n s  o f  4 -n i t ro b en zam id e  and 

2 - n i t r o a n i l i n e  (b o th  o b ta in e d  from Kastman Organic Chem icals) were 

p la c e d  in  s e p a r a t e  t e s t  tu b e s ,  20 ml o f  T i ( l l l )  s o l u t i o n  added to  

e a c h ,  and the  tu b e s  s to p p e re d .  The tu b e s  were then  shaken i n t e r 

m i t t e n t l y  and a l low ed  to  s ta n d  o v e rn ig h t  a t  room te m p e ra tu re .  The 

p u rp le  c o l o r  o f  th e  T i ( l l l )  io n  was observed  to  fade  s low ly  and was 

d is c h a rg e d  o v e rn ig h t  i n  th e  c a s e  o f  A -n itro b en zam id e ,  w hereas th e  

2 - n i t r o a n i l i n e  s o l u t i o n  d id  n o t  undergo any change in  c o l o r .  The 

T i ( l l l )  r e d u c t io n  r e a c t i o n s  were th u s  i n e f f i c i e n t  a t  room tem per-
^ o

a t u r e .  S ig g ia  h as  found t h a t  te m p e ra tu re s  o f  70 to  100 °C a re

11
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o f te n  n e c e s s a ry  f o r  the  q u a n t i t a t i v e  r e d u c t io n  o f  a ro m a t ic  n i t r o  

compounds to  the  c o r re s p o n d in g  amine w ith  T i ( l l l ) .

A 1 .0 - g  p o r t i o n  o f  4 -n i t ro b e n z a m id e  was mixed w ith  75 nil o f  

a  0 ,5  H s o l u t i o n  o f  SnClg which was a l s o  ? M in  HC1 in  a  100-ml 

round bottom  f l a s k .  The m ix tu re  was h e a te d  a t  50 °0 w i th  s t i r r i n g  

f o r  two h o u rs .  A f t e r  c o o l in g ,  5 ml o f  c o n c e n t r a te d  HC1 was added 

and th e  s o l u t i o n  was e x t r a c t e d  w ith  100 ml o f  e t h y l  a c e t a t e .  The 

r e a c t i o n  m ix tu re  was then made s t r o n g ly  b a s ic  w ith  50'. o NaOH and r e 

e x t r a c t e d  w ith  a  f r e s h  100-ml p o r t i o n  o f  e t h y l  a c e t a t e .  The evap

o r a t i o n  o f  t h i s  o rg a n ic  l a y e r  gave 0. J4 g o f  ta n  c r y s t a l s  h a v in g  a  

m e l t i n g  p o in t  o f  1 7 9  °0 ,  which co rresponded  to  a  4 1  a y i e l d  o f  impure 

4-aminobenzamide ( l i t e r a t u r e ^ 0 m e l t in g  p o in t  185 °C ). A p p a re n t ly ,  

h i g h e r  te m p e ra tu re s  a re  n e c e s s a ry  in  o r d e r  f o r  s ta n n o u s  ion  to  be 

an e f f i c i e n t  r e d u c in g  a g e n t .

S e v e ra l  1 .0 - g  p o r t i o n s  o f  4 -n i t ro b e n z a m id e  were r e a c t e d ,  a t  

room te m p e ra tu re ,  w ith  a  ? 5 0 % ex cess  o f  C r ( l l )  s o l u t i o n s  o f  v a ry in g  

c o n c e n t r a t i o n  and a c i d i t y .  'These s o l u t i o n s  were p re p a re d  by t r e a t 

ment o f  aqueous CrCl^ s o l u t i o n s  w ith  e x c e ss  z inc  m e ta l .  The so 

l u t i o n s  were then  s t o r e d  u n d e r  hydrogen and f i l t e r e d  j u s t  p r i o r  to  

u s e .  The c o l o r  o f  the  chromous ion  s o l u t i o n  was ob se rv ed  to  change 

r a p i d l y  from b lu e  to  g reen  upon the  a d d i t i o n  o f  th e  s o l u t i o n  t o  the  

n i t r o  compound. The a c i d - i n s o l u b l e  r e a c t a n t  was c o m p le te ly  d i s 

so lv e d  o v e r  a  p e r io d  o f  s e v e r a l  h o u rs .  A ttem pts  to  e x t r a c t  the  

p ro d u c t  by v a r io u s  means were n o t  f r u i t f u l .
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Chromous ion  was s e l e c t e d  f o r  f u r t h e r  s tu d y  on th e  b a s i s  o f

th e  r a p id  c o l o r  change and th e  d i s s o l u t i o n  o f  the n i t r o  compound.
?u

Also, S ig g ia  has d e sc ib e d  th e  d e te r m in a t io n  o f  a ro m a tic  n i t r o  

compounds u t i l i z i n g  chromous ion  as  a  q u a n t i t a t i v e  re d u c in g  a g e n t  

a t  room te m p e ra tu re  in  many c a s e s .

S y n th e s i s  o f  Model Compound

Chloroform  was f r e e d  o f  e th a n o l  by e x t r a c t i o n  w ith  s u l f u r i c  

a c i d ,  fo llow ed  by w ash ing  w ith  w a te r  and d i s t i l l a t i o n  from CaCl^.

A 50-g  p o r t io n  (0 .? 7  mole) o f  4 - n i t r o b e n z o y l  c h l o r i d e  (Eastman 

O rganic  ChemicaLs) was d i s s o lv e d  in  500 ml o f  e t h a n o l - f r e e  c h lo ro 

form c o n ta in in g  10 ml o f  t r i e th y l a m in e  (A ld r ic h  Chemical C o .) .

The r e s u l t i n g  s o l u t i o n  was added to  25 ml (0 .1 5  mole) o f  n - o c t y l -  

amine (97 '/t A ld r ich  Chemical Co. ) in  a  o n e - l i t e r  round bottom  f l a s k  

and an a d d i t i o n a l  40 ml o f  t r i e th y l a m in e  was added. The r e a c t i o n  

was a l low ed  to  p roceed  o v e rn ig h t  w ith  s t i r r i n g  a t  a  tem p era tu re  o f  

40 °C. The p ro d u c t ,  4 - n i t r o -N - ( o c ty l ) - b e n z a m id e ,  was reco v e re d  by 

e v a p o ra t io n  o f  th e  ch lo ro fo rm , fo llow ed  by t r e a tm e n t  w ith  aqueous 

s i l v e r  n i t r a t e .  The s o l i d  was e x t r a c t e d  by r e f l u x i n g  w ith  d i e t h y l  

e t h e r  and su b se q u e n t ly  f i l t e r e d .  The f i l t r a t e  was s u c e s s i v e l y  ex

t r a c t e d  w ith  5 ;$ NaOH, w a te r ,  1l/n HC1, and w a te r .  The e t h e r  l a y e r ,  

a f t e r  e v a p o ra t io n ,  gave 5 6 . 7  g ( a  9 0 / ' y i e l d )  o f  c rude  p ro d u c t .

