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INTRODUCTION

R ecent  deve lopm ents  in  the  f i e l d  o f  l i q u i d  

chromatography in c lu d e  the us© o f  h igh  p r e s s u r e ,  h igh  

e f f i c i e n c y  narrow boro columns.  Those columns re q u ir e  

s e n s i t i v e ,  low dead volume d e t e c t o r s .  While  many 

d e t e c t o r s  are  now co m m erc ia l ly  a v a i l a b l e ,  the  l i q u i d  

chromatography o f  m etal  io n s  has been hampered by the  

l a ck  o f  a d e t e c t o r  o f  wide u t i l i t y  ( 2 0 ) .  Commercially  

a v a i l a b l e  d e t e c t o r s  in c lu d e  the  u l t r a v i o l e t  s p e c t r o -  

p hotom atr ic  (11$.), the  d i f f e r e n t i a l  r e f r a c t o r n e t r l c  ( 2 ) ,  

the  u l t r a s o n i c  ( 1 7 ) ,  th e  r o t a t i n g  c h a in  f lam e i o n i z ­

in g  ( 1 2 ) ,  th e  microwave ( 1 ) ,  th e  r a d i o a c t i v i t y  m onitor­

in g  ( 3 ) ,  th e  e l e c t r o l y t i c  c o n d u c t i v i t y  ( l | )  and th e  

m ic r o - a d s o r p t i o n  d e t e c t o r s  ( 1 1 ) .

The u l t r a v i o l e t  s p e c t r o p h o t o m e t r i c  d e t e c t o r  

has ga in ed  th e  w i d e s t  a c c e p t a n c e .  The a p p l i c a t i o n  f o r  

w hich i t  i s  b e s t  known i s  th e  d e t e c t i o n  o f  amino a c id s  

sep a ra ted  on an ion  exchange column ( 6 , 7 » 1 0 , 1 3 ) .  How­

e v e r ,  t h e  u l t r a v i o l e t  s p e c t r o p h o t o m e t r i c  d e t e c t o r  i s  

e s s e n t i a l l y  a f u n c t i o n a l  group d e t e c t o r ,  the  p o s i t i o n  

o f  s t r o n g  a b s o r p t i o n  s p e c t r a  d ep en d in g  t o  a l a r g e  e x te n t  

on the  f u n c t i o n a l  groups p r e s e n t .  M o n i to r in g  t h e  

absorbance  o f  a s i n g l e  w a v e le n g th  may s e r i o u s l y  l i m i t  

th e  v a r i e t y  o f  compounds which can be d e t e c t e d .

Recent  d e t e c t o r  d e s i g n s  have in c lu d ed  two c e l l s

1
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t h a t  employ d i f f e r e n t i a l  t e c h n i q u e s .  W hile  t h i s  has  

s o lv e d  some prob lem s ,  t h e r e  remains the problem o f  

d e t e c t i n g  a s m a l l  change r e l a t i v e  to  the  l a r g e  c a r r i e r  

s o l v e n t  background.  For exam ple ,  the  d i f f e r e n t i a l  

r e f r a c t o m e t r i c  d e t e c t o r  depends on a la r g e  d i f f e r e n c e  

b etw een  th e  r e f r a c t i v e  in d ex  o f  e l u a t e  t o  be d e t e c t e d  

and t h a t  o f  th e  c a r r i e r  s o l v e n t .  T h is  p r e c l u d e s  t h e  

u se  o f  c e r t a i n  c a r r i e r  s o l v e n t - e l u a t a  c o m b in a t io n s .

In t h e  c o n d u c t i v i t y  d e t e c t o r ,  i f  t h e  e l e c t r o l y t i c  

c o n d u c t i v i t y  o f  th e  c a r r i e r  s o l v e n t  i s  h ig h  and t h e  

i o n s  b e i n g  d e t e c t e d  y i e l d  o n ly  a very s m a l l  i n c r e a s e  

th en  th e  s i g n a l  t o  n o i s e  r a t i o  becomes s m a l l .  T h i s  

has been  p a r t i c u l a r l y  t r o u b le s o m e  f o r  s e p a r a t i o n  o f  

i n o r g a n i c  m ixtures  as  t h e  c a r r i e r  s o l v e n t s  are  u s u a l l y  

a c i d i c .  D e t e c t o r s  w hich  m onitor  a change in  some 

o t h e r  p h y s i c a l  p r o p e r ty  o f  th e  e f f l u e n t  s i m i l a r l y  r e ­

q u ir e  a l a r g e  d i f f e r e n c e  between th e  p h y s i c a l  p r o p e r t y  

o f  th e  c a r r i e r  s o l v e n t  and t h e  e l u a t e  t o  be d e t e c t e d .

D e t e c t o r s  w hich  l a r g e l y  a v o id  t h i s  l i m i t a t i o n  

i n c l u d e  t h e  r o t a t i n g  c h a i n  f lame i o n i z i n g ,  r a d i o a c t i v i t y  

m o n i t o r in g ,  and th e  m ic r o - a d s o r p t i o n  d e t e c t o r s .  The  

f i r s t  two d e t e c t o r s  a re  s p e c i f i c .  The r o t a t i n g  

c h a in  f lam e i o n i z a t i o n  d e t e c t o r  i s  a m odif ied  gas  l i q u i d  

chromatography d e t e c t o r  f o r  c a r b o n - c o n t a i n i n g  compounds.

The second d e t e c t o r  r e q u i r e s  th e  e l u a t e s  t o  be r a d i o ­

a c t i v e .
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Hup© and Bayer ( 1 1 )  d e s i g n e d  th© ra icro-adsorp-  

t i o n  d e t e c t o r .  Th© p r i n c i p l e  o f  th© o p e r a t i o n  i s  s im p l e .  

When an e l u a t e  e n t e r s  t h e  d e t e c t o r  i t  i s  adsorbed on 

a p a c k in g .  The p r o c e s s  o f  a d s o r p t i o n  r e l e a s e s  energy  in  

th© form o f  h e a t .  Two t h e r m i s t o r s  aro p la c ed  in  th® 

d e t e c t o r .  Th© r e f e r e n c e  t h e r m i s t o r  s e n s e s  th© a v e r ­

age t e m p era tu re  o f  th© column © f f l u e n t .  The second  

t h e r m i s t o r  i s  surrounded by a p a c k in g  t h a t  w i l l  adsorb  

th© ©luafca t o  be d e t e c t e d .  Th© h e a t  exchange in  th© 

a d s o r p t i o n  p r o c e s s  i s  measured a s  a change in  th e  tem­

p e r a t u r e  o f  th© p a ck in g .  Th© compound i s  e v e n t u a l l y  

desorbed  b r i n g i n g  th© tem p eratu re  o f  th© p ack in g  back  

t o  t h a t  o f  th e  r e f e r e n c e  t h e r m i s t o r .  Th© d i f f e r e n t i a l  

s i g n a l  o f  t h e  two t h e r m i s t o r s  i s  a m p l i f i e d  and d i s ­

p la y ed  on a r e c o r d e r .  The peak shape observed  i s  not  

n e c e s s a r i l y  sy m m e tr ica l .  A l th o u g h  t h e  h e a t  o f  ad­

s o r p t i o n  and th© h ea t  o f  d e s o r p t i o n  a re  e q u a l ,  th© 

r a t e s  i n v o l v e d  a r e  r a r e l y  e q u a l .  A l s o  th e  rat© a t  

which h e a t  i s  exchanged w i t h  th© c a r r i e r  s o l v e n t  and 

th® d e t e c t o r  w a l l s  i s  s i g n i f i c a n t  t o  peak shape ( 1 5 ) .

I f  t h e  rat© o f  d e s o r p t i o n  i s  s l o w e r  than th© rat© o f  

a d s o r p t i o n  than t h e  peak w i l l  have a p o s i t i v e  d e f l e c ­

t i o n  f o l l o w e d  by a n e g a t i v e  d e f l e c t i o n ,  A re tu r n  to  

b a s e l i n e  i s  made by h ea t  exchange between  p a c k in g ,  

c a r r i e r  s o l v e n t ,  and d e t e c t o r  w a l l s .  Peak shapes  w i l l

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



k

vary from a p p r o x im a te ly  G auss ian  t o  th© f i r s t  d e r i v a ­

t i v e  o f  a G au ss ian  peak.

The m ic r o - a d s o r p t i o n  d e t e c t o r  i s  in  dynamic 

e q u i l i b r i u m  w i th  t h e  c a r r i e r  s o l v e n t .  A d s o r p t io n  o f  

t h e  c a r r i e r  s o l v e n t  i s  e q u a l  t o  d e s o r p t i o n .  Background  

n o i s e  o f  c a r r i e r  s o l v e n t  i n t e r a c t i o n s  i s  not  a l i m i t i n g  

f a c t o r ,  r a t h e r  t h e  l i m i t i n g  background n o i s e  i s  a t t r i b ­

u ted  t o  t h e  e l e c t r o n i c  components .

Hup© and Bayer  c la im ed  th© m ic r o - a d s o r p t i o n  

d e t e c t o r  was u n i v e r s a l  ( 1 1 ) .  The d e t e c t o r  has not  

ga ined  th e  a c c e p t a n c e  t h a t  seemed l i k e l y  ( 2 0 ) .  Papers  

have r e p o r te d  th© u se  o f  th© m ic r o - a d s o r p t i o n  d e t e c t o r  

t o  f o l l o w  ion  exchange s e p a r a t i o n s  o f  b i u r e t ,  d i c y a n i -  

raid®, urea  and u rea  typ e  compounds ( 1 8 ) ,  th© a n io n  

exchange  o f  borat© com plexes  o f  su g a r s  and th e  c a t i o n  

exchange o f  n u c l e o c i d e s  ( 2 0 ) .

No a p p l i c a t i o n  o f  th e  m ic r o - a d s o r p t i o n  d e t e c t o r  

t o  m eta l  ion  s e p a r a t i o n s  has appeared in  t h e  l i t e r a t u r e .  

Th© purpose o f  t h i s  work i s  t o  i n v e s t i g a t e  s y s t e m a t i c a l l y  

p o t e n t i a l  p a c k in g s  and o p e r a t i n g  p aram eters  and t o  

d eterm in e  l i n e a r i t y  and s e n s i t i v i t y  o f  t h e  m ic r o -a d -  

3 o r p t io n  d e t e c t o r  t o  m eta l  i o n s .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



INSTRUMENTATION

A V ar ian  Aerograph Model 1*000 L iq u id  Chromatograph 

©quipped w i t h  a m ic r o - a d s o r p t i o n  d e t e c t o r  was used  

throughout  t h i s  s t u d y .  The b a s i c  sy s t e m  c o n s i s t e d  o f  

th e  d e t e c t o r ,  a c o n s t a n t  tem p eratu re  b a t h ,  a power su p p ly  

and a m p l i f i e r  module,  a h i g h  p r e s s u r e  s o l v e n t  r e s e r v o i r ,  

and a chrom atographic  column. A one m i l l i v o l t  

r e c o r d e r  was added t o  t h e  b a s i c  chromatograph.  Each 

component i s  d e s c r ib e d  in  some d e t a i l .

M ic ro -A d so r p t io n  D e t e c t o r

The m ic r o - a d s o r p t io n  d e t e c t o r ,  F ig u r e  1 ,  i s  based  

on t h e  d e s i g n  d ev e lo p ed  by Hupe and Bayer  ( 1 1 ) .  The 

o u t e r  s h e l l  o f  t h e  d e t e c t o r  i s  composed o f  two s t a i n ­

l e s s  s t e e l  d i s k s  w i t h  o n e - e i g h t h  in c h  Sw agelock  

ty p e  f i t t i n g s  f o r  c o n n e c t i o n  t o  th e  column and to  

a w a s te  r e s e r v o i r  f o r  t h e  e f f l u e n t .  Two matched t h e r ­

m is t o r s  are  used t o  d e t e c t  components p a s s i n g  through  

t h e  d e t e c t o r .  The t h e r m i s t o r s  a re  embedded in  two 

o n e - e i g h t h  in ch  t h i c k  T e f l o n  d i s k s  such  t h a t  th e  e f f l u e n t  

w i l l  p a s s  through  t h e  c a v i t i e s  c o n t a i n i n g  t h e  t h e r m i s t o r s  

s e q u e n t i a l l y .  The upper r e f e r e n c e  c a v i t y  i s  packed  

w i t h  an i n e r t  s u p p o r t ,  i . e . ,  T e f l o n ,  g l a s s  b e a d s ,  e t c .  

and t h e  low er  c a v i t y  i s  packed w i t h  an i n t e r a c t i n g  

m a t e r i a l ,  i . e . ,  i o n -e x c h a n g e  r e s i n ,  s i l i c a  g e l ,

5
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F ig u r e  1 . C ro s s  s e c t i o n  o f  t h e  m i c r o - a d s o r p t i o n  d e t e c t o r

From Column

I

Upper P l a t e
A

V / / .