The .product was r e c r y s t a l l i z e d  from d i l u t e  e th a n o l  and found to  

m e lt  a t  8 6 .5  °C. The i n f r a r e d  spectrum  (TBr) o f  the  p u r i f i e d  pro

d u c t  e x h i b i t e d  th e  fo l lo w in g  bands: 3 3 ^ 2  cm”  ̂ (amide N -h ) ,  1 6 4 1

cm 1 (C=0), and 1 cm 1 (NO2 ) .  The p ro to n  NKR spectrum  o f  a
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CDCl^ s o l u t i o n  o f  the  p ro d u c t  d id  n o t  g iv e  d e t a i l e d  s t r u c t u r a l  i n 

fo rm a t io n ,  b u t  th e  i n t e n s i t y  r a t i o s  o bse rved  were c o n s i s t e n t  w ith  

th e  ex p ec ted  s t r u c t u r e .  The m a jo r  f rag m en ts  o f  th e  70 eV mass 

spec trum , m/e ( r e l a t i v e  i n t e n s i t y ) ,  were 278 ( 5 ) ,  277 (2 1 ) ,  221 

( 1 9 ) ,  207 ( 1 2 ) ,  193 (2 1 ) ,  180 (4 8 ) ,  179 (2 6 ) ,  167 ( 1 7 ) ,  150 (1 0 0 ) ,  

120 (2 2 ) ,  and 104 (3 4 ) .  The spectrum  was o b ta in e d  u s in g  a  probe 

te m p e ra tu re  o f  100 °0 . E lem ental a n a l y s i s  (perfo rm ed  by Midwest 

M ic ro la b s )  gave 6 4 . 7 2 / 0 ,  8 . 2 9 /  K, and 1 0 .0 3 /  N. The c a l c u l a t e d  

v a lu e s  f o r  ^Ij^pNpO^ a r e  6 4 . 7 2 /  C, 7 - 9 7 /  h ,  and 1 0 .0 7 '/  N.

A 1 3 -1-& p o r t i o n  o f  th e  p ro d u c t  o f  the  b e n z o y la t io n  r e a c t i o n  

was p la c e d  i n  a  500-ml f i l t e r i n g  f l a s k .  The f l a s k  was f lu s h e d  w ith  

00^ f o r  te n  m in u te s .  Ihe CU  ̂ p r e s s u r e  was then u sed  to  f o r c e  abou t 

500 ml o f  1 .6  M C r ( l l )  s o l u t i o n  (a b o u t  1 M in  hC l)  from a  r e s e r v o i r  

c o n t a in in g  z in c  m e ta l ,  th ro u g h  a  s i n t e r e d  g l a s s  c r u c i b l e ,  i n t o  th e  

f l a s k .  About 15 ml o f  c o n c e n t r a t e d  hCl was added and the  r e a c t i o n  

m ix tu re  was s t i r r e d  f o r  40 h o u rs  a t  room te m p e ra tu re  in  the  CO2  

a tm osphere .  The r e a c t i o n  m ix tu re  was then  e x t r a c t e d  w ith  500 ml o f  

d i e t h y l  e t h e r .  T h is  r e s u l t e d  in  th e  fo rm a tio n  o f  a  w h ite  s o l i d  a t  

the  i n t e r f a c e  o f  the  aaueous  and o rg a n ic  l a y e r s .  The e t h e r  l a y e r  

was w ithdrawn and th e  aqueous l a y e r ,  c o n t a in in g  th e  s o l i d ,  f i l t e r e d .

An i n f r a r e d  spec trum  (KBr) o f  the  s o l i d  gave the  fo l lo w in g  bands:

—1 —13360 cm (amide N -h ) ,  1920 cm (amine h y d ro c h lo r id e  N-K), and

1645 cm (C=0). The s o l i d  was d i s s o lv e d  in  9 5 /  e th a n o l  and r e 

p r e c i p i t a t e d  by th e  a d d i t i o n  o f  d i l u t e  NaOH. T his  gave 9 .7  g o f  

p r o d u c t ,  which c o r re sp o n d ed  to  an 8 3 /  y i e l d .  A p o r t i o n  o f  t h i s  

m a t e r i a l  was r e c r y s t a l l i z e d  from benzene in  a  g love  box c o n t a in in g
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a n i t r o g e n  a tm osphere .  The m e l t in g  p o i n t  o f  the  p u r i f i e d  p ro d u c t ,  

• 'i-am ino-N -C octy l)-benzam ide, was 120 °0 .  The i n f r a r e d  spec trum

( F lu o ro lu b e  m u ll)  o f  th e  r e c r y s t a l l i z e d  m a te r i a l  e x h i b i t e d  th e

—1 —1fo l lo w in g  b an d s ;  3'*20 cm (amine N—H ), 3 cm (amide N—K ),

3225 cm-1 (amine l i -h ) ,  and 1650 cm” "* (C=0). The p ro to n  NF.R spectrum  

o f  a  h e x a d e u te ro -d im e th y l  s u l f o x id e  s o l u t i o n  o f  th e  p ro d u c t  gave 

i n t e n s i t y  r a t i o s  c o n s i s t e n t  w ith  th e  e x p e c te d  s t r u c t u r e .  The m ajor 

f ragm en ts  o f  th e  70 eV mass spec trum , o b ta in e d  u s i n g  a probe tem

p e r a t u r e  o f  200 °C; m/e ( r e l a t i v e  i n t e n s i t y ) ,  w ere : 2d3 ( * 5 ) ,  150

( 3 1 ) ,  136 (-*B), 121 ( 1 7 ) ,  120 (1 0 0 ) ,  and 9b ( 2 6 ) .  E lem ental a n a l 

y s i s  (perform ed by Midwest M ic ro lab s)  gave 70 .95 ')  0 ,  9-55 o h ,  and 

10.71 o f ' .  The c a l c u l a t e d  v a lu e s  f o r  a r e  7 2 . 5 T 0 0 ,  9»7/1'-'

H, and 11 .2 8 ; '  N.

A 3 .9 -g  p o r t i o n  o f  the p ro d u c t  from the  r e d u c t io n  r e a c t io n  was 

d i s s o lv e d  in  a  s o l u t i o n  c o n s i s t i n g  o f  20 ml o f  c o n c e n t r a t e d  HOI,

75 ml  d i s t i l l e d  w a te r ,  and 200 ml o f  m e th an o l.  T h is  s o l u t i o n  

and a n o th e r  c o n t a in in g  2 .0 7  S  o f  in  20 ml o f  d i s t i l l e d  w a te r

were c h i l l e d  to  5°0 i n  an i c e  b a th .  The two s o l u t i o n s  were mixed 

and a llow ed to  s ta n d  in  the  i c e  b a th  f o r  an a d d i t i o n a l  20 m inu tes  

w ith  i n t e r m i t t e n t  s h a k in g .  D uring  t h i s  t im e ,  a  t h i r d  s o l u t i o n  con

t a i n i n g  d .335 S o f  8 -h y d ro x y q u in o l in e  (P a k e r  a n a l y t i c a l  r e a g e n t ) ,

5*5 g o f  K adi,  and 20 g o f  Ka^PO^ 12 H^O in  BOO rol o f  d i s t i l l e d  

w a te r  was a l s o  c h i l l e d .  The 8 -h y d ro x y q u in o l in e  s o l u t i o n ,  i n i t i a l l y  

a t  a  pH o f  13 . 5 ,  was p la c e d  in  a  o n e - l i t e r  b e a k e r  i n  an i c e  b a th .