R e f e r en ce  C e l l  T h erm is to r

/ / i s / f / 7 ' "/ S r / / / / / / ,
Upper D i s k — 
Lower Disk \\W X ...

& ,i x .u z a ^ ' 7 7  7

A d s o r p t io n  C e l l  
T h e r m is to r

Lower P l a t e

"V—i

S t a i n l e s s  S t e e l  
Tubing

To Waste R e s e r v o i r

F ig u re  2 .  S ch em at ic  o f  t h e r m i s t o r s  in  t h e  m ic ro ­
a d s o r p t i o n  d e t e c t o r .

COARSE FINE
AMP

3 VDC

To
Recorder
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c o a t e d  s u p p o rt ,  e t c .  A tem perature  d i f f e r e n c e  o f  

6 x10-5*0  (15)  can be measured. To p r e v e n t  l o s s  or  

m ixing  o f  s u p p o r t s ,  o n e - h a l f  inch square  s t a i n l e s s  

s t o o l  s c r e e n s ,  325  mash, a re  p laced  b e f o r e ,  b e tw een ,  

and a f t ' r  the  T e f l o n  d i s k s .

Water Bath

The r a i c r o -a d so r p t io n  d e t e c t o r  r e q u i r e s  a very  

s t a b l e  theruaal environment  t o  minimize b a s e l i n e  d r i f t  

and changes  in s e n s i t i v i t y , ,  The water  bath  h o l d s  5*8  

l i t e r s  o f  w a ter .  There  i s  two in c h e s  o f  foam i n s u l a t i o n  

betw een  the  inner  and o u t e r  s t a i n l e s s  s t e e l  s h e l l s .

A s t i r r i n g  mechanism i s  in c lu d e d  t o  minimize t h e  tem­

p e r a t u r e  g r a d i e n t s .  Heat l o s s  co r r e s p o n d in g  to  a 

tem perature  change on t h e  order  o f  one c e n t i g r a d e  

d eg ree  p er  two hours  was observed  a t  55°G.

Power S u p p ly  and A m p l i f i e r  Module

A s o l i d  s t a t e  power sup p ly  and a m p l i f i e r  module 

i s  s u p p l i e d  w i t h  t h e  b a s i c  chromatograph.  The t h e r ­

m is t o r s  are co n n e c te d  as  two arms o f  a W heatstone b r i d g e ,  

F i g u r e  2 .  The s i g n a l  i s  a m p l i f i e d  t o  d r i v e  a on© 

m i l l i v o l t  r e c o r d e r .  A t t e n u a t i o n  i s  a v a i l a b l e  from  

t h e  most s e n s i t i v e  s e t t i n g  o f  x l  t o  th e  l e a s t  s e n s i t i v e  

s e t t i n g  o f  x 5 l 2  by n in e  powers o f  two.
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C a r r ie r  S o l v e n t  R e s e r v o i r

A s t a i n l e s s  s t e e l  c a r r i e r  s o l v e n t  r e s e r v o i r  w i t h  

a c a p a c i t y  o f  J?00 rai  u s e d .  A tank  o f  compressed  

h e l iu m  was co n n e c ted  t o  th e  c a r r i e r  s o l v e n t  r e s e r v o i r  

to  p r o v id e  p r e s s u r e s  up t o  70 p s i .  An i n j e c t o r  b lo c k  

i s  co n n ec ted  t o  t h o  c a r r i e r  s o l v e n t  r e s e r v o i r  and has  

a o n e - e i g h t h  in c h  S w age lock  ty p e  f i t t i n g  t o  c o n n ec t  t o  

th e  chrom atograph ic  column.

Chromatographic Columns

Two ch rom atograph ic  columns were u s e d .  A r e s t r i c t -  

or column s u p p l i e d  w i t h  t h e  in s tru m en t  was used in  th e  

su r v ey  work. A s i x  in c h  by o n e - e i g h t h  in ch  o . d .  s t a i n ­

l e s s  s t e e l  r e s t r i c t o r  column p r o v id e d  a back p r e s s u r e  

o f  8 p s i  a t  f lo w  r a t e s  o f  30 ml p er  h ou r .  A Chromatronix  

Microbore Chromatographic Column Model number MB-2-150 

packed w i t h  s i l a n i 2ed g l a s s  b ead s  was used in  a l l  o t h e r  

work. The g l a s s  column was l £ . 0  cm l o n g  by a 2 . 0  .mm i . d .  

Chromatronix o n e - e i g h t h  in ch  s t a i n l e s s  s t e e l  c o n n e c t o r s ,  

Model number 107A20, were used t o  co n n ec t  t h e  column  

t o  t h e  i n j e c t o r  and t h e  d e t e c t o r .  A l l  o t h e r  t u b in g  

was o n e - e i g h t h  in ch  T e f l o n .

8
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R ecorder

Two r e c o r d e r s  were employed in  t h i s  s t u d y .  The 

f i r s t  r e c o r d e r ,  a Honeywel l  E l e c t r o n i k ,  Model number 

Yll*3X( 57) - ( VB) -IX - I I I - (  28) - M , was a one m i l l i v o l t  

r e c o r d e r  w i t h  a c h a r t  d r i v e  o f  two m inutes  p er  in c h .

I t  was u sed  f o r  su rv ey  work. The seco n d  r e c o r d e r  

was a H on eyw el l  E l e c t r o n i k  Model number 19i|.  I t  was 

s e t  t o  one m i l l i v o l t  in p u t  and had a v a r i a b l e  c h a r t  

d r i v e .  Two c h a r t  d r i v e  sp e e d s  were u s e d .  A c h a r t  

d r i v e  o f  10 s e co n d s  p e r  in ch  was used t o  a d j u s t  th© 

f lo w  r a t e  and th© d a ta  f o r  o t h e r  work was tak en  w i th  

a c h a r t  d r i v e  o f  î Q s eco n d s  p er  in c h .