The d ia z o t i z e d  amine s o l u t i o n  was poured s lo w ly  i n t o  the 8-hydroxy

q u in o l in e  s o l u t i o n  whereupon l a r g e  amounts o f  a  deep  red s o l i d
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were fo rn e d .  'the te m p era tu re  rone from 5 °C to  10 °C and i t  was

n e c e s s a r y  to  add 2 M NaGH dropw ise n e a r  th e  end o f  the  a d d i t io n  in

o r d e r  to  m a in ta in  a  pH o f  10. The r e a c t io n  m ix tu re  was s t i r r e d  f o r  

3 0  m in u tes  a t  10 0 and then  a l low ed  to  warm to  ^0 C over  a one

h o u r  p e r io d .  The m ix tu re  was a c i d i f i e d  to  a  pH o f  1 w ith  HCl and

th e  p ro d u c t  was re c o v e re d  by f i l t r a t i o n .  The crude  p ro d u c t  was 

p u r i f i e d  by s u c c e s s iv e  w ashings w ith  w a te r ,  5:!° EaOH, w a te r ,  10.o HCl, 

w a te r ,  and d i e t h y l  e t h e r .  The compound was observed  to  d i s s o lv e  

p a r t i a l l y  upon t r e a tm e n t  w ith  e t h e r  and, f o r  t h i s  r e a s o n ,  no de

te rm in a t io n  o f  y i e l d  was a t te m p te d .  The i n f r a r e d  spectrum  (KBr) 

e x h i b i t e d  th e  f o l lo w in g  bands: 3300 cm  ̂ (O-P.) 1 6 3 0  cm "* (C=0),

and 1395 cm 1 (N=N). rhe m a jo r  fragm en ts  o f  the  70 eV mass spec trum , 

m/e ( r e l a t i v e  i n t e n s i t y ) ,  w ere: 104 ( 7 ) ,  405 (2 2 ) ,  7/1B (2 3 ) ,  160

( 2 6 ) ,  1 5 0  ( 1 6 ) ,  144 (2 7 ) ,  136 (2 5 ) ,  120 (1 0 0 ) ,  and 14 (7 3 ) .  ^his 

spec trum  was o b ta in e d  from th e  s o l id  p ro d u c t  u s in g  a  probe temper

a t u r e  o f  350 °C. A ttem pts  t o  o b ta in  a  s a t i s f a c t o r y  p ro to n  

sp ec tru m  were n o t  s u c c e s s f u l ,  as  a  consequence o f  the  l im i t e d  s o l 

u b i l i t y  o f  the  p ro d u c t ,  4 - ( 5 ' - a z o - 8 ' - h y d r o x y q u i n o l i n y l ) - N - ( o c t y l ) -  

benzam ide.

P r e p a r a t i o n  o f  8-R.ydroxyquinoline-Bonded G i l i c a

The 4 -n i t ro b en zo y .l  c h l o r i d e  was r e c r y s t a l l i z e d  from petro leum  

e t h e r  (bp 60-110 °C) and found to  m e lt  in  the range 72 to  74 °C 

( l i t e r a t u r e ^  m e l t in g  p o in t  75 °C). A 2 . 5 - g  (1 .5  mmole) p o r t io n  o f  

am inopropyl s i l i c a  (S p h e r is o rb  S5-^h? , Phase S e p a ra t io n s  L t d . )  was 

suspended  in  2 5  ml o f  e t h a n o l - f r e e  ch lo ro fo rm  and t r a n s f e r r e d  to  a
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3-necked 100-ml round bottom  f l a s k  f i t t e d  w ith  a  m echan ica l s t i r r e r ,  

a  co n d e n se r ,  and a  therm om eter. A s o l u t i o n  c o n t a in in g  0 .77  g  (4 .1  

mmole) o f  4 - n i t r o b e n z o y l  c h l o r i d e  in  2 5  ml o f  e t h a n o l - f r e e  c h l o r o 

form was added. One m i l l i l i t e r  o f  t r i e th y l a m in e  was added and the  

m ix tu re  was s t i r r e d  and h e a te d  a t  /15 °C f o r  t h r e e  d ay s .  D uring 

t h i s  time th r e e  0 . 1-g  p o r t i o n s  o f  4 - n i t r o b e n z o y l  c h l o r i d e  and 5 -d rop  

p o r t i o n s  o f  t r i e th y l a m in e  were added. The s i l i c a  was re co v e re d  by 

c e n t r i f u g a t i o n  and washed w ith  f iv e  hO-ml p o r t i o n s  o f  e t h a n o l - f r e e  

c h lo ro fo rm , th r e e  5 0 -rnl p o r t i o n s  o f  957; e th a n o l ,  and one 5 0 -ml p o r 

t i o n  o f  w a te r .

A Jo n es  r e d u c t o r  (2 cm x 27 cm) was p re p a re d  by a l lo w in g  4 0 -  

mesh z inc  m e ta l to  s ta n d  in  a  s a t u r a t e d  HgClp s o l u t i o n .  A 3- n ecked 

100-ml round bottom  f l a s k  was equipped  w ith  m echan ica l s t i r r i n g  and 

an i n l e t  f o r  COp. The b e n z o y la te d  s i l i c a  was t r a n s f e r r e d  to  the  

f l a s k  w ith  a  minimum amount o f  1 M HCl. The f l a s k  was f lu s h e d  w ith  

C02 f o r  te n  m in u tes  p r i o r  to  th e  a d d i t i o n  o f  70 ml o f  0 .45  I’- CrCl^

(1 H in  HCl) i n t o  the r e d u c t o r  and then  d i r e c t l y  i n t o  the  f l a s k .

The b lu e  c o l o r  o f  the  C r ( l l )  s o l u t i o n  was observed  to  change im

m e d ia te ly  t o  g re e n  as  i t  e n te r e d  the  s t i r r e d  r e a c t i o n  m ix tu re  u n t i l  

a b o u t  30 ml had been added. The r e a c t i o n  was a l low ed  to  c o n t in u e  

f o r  th r e e  h o u r s ,  a f t e r  which th e  s i l i c a  was re c o v e re d  by c e n t r i f 

u g a t io n  and washed w ith  two 50-ml p o r t i o n s  each o f  1 M and 0.1 M 

HCl.

A s a t u r a t e d  s o l u t i o n  o f  8 -h y d ro x y q u in o l in e  in  a  b u f f e r  con

s i s t i n g  o f  167 ml o f  1 K KHOÔ  and 80 ml o f  1 K KQH was p re p a re d .
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About 100 mg o f  am inonropyl s i l i c a  s t a r t i n g  m a te r i a l  was added and 

th e  s o l u t i o n  was allow ed to  e q u i l i b r a t e  f o r  one h o u r  b e fo re  f i l 

t r a t i o n .  The f i l t r a t e  was c o o led  to  J  °C in  a  J-necked  250-ml round

V a  +  41 />m P I  n m U  P  i  A +  tr>A a I*> ^ a  o  +  ? k*v*i  v> r"  +V^a  w n A m A  + a >» <■>
u w  v o u m  t. ^ o o t \  X  t  ^  b u u  « v i  v i t  1 j  c u i i ^ c U  o o x i i . x l i ^ f  w i b i i u w ' K .  w t x  j  o ^ i *  < a .

pH e l e c t r o d e .  The ary lam ino  s i l i c a  from the  r e d u c t io n  s t e p  was 

then  mixed w ith  15 nil o f  1 M HC1 and c h i l l e d  in  an i c e  b a th .  A f t e r  

c o o l in g  to  5 °C» 0 . 5 2  g  o f  KNOj, was added and th e  m ix tu re  was shaken  

and h e ld  in  the  i c e  ba th  f o r  15 m in u tes .  At t h i s  p o in t  a  s o l u t i o n  

c o n s i s t i n g  o f  0 . 2 5  T o f  u r e a  in  5 ml  o f  d i s t i l l e d  w a te r  was added. 