9
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REAGENTS AND SOLUTIONS

A l l  r e a g e n t s  used in  t h i s  s tudy  were r e a g en t  grade  

e x c e p t  BeC l2 , CsCl,  InCl^ and TINOy Th© CsCl and TINO^ 

were P i s h e r ,  p u r i f i e d .  A l l  s o l u t i o n s  were prepared by 

d i r e c t  w e ig h in g  and a p p r o p r ia te  d i l u t i o n s ,  C a r r i e r  

s o l v e n t s ,  aqueous NaNO  ̂ and NaCl, were prepared by  

d i l u t i o n  o f  5 - 0  H s to c k  s o l u t i o n s .  The pH was a d ju s ted  

by the  a d d i t i o n  o f  10"^ M HNÔ  or 10“^ N HC1.

S o l u t i o n s  o f  m eta l  io n s  used in th e  su r v e y  work 

were 0 . 0 1  F prepared by d i r e c t  w e ig h in g  and made a c i d i c  

or b a s i c  as n e c e s s a r y  t o  keep them in s o l u t i o n .  Metal  

ions  used in c lu d e d  A l ( I I I ) ,  B a ( I I ) ,  B i ( I I I ) ,  C a ( I I ) .  

C d ( I I ) ,  C o ( I I ) ,  C r ( I I I ) ,  C s ( I ) ,  C u ( I I ) ,  F e ( I I I ) ,  H g ( I ) ,  

H g ( I I ) ,  I n ( I I I ) ,  L i ( l ) ,  M g (II ) ,  M n(II ) ,  N i ( I I ) ,  P b ( I l ) ,  

S n ( I I ) ,  S r ( I l ) ,  T 1 ( I ), U (V I) ,  Z n ( I I )  and Z r ( I V ) .

S o l u t i o n s  o f  tnetal ions  used in the  f a c t o r i a l  experim ent  

were 0 . 0 1  P n i t r a t e  or c h l o r i d e  s a l t s  o f  N i ( I I ) ,  C a (II )  

and C s ( I ) .  Sodium c h l o r i d e  or n i t r a t e  and HC1 or HNÔ  

was added t o  g i v e  the  same c o n c e n t r a t i o n  as  t h e  c a r r i e r  

s o l v e n t .  S o l u t i o n s  o f  m eta l  i o n s  used t o  de term in e  

l i n e a r i t y  and s e n s i t i v i t y  were prepared by d i l u t i o n  o f  

a p p r o p r ia te  a l i q u o t s  o f  s t o c k  1 . 0  F s o l u t i o n s  o f  the  

metal  i o n s  and s t o c k  5*0 M c a r r i e r  s o l v e n t  s o l u t i o n s .

D e t e c t o r  p a ck in g s  used in  t h e  r e f e r e n c e  c e l l  were 

H a lo p o r t  F ,  6 0 / 8 0  mesh, F and M S c i e n t i f i c  and S o l i d

10
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G la s s  B e a d s ,  200/3l}.0 mesh, A n a lab s .  D e t e c t o r  p a ck in g s  

i n v e s t i g a t e d  as  p o t e n t i a l  su p p o rt s  were:

A m b e r l i t e  CG-50, 200/1+00 Mesh, Baker  

Dowex C h e l a t in g  R e s i n ,  5 0 /1 0 0  Mesh, Sigma 

Dowex 5 0 ,  x - 8 ,  200/1+00 Mesh, Sigma 

P o r a s i l  B, 1 0 0 /1 5 0  Mesh, A ppl ied  S c i e n c e  

Porous G la s s  B e a d s ,  8 0 /1 0 0  Mesh, A p p l ied  S c i e n c e  

S i l i c a  G e l ,  Chromatographic g rad e ,  Baker  

The Dowex C h e l a t i n g  R e s in  was ground and s e i v e d  t o  a 

200 / 31+0 mesh range .

Two r e v e r s e d  l i q u i d  phase pack in gs  were u se d .  A 

d i - n - o c t y l - p h o s p h i n i c  a c i d ,  H(D0P), exchanger  was p r e ­

pared by add ing  a s o l u t i o n  o f  5*0 ml 0 .1 0 0  P H(D0P) in  

sym -te trab rom oeth an e  and 5*0 ml a c e to n e  t o  6 .6 7  g o f  

C e l i t e ,  s t i r r i n g  t o  a u n i fo r m  c o n s i s t e n c y ,  th e n  l e t t i n g  

t h e  m ixture  s tand  in  an open c o n t a in e r  u n t i l  th e  ob­

ser v e d  w e ig h t  l o s s  had co rresp on d ed  to  the  e v a p o r a t io n  

o f  t h e  a c e t o n e .  Porous  g l a s s  beads were impregnated by 

p l a c i n g  them, covered  w i t h  b i s - ( 2 - e t h y l h e x y l ) o r t h o p h o s ­

phor i c  a c id ,  HDEHP, e x c h a n g er  under vacuum f o r  two d a y s .  

Water was added and e x c e s s  HDEHP was d i s p e r s e d  by shak­

in g  and d e c a n t i n g  s i x  t i m e s .