Hie r e s u l t i n g  m ix tu re  was shaken and h e ld  in  the  ic e  ba th  u n t i l  gas 

e v o lu t io n  had s u b s id e d .  The d ia z o t i z e d  s i l i c a  was added to  th e  b u f 

f e r e d  f i -hyd roxyqu ino l ine  s o l u t i o n  t h a t  was i n i t i a l l y  a t  a  pH o f  10.-1 

and a  te m p e ra tu re  o f  4 .0  °C. D uring the a d d i t io n  th e  pH dec re ase d  

to  10 .0  and th e  te m p e ra tu re  in c re a s e d  to  6.1 °C. The c o l o r  o f  th e  

r e a c t i o n  m ix tu re  changed from ye llow  to  red  im m edia te ly  upon the  

a d d i t i o n  o f  the d i a z o t i z e d  s i l i c a .  The r e a c t i o n  was a llow ed  to  p ro 

cee d ,  w ith  v ig o ro u s  s t i r r i n g ,  a t  6 °C f o r  50 m in u te s .  The m ix tu re  

was th e n  a llow ed  to  warm to  room te m p era tu re  o v e r  a  p e r io d  o f  one 

h o u r .  The m ix tu re  was n e u t r a l i z e d  to  a  pH o f  6 .8  w ith  c o n c e n t r a te d  

H'Jl and th e  p ro d u c t  s i l i c a  reco v e re d  by c e n t r i f u g a t i o n .  The 

8 -h y d ro x y q u in o l in e -b o n d ed  s i l i c a  was then washed w ith  two 5 0 -ml 

p o r t i o n s  o f  d i s t i l l e d  w a te r  and th r e e  5 0 -rol p o r t i o n s  o f  m ethano l.

Dry sam ples o f  th e  p ro d u c t  s i l i c a  were o b ta in e d  by e v a p o ra t io n  o f  

th e  m e thano l,  w h ile  t h a t  u sed  f o r  the  p a ck in g  o f  th e  column was 

s to r e d  u n d e r  th e  m ethano l.
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Capac i  ty  Measuremen t

The m e ta l  ion c a p a c i t y  o f  th e  8 -h y d ro x y q u in o l in e -b o n d e d  s i l i c a

was d e te rm in e d  by th e  c u p r ic  io n  up take  method d e s c r ib e d  by F r e i s e r  

17and J e z o r e k ,  w i th  s e v e r a l  m o d i f i c a t io n s .  C e n t r i f u g a t i o n ,  r a t h e r  

than  d e c a n ta t i o n  and f i l t r a t i o n ,  was th e  p r im ary  means o f  phase 

s e p a r a t i o n .  ' Ib is  was fo llow ed  by f i l t r a t i o n  th rough  a  0.-15 micron 

Type HA membrane ( H i l l i p o r e  C o r p o r a t i o n ) .  Fhe e q u i l i b r a t i o n  was 

perform ed i n  a  0.1 M a c e t a t e  b u f f e r ,  a t  a  pH o f  rt.05» f o r  one hou r .  

The r e s u l t  o f  t h i s  measurement o f  c a p a c i t y ,  0 .2 5  meq/g, was s l i g h t l y  

h i g h e r  than  t h a t  o b ta in e d  u s in g  u n b u f fe re d  s o l u t i o n s  because  a  s i g 

n i f i c a n t  amount o f  hydronium ion  i s  r e l e a s e d  by the  m e ta l  io n  che

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

Column P ack in g

About 1 .5  g  o f  8 -h y d ro x y q u in o l in e -b o n d e d  s i l i c a  was s l u r r i e d  

w ith  a b o u t  150 ml o f  methanol in  a  Model 705 (M ic ro m e tr ie s  I n s t r u 

ment C o rp o ra t io n )  s t i r r e d - s l u r r y  column p a c k e r .  The s o l v e n t  i n l e t  

o f  th e  p a c k e r  was co n n ec ted  to  th e  pump o f  a  Model 5020 (V a r ia n /  

In s t ru m e n t  D iv is io n )  l i q u i d  chrom atograph  and th e  p a c k e r  was purged 

o f  a i r .  A 5 mm x 50 cm s t a i n l e s s  s t e e l  column (C lenco  S c i e n t i f i c )  

was con n ec ted  to th e  o u t l e t  o f  the  p a c k e r .  The i n i t i a l  flow  r a t e  

o f  m ethanol was 10 m l/m in . The flow r a t e  was d e c re a s e d  a s  th e  max

imum p r e s s u r e  l i m i t  ( 5 5 0  atm) o f  th e  chrom atograph  was exceeded .

The p r e s s u r e  was m a in ta in e d  between 500 and 550 atm th ro u g h o u t  th e  

p a c k in g  p ro c e d u re .
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Chromatography

A rlodel 50?0 (V a r ia n / In s t ru m e n t  D iv i s io n )  l i q u i d  chrom atograph  

was used  w ith  the  column and a p p r o p r i a t e  0 .010  in  i . d .  s t a i n l e s s  

s t e e l  tu b in g  and c o n n e c to r s .  The w a te r  used  f o r  chrom atography  was 

house  d i s t i l l e d  w a te r  t h a t  was d e io n iz e d  by passag e  th ro u g h  two 

m ixed-bed io n  exchange columns and r e d i s t i l l e d ;  t h i s  i s  h e r e a f t e r  

r e f e r r e d  to  a s  ddd HpO. S o lv e n t s  were p re p a re d  from a n a l y t i c a l  

r e a g e n t  g rad e  n i t r i c  a c id  and sodium n i t r a t e  u s in g  the  ddd HpO.

A ll  s o lv e n t s  were r e p e a te d ly  p assed  th rough  a  Type HA 0 .4 5  micron 

membrane u n t i l  no f u r t h e r  d i s c o l o r a t i o n  o f  th e  membrane was o b se rv e d ,  

fo l lo w ed  by vacuum d e g a s s in g  f o r  a b o u t 5 m in u te s .

M etal ion  s o l u t i o n s  f o r  chrom atography were p re p a re d  by d i s 

s o l u t i o n  o f  th e  a n a l y t i c a l  r e a g e n t  g rade  n i t r a t e  s a l t s  in  ddd HpO, 

fo llow ed  by a c i d i f i c a t i o n  to  a  pH o f  1 .0  w ith  c o n c e n t r a te d  n i t r i c  

a c i d .  The Ca(KO^)p s o l u t i o n  was p re p a re d  by d i s s o l u t i o n  o f  ca lc iu m  

c a rb o n a te  in  d i l u t e  n i t r i c  a c i d .  The Mn(N0^)p s o l u t i o n  was p re p a re d  

by d i l u t i o n  o f  a  51 s o l u t i o n  (B aker, a n a l y t i c a l  r e a g e n t ) .  Each 

i n j e c t e d  m e ta l io n  s o l u t i o n  was 0.01 M in  each m e ta l io n .  A 10- 

m i c r o l i t e r  i n j e c t i o n  lo o p  was used  f o r  most e x p e r im e n ts ,  w i th  th e  

e x c e p t io n  o f  some in v o lv in g  cadmium and z in c ,  which were done u s in g  

a  somewhat l a r g e r  lo o p  to  enhance d e t e c t a b i l i t y .

The column was c le a n e d  w i th  abou t 50 ml o f  pH 1 .0  HNO  ̂ and then 

e q u i l i b r a t e d  w ith  abou t 50 ml o f  pH 2 .5  HNO  ̂ d a i l y  p r i o r  to  m e ta l  

io n  e x p e r im e n ts .  Care was a l s o  taken  to  f l u s h  th e  i n j e c t i o n  loop  

th o ro u g h ly  betw een i n j e c t i o n s .  A 1 0 - m i c r o l i t e r  sample o f  0.01 M
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P b (N 0 ,)o was chrom atoaraphed  i s o c r a t i c a l l y  a t  a  pH o f  2.1 as  a
2 ■ ■

r o u t i n e  check on column perfo rm ance .

D e te c t io n  o f  e lu te d  m eta l io n s  was accom plished  by c o l l e c t i n g

sm all  f r a c t i o n s ,  u s u a l l y  0 .4  ml, m anually  in  t e s t  tu b e s  to  which

th r e e  d rops  o f  a 3 x 10 1 H s o l u t i o n  o f  4 - ( 2 * - p y r id y la z o ) - r e s o r c in o l

(PAR), o b ta in e d  from the 0 .  F re d e r ic k  Smith Chemical Co., b u f fe re d

a t  a  pH o f  10 w ith  ammonia, had been added. PAR has  been re p o r te d

17to  be a  n e a r ly  u n i v e r s a l  m etal io n  i n d i c a t o r .  O ther  i n d i c a to r s  

were t r i e d ,  in c lu d in g  Triocbrome Black 7 and a  I'g-OBTA-Calmagite 

s o l u t i o n ,  b u t  th e y  were found to  be g e n e r a l ly  i n f e r i o r  to FAR. The 

minimum d e t e c t a b l e  amount o f  m e ta l  ion  by v i s u a l  means was found to  

be ab o u t 10 nmole. The r e t e n t i o n  volumes and a p p a re n t  bandwidths 

were e s t im a te d  v i s u a l l y .  I-.ost chrom atography was conducted  a t  a 

nominal flow r a t e  o f  2 .0  ml/min and a  column te m p e ra tu re  o f  3 0  °C.

The volume o f  th e  system  tu b in g  was de te rm ined  by the i n j e c t i o n  

o f  10 m i c r o l i t e r s  o f  0.01 M CdCNOj)^ s o l u t i o n  w ith  the  column r e 

moved from the  system . F ra c t io n s  o f  0 .0 5  ml were c o l l e c t e d  in to  

t e s t  tu b e s  c o n t a in in g  3 drops o f  P'AR i n d i c a t o r .  The flow r a t e  was

0.1 ml/min and the  pH o f  the  e l u e n t  was 2 .0 .  This r e s u l t e d  in  a 

v a lu e  o f  0 .1  ml. The r e t e n t i o n  volume o f  r.g^ + was measured in  a 

s i m i l a r  f a s h io n ,  u s in g  a  0 . 0 5 /j Oalm agite s o l u t i o n  in  p la ce  o f  the 

FAR s o l u t i o n ,  wi:,h the column in  p la c e .  The d i f f e r e n c e  between 

t h i s  volume, 1 . 1 5  ml, and the  volume o f  the  system  tu b in g  was taken 

to  be the  column v o id  volume.
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C h ap te r  I I I

RESULTS AND DISCUSSION

S y n th e t ic  P ro c e d u re s

The d a t a  g a th e re d  from the  model compound s y n t h e s i s  i n d i c a t e

t h a t  the  r e a c t i o n  sequence i s  indeed  an e f f e c t i v e  method f o r  th e

in c o r p o r a t io n  o f  8 -h y d ro x y q u in o l in e  f u n c t i o n a l i t y .  The b e n z o y la t io n

s t e p  was shown to  p roceed  c l e a n ly  and in  h ig h  y i e l d  u s in g  e s s e n -

21t i a l l y  the  p ro ced u re  o f  H i l l .  A m ajor outcome o f  th e  p r e l im in a ry  

e x p e r im en ts  and su b se q u en t  r e d u c t io n  r e a c t i o n s  was th e  e f f e c t i v e  

u se  o f  chromous ion  a s  th e  re d u c in g  a g e n t  a t  room te m p e ra tu re .  

R eduction  a t  am bient te m p e ra tu re s  i s  advan tageous  b ecause  h y d r o ly s i s  

o f  the  amide l in k a g e  i s  m inim ized. Chromous ion  c a n n o t  be recom

mended f o r  homogeneous s y n th e t i c  work because  o f  th e  in h e re n t  d i f 

f i c u l t y  in  r e c o v e r in g  the  p ro d u c t  amine. I t  was f o r t u n a t e  t h a t  th e  

amine h y d ro c h lo r id e  was p r e c i p i t a t e d  in  th e  model compound e x p e r i 

ment. T h is  a llow ed v e r i f i c a t i o n  o f  s t r u c t u r e  and e s t im a t io n  o f  the  

y i e l d .  The amino compound appeared  to  be s u s c e p t i b l e  to  decompo

s i t i o n  to  a  brow nish  su b s ta n c e  when exposed to  a i r ,  which may p a r 

t i a l l y  acco u n t f o r  th e  d is c re p a n c y  in  e le m e n ta l  a n a l y s i s .  ’The 

p ro d u c t  o f  th e  d i a z o t i z a t i o n  and c o u p l in g  r e a c t i o n s  was s u s p e c te d  

t o  be impure on the  b a s i s  o f  l i q u i d  ch rom a tog raph ic  d a t a .  The 

p re se n c e  o f  a  7 ' - a z o -  isom er i s  o f  p a r t i c u l a r  co n ce rn  because  o f  

th e  mixed r e t e n t i o n  mechanism e f f e c t  t h a t  i t  co u ld  have on m e ta l

io n  chrom atography. A ttem pts to  d e te rm in e  t h i s  isom erism  by p ro to n

. 22
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n u c l e a r  m agnetic  resonance  sp e c tro s c o p y  were n o t  s u c c e s s f u l ,  as  a  

r e s u l t  o f  th e  l i m i t e d  s o l u b i l i t y  o f  th e  compound in  the common 

s o l v e n t s .  The p re sen ce  o f  th e  8 -h y d ro x y q u in o l in e  f u n c t i o n a l i t y  

was confirm ed  by i n f r a r e d  s p e c tro s c o p y .  Furtherm ore , a  p o t e n t i o -  

m e tr ic  t i t r a t i o n  in  60l'o aqueous d ioxane media i n d i c a te d  two a c i d i c  

p ro to n s .

The p ro ced u re s  developed  in  the  s y n t h e s i s  o f  the  model compound 

were r e a d i l y  a d a p ta b le  to  th e  p r e p a r a t io n  o f  8 -h y d ro x y q u in o l in e -  

bonded s i l i c a .  Care was ta k en  to  exc lude  oxygen from th e  a ry lam ino  

s i l i c a  to  m inimize th e  decom position  observed  w ith  the  model com

pound. Ihe only d i f f i c u l t y  en co u n te red  in  th e  p r e p a r a t io n  was t h a t  

o f  o b t a in in g  an e x c e ss  o f  8 -h y d ro x y q u in o l in e  i n  a  re a s o n a b le  volume 

o f  s o l u t i o n  f o r  c o u p l in g  a t  the  p ro p e r  pK (9*6 to  10 .6 )  and temper

a tu r e  (0  to  5 °C) because  o f  i t s  l i m i t e d  s o l u b i l i t y .  An e x p e r i 

m ental d e t a i l  to  be n o te d  i s  th e  e q u i l i b r a t i o n  o f  th e  8 -hydroxy

q u in o l in e  s o l u t i o n  w ith  some s i l i c a  p r i o r  to  th e  a d d i t i o n  o f  the  

d ia z o t i z e d  s i l i c a  in  o rd e r  to  minimize d i s s o l u t i o n  o f  the  p ro d u c t  

s i l i c a  a t  the  h ig h  pH employed f o r  c o u p l in g .

The m eta l io n  c a p a c i ty  o f  th e  p roduc t  s i l i c a  i s  abou t f i v e

17tim es  g r e a t e r  than t h a t  r e p o r te d  by F r e i s e r  and J e z o re k .  T h is  . 

i s  due p r im a r i ly  to  the  h ig h e r  bonded phase coverage  o f  the  com

m e rc ia l  am inopropyl s i l i c a  s t a r t i n g  m a t e r i a l ,  a l th o u g h  h i g h e r  con

v e r s io n  to  the H -hydroxyqu ino line  f u n c t i o n a l i t y  was a c h ie v e d .  The 

co n v e rs io n  o b ta in e d  in  t h i s  s tudy  i s  to  be compared w ith  a

f ig u r e  o f  abou t which was e s t im a te d  from a  com bina tion  o f

17 27F r e i s e r  and J e z o r e k ' s  and H i l l ' s  d a t a .  The c a p a c i ty  v a lu e ,
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when combined w ith  th e  m a n u fa c tu r e r 's  v a lu e  f o r  the  s u r f a c e  a r e a  

o f  th e  s t a r t i n g  m a t e r i a l ,  im p l ie s  an U -h y d ro x y q u in o lin e  s u r f a c e  

d e n s i t y  o f  68 g roups  p e r  10'' sq u a re  an g s tro m s. 'Phis s u g g e s t s  t h a t  

th e  c a p a c i ty  o f  the  8 -h y d ro x y q u in o l in e -b o n d ed  s i l i c a  may be l i m i t e d  

by s t e r i c  f a c t o r s .