S o l i d  g l a s s  beads  were s i l a n i z e d  w i t h  d i m e t h y l -  

d i c h l o r o s i l a n e , DMCS. A 50 ml beaker  c o n t a i n i n g  15 ml 

o f  DMCS was p la c e d  in  a d e s i c c a t o r  a lo n g  w i t h  a p e t r i  

d i s h  h a l f  f u l l  o f  s o l i d  g l a s s  b e a d s .  A f t e r  one week,
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the b e a d s  wore  r e m o v e d ,  washed  f o u r  t imea w i t h  

100 ml o f  m e t h a n o l ,  and d r i e d  f o r  t h r e e  h o u r s  a t  

I 0 3 ° c .
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SURVEY OP DETECTOR PACKINGS

Packings  which have been s u c c e s s f u l l y  used  w i t h  

th© m icro ~a d 3 o rp t io n  d e t e c t o r  are  th e  same a s  th o se  

used in  columns to  perform s e p a r a t i o n s .  Adsorbent  

m a t e r i a l s  used in  l i q u i d  chromatography in c l u d e  s i l i c a  

g e l s ,  porous g l a s s ,  a lu m in a ,  and F l o r o s i l .  I o n  e x ­

change r e s i n s  have been used t o  d e t e c t  s e v e r a l  ty p e s  

o f  o r g a n ic  compounds. As p o t e n t i a l  p a c k in g s  porous  

g l a s s  and s i l i c a  g e l  were ch osen  to  r e p r e s e n t  s t r o n g  

a d s o r b e n t s .  The a p p l i c a t i o n s  o f  ion exchange r e s i n s  to  

m eta l  ion  s e p a r a t i o n s  i n d i c a t e  s t r o n g  i n t e r a c t i o n s .  A 

s t r o n g  a c id  r e s i n ,  Dowex $0 .  a weak a c i d  r e s i n ,  Amber- 

l i t e  CG-5 0 , and a c h e l a t i n g  r e s i n  were in c lu d e d  in  the  

s u r v e y .  The r e c e n t  d ev e lo p m e nts  in  r e v e r s e d - l i q u i d  

phase chromatography make i t  d e s i r a b l e  t o  in c lu d e  

two such  m a t e r i a l s ,  d i - n - o c t y l  p h o sp h in ic  a c i d  and 

b i s {  2 - e t h y l h e x y l ) p h o s p h o r i c  a c i d .  These io n  exchangers  

have been  used t o  s e p a r a t e  r a r e  e a r t h s . ( 3 » 19)•

A r e f e r e n c e  m a t e r i a l  was sought  t h a t  was i n e r t  or  

_̂pn© t h a t  enhanced th e  o b se r v ed  r e s p o n s e ,  Haloporfc P,  

s o l i d  g l a s s  b e a d s ,  and s i l a n i z e d  g l a s s  beads were 

i n v e s t i g a t e d .  Th© main f u n c t i o n  o f  t h e  r e f e r e n c e  

p a c k in g  was t o  minimize dead volume in  th© d e t e c t o r .

13
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Procedure

The apparatus  used t o  pack th e  d e t e c t o r  c o n s i s t e d  

o f  a o n e - l i t e r  vacuum f l a s k  f i t t e d  w i t h  a rubber s t o p p e r .

A t h r e e  in c h  p i e c e  o f  o n e - e i g h t h  in ch  O.D. s t a i n l e s s  s t e e l  

t u b i n g  was f i t t e d  w i t h  a Swage lo c k  nut and f e r r u l e s .

The t u b i n g  was i n s e r t e d  in  th e  rubber s t o p p e r .  As a 

vacuum s o u r c e  a w ater  a s p i r a t o r  was used e x c e p t  in  the  

c a s e  o f  H a lo p o r t  P which r eq u ir e d  a vacuum pump.

A f t e r  f i l l i n g ,  th e  d e t e c t o r  was l e a k  t e s t e d  w i t h  t h e  

a p p a ra tus  shown in  F ig u r e  The l e a k - t e s t i n g  apparatus  

c o n s i s t e d  o f  o n e - e i g h t h  inch  s t a i n l e s s  s t e e l  t u b i n g ,  

two o n e - e i g h t h  in ch  Swagelock  to  o n e - e i g h t h  inch  p ip e  

u n i o n s ,  a 0 -3 0  p s i  guage w i t h  o n e - e i g h t h  in ch  p ip e  

f i t t i n g ,  and a s t a i n l e s s  s t e e l  t e e  w i t h  o n e - e i g h t h  

in ch  p ip e  t h r e a d s .  The d e t e c t o r  was co n n ec te d  and th e  

d e t e c t o r  o u t l e t  was capped w i t h  a o n e - e i g h t h  in ch  

Swagelock  cap .  The p r e s s u r e  was i n c r e a s e d  t o  30 p s i .

The v a l v e  a t  t h e  He tank  was turned  o f f .  The d e t e c t o r  

m ain ta in ed  a p r e s s u r e  o f  30 p s i  f o r  15 m in u te s .  The 

l i q u i d  chromatograph was assem bled  w i t h  a r e s t r i c t o r  

column in  p l a c e .  I f  more than 1+0 p s i  was r e q u ir e d  

t o  a t t a i n  a f lo w  r a t e  o f  20 m l /h r  t h e  d e t e c t o r  was rep ack ­

e d .  Plow r a t e s  were a d j u s t e d  t o  I4.0 m l /h r  f o r  one h a l f  

hour t o  wash th e  p a ck in g  and a l lo w  i t  t o  e q u i l i b r a t e  w i t h  

th e  c a r r i e r  s o l v e n t .
11*
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I n j e c t i o n s  o f  f i v e  m i c r o l i t o r  a l i q u o t s  o f  

0 . 0 1  P m eta l  ion  s o l u t i o n s  were made. At l e a s t  e i g h t  

d i f f e r e n t  m eta l  i o n s  were i n j e c t e d .  P a ck in g s  which  

gave d e s i r a b l e  r e s p o n s e s  were i n v e s t i g a t e d  f u r t h e r  by 

i n j e c t i n g  up t o  tw en ty  d i f f e r e n t  m etal  ion s  and f i v o  

m i c r o l i t e r s  o f  0 . 1  N HC1. A l l  s o l u t i o n s  and equipment  

wore a t  room t e m p e r a tu r e ,  23£ l ° C .

D5.scussion

The r e f e r e n c e  c e l l  was packed w i th  H a lo p o r t  P,  

s o l i d  g l a s s  b e a d s ,  or  s i l a n i z e d  g l a s s  b e a d s ,  Dowex $0,  

x -8  b e i n g  used as  th e  a d s o r b e n t .  The o b se rv e d  r esp o n se  

f o r  H a lo p o r t  P was g r e a t e r  than t h a t  f o r  s o l i d  g l a s s  

b e a d s ,  and th e  shapes  o f  th e  p e a k s ,  e s p e c i a l l y  t h e  t r a i l -  

e d g e s ,  s u g g e s t e d  a s low  i n t e r a c t i o n  o f  some c a t i o n s  w i th  

th e  l a t t e r  p a c k in g .  S i n c e  t h e  r e f e r e n c e  c e l l  pack ing  

shou ld  be t o t a l l y  i n e r t  t o  t h e  e l u a t e ,  t h i s  i s  u n d e s i r a b l e .  