Column C h a r a c t e r i s t i c s

A consequence o f  the h ig h e r  c a p a c i ty  o f  th e  column pack in g  

m a te r i a l  i s  t h a t  lo n g e r  p e r io d s  o f  time a r e  r e q u i r e d  f o r  e q u i l i 

b r a t i o n  fo l lo w in g  a  change in  e l u e n t  pH. Longer time p e r io d s  a re  

r e q u i r e d  a t  pH v a lu e s  n e a r e r  to  the  pK o f  J .  3* An e q u a t io n  has
el

been d e r iv e d  f o r  c a l c u l a t i n g  the  number o f  column v o id  volumes o f  

e l u e n t  n e c e s s a ry  to  e q u i l i b r a t e  the  column a t  th e  new' pH fo l lo w in g  

a  s te p w is e  change in  the  pH o f  th e  e lu e n t  by u s in g  a b a tc h  e q u i l i 

b r a t i o n  t r e a tm e n t .  With th e  column i n i t i a l l y  a t  a  g iv en  pH, a  

f r a c t i o n ,  oi, o f  the  t o t a l  amount o f  8 -h y d ro x y q u in o l in e  groups i s  

p r e s e n t  a s  u n p ro to n a te d ,  i . e . ,  e l e c t r o s t a t i c a l l y  n e u t r a l ,  8 -hydroxy

q u i n o l i n e .  e q u a t io n  (1 )  may r e a d i l y  be d e r iv e d  from mass b a lan ce  

and e q u i l ib r iu m  r e l a t i o n s h i p s ;

, = Ini =_
C„ K + [H+]

/v .  = =  L- (-] >n V _l ru+l \ '
'o

where r e p r e s e n t s  the  c o n c e n t r a t i o n  o f  u n p ro to n a te d  8 -hydroxy

q u i n o l i n e ,  CM r e p r e s e n t s  th e  t o t a l  amount o f  8 -h y d ro x y q u in o l in e  i n  

bo th  p ro to n a te d  and u n p ro to n a te d  forms, and K i s  th e  a c id  d i s s o c i 

a t i o n  c o n s ta n t  o f  th e  p r o to n a te d  form. The second d i s s o c i a t i o n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



s t e p  i s  ig n o re d .  'Vhen th e  s o l u t i o n  in  c o n t a c t  w ith  the  column i s  

removed and a  f r e s h  p o r t i o n  o f  e l u e n t  t h a t  i s  a t  a  lo w er  pH i s  added, 

th e  t o t a l  c o n c e n t r a t i o n  o f  H+ s u p p l ie d  by th e  e l u e n t ,  f’̂ +t i s  

d i s t r i b u t e d  a s  fo l lo w s :

S + M  f  + M  1 formed ^

where [h +] ^  i s  the f i n a l  c o n c e n t r a t i o n  o f  H.+ a f t e r  e q u i l i b r a t i o n  

and [^2 f*1+J formed ^ ie amoun^ Pr o to n a te d  B -h y d ro x y q u in o lin e  t h a t  

i s  formed as  a  r e s u l t  o f  the  low er pH. by a  mass b a lan ce  r e l a t i o n 

s h ip ,

[H2 Q- ] formed = LKCil i  ~ [ rti] f  ^

where i  and f  s ta n d  f o r  i n i t i a l  and f i n a l ,  r e s p e c t i v e l y .  3y com

b in in g  E qua t ions  ( 1 ) ,  ( 2 ) ,  and (3 )  one o b ta in s

Jl!+ = [ I! ]  f  + ^ i CQ "  K + [H+] (4)

Then, by rea r ran g e m en t  and q u a d r a t i c  s o l u t i o n ,  the f i n a l  concen

t r a t i o n  o f  H+ i s  g iv en  by E qua tion  ( 5 ) .

(5 )

[»+] f
C _ V _* ./ l  :v  “ rtico + N (K + V o  -  -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



E qua tion  (5 )  may be used  in  a r e p e t i t i v e  manner, s u b s t i t u t i n g  a new 

v a lu e  o f  oC c a l c u l a t e d  from the  f i n a l  c o n c e n t r a t i o n  o f  H+ each t im e , 

to c a l c u l a t e  th e  number o f  column vo id  volumes o f  e l u e n t  re q u i re d  

to  e q u i l i b r a t e  the  column a t  th e  pH o f  th e  e l u e n t .  The p a ram ete r  

C was e v a lu a te d  e m p i r i c a l ly  by f i t t i n g  e x p e r im e n ta l  d a t a  in v o lv in g  

a  s te p w is e  change in  e l u e n t  pH and su b seq u en t m e ta l ion  e l u t i o n .

A v a lu e  o f  0 .1 5  gave good agreem ent w ith  th e  ex p e r im e n ta l  r e s u l t s .  

'This v a lu e  does n o t  n e c e s s a r i l y  have any p r e c i s e  p h y s ic a l  s i g n i f 

ic an ce  because  o f  the  manner in  which i t  was e v a lu a te d  and the 

n a tu r e  o f  th e  h e te ro g e n e o u s  system . Equation (5) was  found to  be 

u s e f u l  f o r  g r a d i e n t  c o n s t r u c t i o n  and p r e d i c t i o n  o f  m eta l ion  r e te n 

t i o n  volumes when em ploying a  g r a d i e n t  g e n e ra te d  by a s te p w is e  

change in  e l u e n t  pH. I t  i s  to  be expec ted  t h a t  i f  l a r g e r  columns 

than  t h a t  u sed  in  the  p r e s e n t  work were to  be packed, the e q u i l i 

b r a t i o n  p e r io d s  would be p r o p o r t i o n a l l y  lo n g e r .

A lthough th e  column appeared  to be w e l l -p a c k e d ,  as  ev idenced  

by the  low column vo id  volume, th e  e f f i c i e n c i e s  observed  were q u i t e  

low by c o n v e n t io n a l  h igh  perform ance chrom atography s t a n d a r d s ,  b e in g  

on th e  o r d e r  o f  150 p l a t e s  p e r  m e te r .  'The a p p a re n t  low e f f i c i e n c i e s  

a re  th o u g h t  to  a r i s e  from k i n e t i c  f a c t o r s  in  th e  m etal io n - l ig a n d  

exchange r e a c t i o n s .  This  i s  s u b s t a n t i a t e d  by th e  d i f f e r e n c e s  in  

the  a p p a re n t  column e f f i c i e n c i e s  f o r  z in c  and l e a d .  These m etal 

io n s  e x h i b i t  v e ry  s i m i l a r  r e t e n t i o n  b e h a v io r  u n d e r  i d e n t i c a l  e l u t i o n  

c o n d i t i o n s ,  b u t  the  number o f  p l a t e s  f o r  le a d  i s  g r e a t e r  than  th a t  

f o r  z in c ,  i . e . ,  th e  le a d  band i s  c o n s i s t e n t l y  l e s s  w ide. I t  i s  

u n l i k e l y  t h a t  t h i s  phenomenon i s  an a r t i f a c t  o f  th e  v i s u a l  d e t e c t i o n ,
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s in c e  the  le ad  r e a c t io n  w ith  FAR i s  the  more s e n s i t i v e  o f  the two. 