F u rth er  i n v e s t i g a t i o n  i n d i c a t e d  th e  s i l a n i z e d  g l a s s  

beads  gave a re sp o n se  e q u i v a l e n t  t o  t h a t  o f  H a lop ort  P.  

S i l a n i z e d  g l a s s  beads  were e a s i e r  t o  h a n d le  and to  

pack i n t o  th e  d e t e c t o r .  A l s o ,  th e  H a lo p o r t  m a t e r i a l  

compacted under p r e s s u r e ,  s e v e r l y  r e s t r i c t i n g  f lo w  

r a t e  and r e q u i r i n g  f r e q u e n t  r e p a c k in g .  For t h e s e  

r e a s o n s ,  s i l a n i z e d  g l a s s  beads  were th© p r e f e r r e d  

p a c k in g .

T a b le  I l i s t s  th© c o m b in at ion s  o f  d e t e c t o r
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DETECTOR PACKINGS

0 . 1  M NaCl

CARRIER SOLVENTS

0 . 0 1  N UNO

Dowex 5 0 ,  x - 6  

A m b e r l i t e  CG-50 

Dowex C h e l a t i n g  R e s i n
O

P o r o u s  G l a s s ,  25 A p o r e  s i z e  

P o r o u s  G l a s s ,  200 X 

S i l i c a  G e l  

H(DOP) on C e l i t e -̂

HDEHP on  P o r o u s  G l a s s ,  200  A

X

X

X

X

X

*  F lo w  r a t e s  w e re  u n s a t i s f a c t o r y

TABLE I ,  COMBINATIONS OF SORBENT-CARRIER SOLVENTS SURVEYED



p a ck in g s  and c a r r i e r  s o l v e n t s  t r i e d .  Porous g l a s s  beads  

gave a good resp o n se  w i th  d i s t i l l e d  w a te r .  However,  

peak shap es  and r e s p o n se s  were not r e p r o d u c ib le  from  

i n j e c t i o n  t o  i n j e c t i o n .  S i l i c a  g e l  d id  not g i v e  a 

s t e a d y  b a s e l i n e  and showed very  l i t t l e  r e s p o n s e .  

R ev ersed -p h a se  p a ck in g s  gave u n s te a d y  b a s e l i n e s .  Re­

sponse was low w i t h  the  l a r g e s t  peaks e x h i b i t i n g  

t a i l i n g ,  s e v e r e l y  in some i n s t a n c e s .

Dowex 5 0 ,  x - 8 , 200/i}.00 mesh ion  exchange res  in  

e x h i b i t e d  r e p r o d u c i b l e  peak shapes  and an a c c e p t a b l e  

b a s e l i n e ,  a l th o u g h  s e n s i t i v i t y  v a r ie d  from one c a t i o n  

t o  a n o t h e r .  Changing c a r r i e r  s o l v e n t  from 0 . 0 1  H HG1 

t o  .001  I f  HNÔ  i n c r e a s e d  s e n s i t i v i t y  t o  s e v e r a l  m eta l  

i on s  and d e c r e a s e d  s e n s i t i v i t y  t o  o t h e r s .  The r e s p o n s e  

t o  an a l i q u o t  o f  0 . 1  N HC1 was g r e a t e r  than t h a t  f o r  

th e  m eta l  i o n s .  In g e n e r a l  th e  trend  was toward 

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

The weakly  a c i d i c  ion exchange r e s i n ,  A m b er l i te  

CG-50,  200/i |Q0 raosh, e x h i b i t e d  good re sp o n se  c h a r a c t e r ­

i s t i c s  w i t h  0 . 1  N HNO3 . Peak shapes  were w e l l  d e f in e d  

and narrow. Response e q u a l l e d  or exceeded  t h a t  o f  

Dowex 5 0 ,  x - 8 .

The Dowex C h e l a t i n g  R es in  e x h i b i t e d  good r e s p o n se  

c h a r a c t e r i s t i c s .  However, r e s p o n s e s  were e q u a l  f o r  

a l l  c a t i o n s  e x c e p t  F e ( I I I ) .  F u r th er  i n v e s t i g a t i o n  

by i n j e c t i n g  d i s t i l l e d  w ater  and s o l u t i o n s  o f  N i ( I I )
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at  s e v e r a l  c o n c e n t r a t i o n s  showed t h a t  the o b se r v ed  

peaks  were dependent  on volume i n j e c t e d  and were  

in dependent  o f  N i ( I I )  c o n c e n t r a t i o n .  A p p a r e n t ly  t h e  

r e s p o n s e  was s im p ly  due t o  change in th e  i o n i c  s t r e n g t h  

o f  th e  c a r r i e r  s o l v e n t ,  so  t h i s  p ack in g  was not  i n v e s t ­

i g a t e d  f u r t h e r .

Equipment l i m i t a t i o n s  were c o n s id e r e d  in  c h o o s in g  

a p a c k in g  f o r  f u r t h e r  s t u d y .  The h igh  a c i d  c o n c e n t r a t i o n s  

used  w i th  Dowex 5 0 ,  x - 8 , caused  d i s c o l o r a t i o n  o f  p a c k in g .  

A p p a r e n t l y ,  th e  m eta l  s u r f a c e s  o f  the  equipment were  

a t t a c k e d  and i r o n  s a l t s  were adsorbed onto  t h e  r e s i n .

A f t e r  s e v e r a l  hours  t h e  d e t e c t o r  had to  be  r ep a c k e d .

Thus A m b er l i te  CG-$0 was ch osen  f o r  f u r t h e r  s t u d y .

The c h a r a c t e r i s t i c s  o f  t h e  A m b e r l i t e  CG-50 r e s i n  shou ld  

be s i m i l a r  t o  t h e  Dowex £0 r e s i n  e x c e p t  f o r  t h e  range  

o f  pH over  which a w ea k ly  a c i d i c  r e s i n  w i l l  undergo  

c a t i o n  exchange .
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FACTORIAL STUD? OF OPERATING PARAMETERS

S e v e r a l  p aram eters  ar© known t o  a f f e c t  t h e  resp on se  

o f  th e  m ic r o - a d s o r p t i o n  d e t e c t o r .  U t i l i z a t i o n  o f  the  

d e t e c t o r  r e q u i r e s  o p t i m i z a t i o n  o f  t h e s e  param eters  

and d e t e r m i n a t i o n  o f  t h e  l i m i t s  w i t h i n  whioh t h e y  can 

be v a r i e d ,  w i th o u t  undue l o s s  o f  r e s p o n s e .  The d e t e c t o r  

£s f lo w  s e n s i t i v e ,  changes  in  f lo w  rat© g i v i n g  r i s e  to  

l a r g e  d e f l e c t i o n s  and u n s te a d y  b a s e l i n e s  w i t h  r ec o v e ry  

b e i n g  f a i r l y  f a s t  ( 1 6 ) .  The d e t e c t o r  i s  tem perature  

s e n s i t i v e ,  hence  t h e  need f o r  a s t a b l e  th erm a l  e n v i r o n ­

ment. D i f f e r e n t  c a r r i e r  s o l v e n t - s o r b e n t - e l u a t e  combin­

a t i o n s  g i v e  d i f f e r i n g  r e s p o n s e s  ( 1 5 ) .  C a t io n  d i s t r i ­

b u t i o n  on io n -e x c h a n g e  r e s i n s  depends on pH, i o n i c  

s t r e n g t h ,  t e m p e r a tu re  and sometimes t h e  an io n  p r e s e n t ,  

so t h e s e  param eters  must be c o n s i d e r e d .

In order  t o  s tu d y  th e  s i g n i f i c a n c e  and i n t e r • 

dependence o f  p aram eters  a f a c t o r i a l  ex p er im en t  was 

d e s i g n e d .  Throe m eta l  c a t i o n s  were ch osen  t o  be indep­

en d en t  v a r i a b l e s .  During t h e  p a c k in g  s u r v e y ,  some 

c h o sen  c a t i o n s 5 e . g .  A l ( I I I )  and F © ( I I I )  were s t r o n g l y  

adsorbed on th e  A m b e r l i t e  CG-50 ion  exchange r e s i n ,  t h e i r  

peaks showed c o n s i d e r a b l e  t a i l i n g  and t h e  peak a r e a s  were 

hard t o  r e p r o d u c e .  Others  showed more d e s i r a b l e  re sp o n se  

c h a r a c t e r i s t i c s .  From t h i 3 l a t t e r  group N i ( I I ) ,  C a ( I I )  

and C s ( I )  were ch o se n  as  r e p r e s e n t a t i v e  o f  t r a n s i t i o n

20

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



2 1

m e t a l s , a l k a l i n e  e a r t h s  and a l k a l i  m e ta l s  r e s p e c t i v e l y .

Dependent v a r i a b l e s  used in c lu d e d  t h o s e  mentioned  

p r e v i o u s l y j  namely t e m p e r a tu r e ,  pH o f  th e  c a r r i e r  s o l ­

v e n t ,  s a l t  c o n c e n t r a t i o n  o f  t h e  c a r r i e r  s o l v e n t ,  an ion  

o f  t h e  m eta l  i o n s  and c a r r i e r  and t h e  s i z e  o f  th e  

i n j e c t e d  sam ple .  T a b le  I I  l i s t s  th e  l e v e l s  chosen  f o r  

each  dependent  v a r i a b l e .  Temperatures  c h o sen  were room 

t e m p e r a tu r e ,  2 3 ° C, and 35° C. A h i g h e r  tem p eratu re  was 

the  c h o i c e  f o r  l e v e l  tw o ,  to  p r o v id e  an i n c r e a s e  in 

d i f f u s i o n  and t r a n s f e r  r a t e s .  The u s e f u l  pH range  

f o r  weakly  a c i d i c  ion  exchange r e s i n s  i s  3 and h i g h e r .

A c h o i c e  o f  pH $ and pH7 was made t o  keep  w e l l  w i t h in  

t h e s e  l i m i t s .  C o n c e n t r a t io n  l e v e l s  o f  th e  c a r r i e r  

s o l v e n t  were ch o sen  as  1 H and 0 .2  M t o  p r o v id e  r e l a t i v e ­

l y  s t r o n g  e l u t i n g  power.  The s a l t s  u sed  in  t h e  c a r r i e r  

s o l v e n t  were NaCl and NaNO^. These  two a n io n 3 p ro v id e  

a v a r i e t y  o f  m e ta l  i o n s  h a v in g  h ig h  s o l u b i l i t i e s ,  w h i l e  

r e p r e s e n t i n g  a f a i r l y  good l i g a n d  and a very  poor one.

L a s t l y  t o  i n v e s t i g a t e  l i n e a r i t y  o f  r e s p o n se  w i t h  amount 

o f  c a t i o n  i n j e c t e d  and volume c o n t a i n i n g  i t ,  a l i q u o t s  

o f  2 ,  L|, and 8 m i c r o l i t e r s  o f  0 . 1  F m eta l  i o n s  were  

c h o s e n .  Three  p o i n t s  a l lo w  f o r  l i n e a r i t y  measurements  

and p r o v id e  good r e s p o n s e s .
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VARIABLE LEVEL 1 LEVEL 2 LEVEL 3

T e m p e r a t u r e ,  °C 23 35

A n i o n  o f  t h e  C a r r i e r  S o l v e n t N i t r a t e Ch.lor  id  a

C o n c e n t r a t i o n  o f  t h e  
C a r r i e r  S o l v e n t 1 . 0  M o • r\) o

C a r r i e r  S o l v e n t  pH 7 r*

I n j e c t i o n  S i z e ,  m i c r o l i t e r s 2 . 0 l+.O b .0

M e t a l  C a t i o n s N i (  1 1 ) C aC H  ) C s t I  )