The phenomenon may be caused  by a  f a s t e r  r a t e  o f  exchange f o r  le a d  

than  f o r  z in c ,  b u t  th e  k i n e t i c s  have n o t  been e s t a b l i s h e d .  T h is  

type  o f  b e h a v io r  m igh t a l s o  o c c u r  i f  the  column was s i g n i f i c a n t l y  

o v e r lo a d e d ,  s in c e  th e  amount o f  z inc  i n j e c t e d  was somewhat g r e a t e r  

than  the amount o f  l e a d .  The in h e re n t  l a c k  o f  s e n s i t i v i t y  o f  v i s u a l  

d e t e c t i o n  p re v e n te d  a  s y s te m a t ic  i n v e s t i g a t i o n  i n t o  th e  deg ree  o f  

column lo a d in g .

The ch rom atog raph ic  s t u d i e s  o f  m eta l ion  r e t e n t i o n  produced th e

e l u t i o n  o rd e r :  Ca^+<  Mn^+<  Cd'?+<  Pb‘> + = Zn^+<  Co^+. T h is  o rd e r

i s  i n  accord  w ith  th e  o r d e r  o f  homogeneous 1 : 1  c h e l a t e  fo rm atio n

51c o n s t a n t s  f o r  8 -h y d ro x y -5 - (p h e n y la z o ) -q u in o l in e .  Zinc and le a d  

c o u ld  n o t  be a d e q u a te ly  r e s o lv e d  under  any e l u t i o n  c o n d i t i o n s  t r i e d .  

The i s o c r a t i c  r e t e n t i o n  volumes f o r  these  two m e ta l  io n s  were mea

s u re d  as  a  f u n c t io n  o f  e l u e n t  pH. The r e t e n t i o n  volume, V , was
n

c o n v e r te d  to  a  d i s t r i b u t i o n  r a t i o ,  I), by th e  r e l a t i o n s h i p

s

where V i s  th e  volume o f  th e  m obile  p h ase ,  o r  th e  column vo id  m

volume, and V i s  the  volume o f  th e  s t a t i o n a r y  p h ase .  Fhe V and
S  R

l o g  1) d a ta ,  as  w ell  as the  observed bandw id th s ,  a r e  p r e s e n te d  in  

T ab le  1.
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Table 1

Chrom atographic Data f o r  L e a d ( l l )  and Z in c ( J l )

K e ta l  Ion

I-'b Zn
pli VH(ml) VR(ml) lo g  D V ^(ml) tty(m l) lo g  D

1 . 8 5 .8 2 . 0 0.59 5.6 2 . 1 0 . 5 6

1.9 5.0 2 . 8 0.56 4 .8 2 . 8 0 .5 5

1.95 5 .7 2 . 8 0 . 6 5 5 * 6 5.6 0 .62

2 . 0 6 ./. 2 .4 o. 69 6 .5 5 .0 0 . 6 8

2 .05 7 .5 5 .0 0 .77 7 .5 5.4 0 . 7 6

2 . 1 8 . 6 5-2 0.84 — ----- -----

2 . 1 5 -  - -  - -  - 1 0 . 8 6 . 4 0 .9 6

2 .? 1 2 . 9 5.2 1 . 0 15-0 7.2 1 . 0

The d a t a  f o r  th e  v a r i a t i o n  o f  l o g  D w ith  pH i n d i c a t e  a  good 

c o r r e l a t i o n  to  s t r a i g h t  l i n e s  and t h a t  the l i n e s  i n t e r s e c t  a t  a  

pH o f  abou t 2 .0 .  The d i f f e r e n c e  in  th e  s lo p e s  o f  the  l i n e s  i s  n o t  

f e l t  to  be s i g n i f i c a n t  due to  th e  p o t e n t i a l  f o r  e r r o r  in  v i s u a l  de

t e c t i o n .  The s lo p e s  o f  1 .6  and 1 .7  f o r  le a d  and z in c  r e s p e c t i v e l y ,

17d i f f e r  markedly from th o se  r e p o r te d  by F r e i s e r  and Je z o re k  f o r  

z i n c ( l l ) ,  c a d m iu m (l l) ,  and n i c k e l ( l l ) .  They s t a t e d  t h a t  the s lo p e s  

shou ld  be eq u a l  to  one in  accord  w ith  a  s i n g l e  p ro to n  d isp la c e m e n t ,  

b u t  they a l s o  n o te d  t h a t  c o b a l t ( l l )  e x h ib i t e d  an in e x p l i c a b ly  h igh  

s lo p e .  Che d a t a  from t h i s  p r e s e n t  i n v e s t i g a t i o n  s u g g e s ts  t h a t ,  

s in c e  the  8 -h y d ro x y q u in o l in e  groups a re  p r o to n a te d  a t  the  a ro m a tic
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n i t r o g e n  to  a s i g n i f i c a n t  d e g re e ,  the  s lo p e  ought to  r e f l e c t  the 

f r a c t i o n  o f  8 -h y d ro x y q u in o l in e  groups t h a t  a r e  n o t  p ro to n a te d  and 

th u s  a v a i l a b l e  f o r  c h e l a t i o n .  The s lo p e  would be p r e d ic te d  to  

change w ith  pH in  pH ran g es  n e a r  the pK^. I t  shou ld  be no ted  t h a t  

O^is sm all  in  th e  pH range  s tu d i e d  and t h a t  a  sm a ll  amount o f  c u r 

v a tu re  m igh t w e ll  e scap e  d e t e c t i o n .  I t  was n o t  p o s s i b l e  to  o b ta in  

d i s t r i b u t i o n  d a t a  o v e r  a  wide range  o f  pH v a lu e s  w ith  any s i n g l e  

m eta l ion  a s  a  r e s u l t  o f  d i f f i c u l t i e s  in  d e t e c t i n g  the d i f f u s e  bands 

en co u n te red  a t  h ig h  v a lu e s  o f  th e  d i s t r i b u t i o n  r a t i o  and a l s o  in  

a c c u r a t e l y  m easu ring  th e  s h a rp  bands en co u n te re d  a t  low v a lu e s  o f  

th e  d i s t r i b u t i o n  r a t i o .

S e p a r a t io n s

The range  o f  d i s t r i b u t i o n  r a t i o s  i s  such t h a t  an i s o c r a t i c

17s e p a r a t io n  o f  the  m e ta l  io n s  o f  i n t e r e s t  i s  i m p r a c t i c a l .  There

f o r e ,  a l a r g e  number o f  g r a d i e n t s  were t r i e d  to  o b ta in  a  s e p a r a t i o n  

o f  Ca'?+, Mn/:+, Cd'?+, Pb^+, and Co^+. Hie r e t e n t i o n  volumes and 

bandw idths c o r re s p o n d in g  to  one o f  the  more s u c c e s s f u l  g r a d i e n t s  

a r e  g iven  in  Table 2.  A r e c o n s t r u c t i o n  o f  th e  g r a d i e n t  employed 

i s  d e p ic te d  in  F ig u re  2 .  :Fhe s e p a r a t io n  o f  the  m e ta l  io n s ,  w ith  

th e  e x c e p t io n  o f  l e a d  and cadmium, i s  q u i t e  good. I t  i s  to  be ex -  

pec tori t h a t  the  r e s o l u t i o n  w i l l  be improved a t  low er l e v e l s  o f  

column lo a d in g .
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Table ?

C hrom atographic  D ata  f o r  M eta l Ion  S e p a ra t io n

M etal Ion VR(ml) m l)

Ca? + 1 . 2 a 0. 8

Mn/  + 9 .8 1.6

Cd2  + ?9 .5 3 .0

Pb2  + 3? .5 2 . 1

Co2  + 43 .0 8 . 0

£
This volume co rre sp o n d s  to  th e  vo id  volume o f  the column and 
system  tu b in g .

The f a c t  t h a t  ca lc ium  i s  u n r e t a in e d  a t  an e l u e n t  pH o f  3.8 
s u g g e s t s  t h a t  g r a d i e n t  chrom atography o f  the  ty p e  shown in  F ig u re  ? 

co u ld  f in d  a p p l i c a t i o n  as  a  s im p le  and r a p id  means o f  s e p a r a t i n g  

v a r io u s  t r a n s i t i o n  m etal io n s  from c a lc iu m .  Sample m a tr ix  e f f e c t s  

co u ld  be g r e a t l y  reduced by u s in g  th e  method s im ply  a s  a  c l e a n -u p  

p ro c e d u re .  A no ther  p rom ising  a p p l i c a t i o n  o f  the  ch rom atograph ic  

method d e s c r ib e d  i s  t h a t  o f  p r e c o n c e n t r a t io n  o f  the  m e ta l  io n s  o f  

i n t e r e s t  from very  d i l u t e  s o l u t i o n s ,  fo l lo w ed  by s e l e c t i v e  e l u t i o n .  

The c a p a c i ty  o f  the column i s  the l i m i t i n g  f a c t o r  in  t h i s  c a se  and 

r e q u i r e s  t h a t  th e  sample be f r e e  o f  l a r g e  amounts o f  m eta l io n s  more 

s t r o n g l y  r e t a i n e d  than th o se  o f  i n t e r e s t .  The h ig h e r  c a p a c i ty  ob

t a in e d  by the  s y n t h e t i c  p rocedu re  d eve loped  in  t h i s  i n v e s t i g a t i o n  

•can be seen  to  be o f  g r e a t  v a lu e  f o r  t h i s  a p p l i c a t i o n .
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F ig u re  2

G ra d ie n t  f o r  M etal Ion  S e p a ra t io n

2 . 2 -

2.4-

2 . 6 - -

2 . 8 -

3.0

3.2-

3.4-

3 . 6 -

3.8

5 10 15 20

T i m e  ( m i n)
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The s e l e c t i v i t y  o f  B -hyd roxyqu ino line-bonded  s i l i c a  does n o t  

ap p ea r  to  be g r e a t  enough f o r  the  a n a l y t i c a l  s e p a r a t i o n  o f  c e r t a i n  

p a i r s  o f  m e ta l io n s ,  e . g . ,  le a d  and z in c ,  however, o th e r s  can be

f  a !  ■« r  r » A  p a !  1 PV>A ^ A A  A A  f  ^ A l f A l  A A m o M  +  a T  A  V» A «tV) 1 r f  i  i r oa c i  v » - x j r  a  c o v x  v  O ' i  •  L i i « .  ±  u v V t f i A  v  u C «  »  v  ' J \  rj. j  i  x  f j *  .  a  j r  v l  » v .

i n d u c t iv e l y  coup led  plasma e m iss io n  d e t e c t o r  f o r  l i q u i d  chrom atog- 
32

raphy may e n a b le  d i r e c t  q u a n t i t a t i o n  o f  th e  chromatogram. In  th e  

e v e n t  th e  d e t e c t o r  i s  a p p l i e d ,  even m e ta l  io n s  t h a t  a r e  n o t  com

p l e t e l y  r e s o lv e d  may be q u a n t i t a t e d ,  s in c e  the  d e t e c t o r  i s  m e ta l -  

s p e c i f i c .  In  any e v e n t ,  the  c o l l e c t i o n  o f  f r a c t i o n s ,  fo llow ed  by 

a n a l y s i s  by th e  c u r r e n t  b e s t  method f o r  the  p a r t i c u l a r  m etal shou ld  

r e s u l t  in  lo w er  d e t e c t i o n  l i m i t s  and b e t t e r  p r e c i s i o n  th rough  the  

e l im i n a t io n  o f  i n t e r f e r e n c e s .

An im p o r ta n t  l i m i t a t i o n  to  the range  o f  a p p l i c a b i l i t y  o f  

8 -hyd ro x y q u in o lin e -b o n d ed  s i l i c a  i s  t o  be n o te d .  K e ta l  ions  such 

as  C u ( l l )  and F e ( l l l )  a r e  n o t  e lu te d  from th e  column when u s in g  

e l u e n t s  o f  pH 1 .8  o r  g r e a t e r .  Rven when u s in g  n i t r i c  a c id  s o l u t i o n s  

o f  pH 1 .0  f o r  column c le a n in g ,  th e se  m e ta l  io n s  a re  removed only  

g r a d u a l ly .  'This was m a n ife s te d  a s  a  g ra d u a l  i n c r e a s e  in  the  e f f e c 

t i v e  column c a p a c i t y  ( k ' )  a f t e r  c l e a n in g  p ro c e d u re s  were implemented. 

Th is  c l e a n in g  p ro c e s s  a l s o  in t r o d u c e s  c o n ta m in a t io n  through c o r r o 

s iv e  a t t a c k  on the  components o f  the ch rom atograph , a s  was ev idenced  

by th e  p o s i t i v e  PAH t e s t s  o b ta in e d  when u s in g  pH 1.0  n i t r i c  a c id  

s o l u t i o n s .  These e f f e c t s  masked any l o s s  o f  bonded phase t h a t  may 

have o c c u r re d .  T h is  l i m i t a t i o n  m ight be overcome and c o r r o s io n  o f  

th e  chrom atograph reduced  by th e  u se  o f  a  s o l u t i o n  o f  a  com plexing
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a g e n t  f o r  the  e l u t i o n  o f  s t r o n g ly  r e ta in e d  m eta l io n s .  T h is ,  

however, c o u ld  have a  d e t r im e n ta l  e f f e c t  on th e  column perform ance  

i f  p a r t i t i o n i n g  o f  the  com plexing a g e n t  were to  o c c u r .  I t  i s  ap

p a r e n t ,  n e v e r t h e l e s s ,  t h a t  a  b e t t e r  c l e a n in g  p ro ced u re  i s  needed .

In  summary, we r e p o r t  a  s y n th e t i c  p rocedu re  which r e s u l t s  in  

an c3-hydroxyquinoline-bonded s i l i c a  ch rom a tog raph ic  m a te r i a l  o f  s i g 

n i f i c a n t l y  h ig h e r  c a p a c i ty  than  th o se  p r e v io u s ly  r e p o r te d  in  the  

l i t e r a t u r e .  The h ig h e r  c a p a c i ty  a l lo w s  method developm ent to  p ro 

ceed  more r a p i d l y  by e n a b l in g  the  i n j e c t i o n  o f  s u f f i c i e n t  amounts 

o f  m etal io n  t h a t  v i s u a l  d e t e c t i o n  may be employed. A column packed 

w ith  th e  m a te r i a l  has  been dem onstra ted  to  be s u i t a b l e  f o r  h ig h  

p r e s s u r e  l i q u i d  chrom atography and to  be c a p a b le  o f  a  number o f  

a n a l y t i c a l  s e p a r a t i o n s  o f  c e r t a i n  p o t e n t i a l l y  to x i c  m e ta l io n s .  I t  

i s  hoped t h a t  some o f  the  a n a l y t i c a l  a p p l i c a t i o n s  su g g es ted  by t h i s  

i n v e s t i g a t i o n  w i l l  be ta k e n  up by o th e r  w orkers  in  t r a c e  m e ta ls  

a n a ly se s  in  th e  f u tu r e .
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