TABLE I I .  LEVELS OP MAIN VARIABLES



Procedure

The A m b er l i te  CG-50, 200/1^.00 Mesh, weak a c i d  ion  

exchange r e s i n  was s w o l l e n  w i t h  d i s t i l l e d  w a ter  f o r  two 

d a y s .  A p p rox im ate ly  100 ml o f  s w o l le n  r e s i n  was p la ced  

in a one l i t e r  beaker  and 800 ml o f  d i s t i l l e d  w a ter  was 

added.  The r e s i n  was s t i r r e d  v i g o r o u s l y  and a l lo w e d  

t o  s e t t l e  f o r  2 . 5  m in u tes .  The r e s i n  was d e c a n te d  in to  

a n o th e r  one l i t e r  b ea k er .  To t h e  r e s i n  rem a in in g  in the  

beaker  800  ml o f  d i s t i l l e d  w a ter  was added,  s t i r r e d ,  

s e t t l e d  and decanted  a s  b e f o r e .  The p r o c e s s  was r e p ea ted  

s i x  t i m e s . S e t t l i n g  t ime was then  i n c r e a s e d  t o  f i v e  

minutes  and re p e a ted  s i x  t i m e s .  S e t t l i n g  t im e  was 

a g a in  i n c r e a s e d  t o  7*5  m inutes  and f i n a l l y  t o  t e n  

m in u te s .  The 2 . 5  t o  f i v e  m in u te ,  f i v e  minute t o  7*5  

m inute ,  and 7*5  t o  ten  minute f r a c t i o n s  were r e t a i n e d  

f o r  f u r t h e r  work.  The d e t e c t o r  was packed w i t h  t h e  2 . 5  

t o  f i v e  minute s i z e  r e s i n  and t h e  r e f e r e n c e  c e l l  was 

packed w i t h  s i l a n i z e d  g l a s s  b e a d s .

C a r r ie r  s o l v e n t s  were made by d i l u t i n g  a p p r o p r ia t e  

a l i q u o t s  o f  s t o c k  s a l t  s o l u t i o n s  and a l i q u o t s  o f  10 N 

HC1 or HNO  ̂ t o  500 ml. M eta l  ion  s o l u t i o n s  were p r e ­

pared from 1 .0  P s to c k  s o l u t i o n s  by d i l u t i n g  a p p r o p r ia te  

a l i q u o t s  o f  s t o c k  m eta l  io n  s o l u t i o n s ,  s t o c k  s a l t  

s o l u t i o n s ,  and 1 0 '^  M HC1 or HNÔ  t o  50 ml.  Temperature  

o f  th e  w a te r  b a th  was a d j u s t e d  by adding  h o t  or c o ld
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ta p  w a t e r .  Flow r a t e s  were a d j u s t e d  t o  30 m l /h r .  The 

r e c o r d e r  speed was I4.0 s e c / i n .  A f t e r  a l l o w i n g  one h a l f  

hour f o r  s t a b i l i z a t i o n  o f  t h e  b a s e l i n e ,  2 , 1$. and 8 

m i c r o l i t e r  a l i q u o t s  o f  m e ta l  ion  s o l u t i o n s  were i n j e c t e d  

w i t h  a t e n  m i c r o l i t e r  H am il ton  s y r i n g e .  Peaks  were  

a t t e n u a t e d  t o  g i v e  a I4.5 - 90$ d e f l e c t i o n  where p o s s i b l e .

A l l  i n j e c t i o n s  were made in  t r i p l i c a t e .

D i s c u s s i o n

Both  peak h e i g h t s  and peak a r e a s ,  as  c a l c u l a t e d  

from h e i g h t  t im e s  w id th  a t  h a l f  h e i g h t ,  were measured.  

G e n e r a l l y  peak a r e a s  proved t o  be more r e p r o d u c i b l e  

and so were used in  a n a l y z i n g  t h e  d a t a .  A l l  peak a r e a s  

were c o r r e c t e d  f o r  a t t e n u a t i o n  and n orm alized  to  a 

f o u r  m i c r o l i t e r  sam ple .  The r e s u l t s  were s u b j e c t e d  t o  

an a n a l y s i s  o f  v a r i a n c e  u s i n g  G en era l  E l e c t r i c  t ime  

s h a r e  computer program s,  I4ANV2$ and MAUV3$ ( 9 ) .  The 

r e s u l t i n g  F r a t i o s  are  shown in  Appendix I ,  and s i g n i f ­

i c a n t  v a r i a b l e s  are  l i s t e d  in  T a b le  I I I  in  order  o f  

d e c r e a s i n g  F.

Temperature was c o n s i s t e n t l y  t h e  most important  

v a r i a b l e ,  t h e  a v e ra g e  a re a  a t  35°C b e i n g  a p p ro x im a te ly  

V~$> g r e a t e r  than a t  room te m p e r a tu r e .  C o n c e n tr a t io n  

o f  s a l t  in  t h e  c a r r i e r  s o l v e n t  was very  s i g n i f i c a n t ,  

t h e  1 M s a l t  c o n c e n t r a t i o n  g i v i n g  a p p r o x im a te ly  20$ 

g r e a t e r  average  r e s p o n s e s .  T h is  i s  not s u r p r i s i n g  as
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VARIABLES N i ( I I )  
Rank L e v e l Rank

C a ( I I )
L e v e l Rank

Cs( I ) 
L e v e l .

T e mpe ra t  u r o , ° C (T) 1 35°  c 1 3 5 ° c 1 35° C

C a r r i e r  S o l v e n t  
Anion  (A)

2 Cl" 3 C l ” - -

C a r r i e r  S o l v e n t  
C o n c e n t r a t i o n

k
(C)

1 . 0  M 2 0 . 2  M 2 0 .2  M

T x A 3 35° c - c i " k 3 5 ° e - c i “ k 35° c - C 1”

T x C 5 3 5 ° c - i . o  m 6 3 5 ° c - 0 . 2  M - -

A x C 6 C l ” - 0 . 2 M 5 C l “ - 0 . 2  M 3 NO3 - I . O  M

C a r r i e r  S o l v e n t  
pH (P)

— -  * 7 pH 7 — -

Sample S i z e  ( S ) - - 8 8 y«l - -

T x P 8 35°C-pH 7 9 35° c-pH 7 5 35°C"pH 7

T x S - - 10 3 5 ° C - 8  f j l - -

A x P 7 C l ' -p H  7 - - 6 Cl"-pH 7

K I n s i g n i f i c a n t V a r i a b l e

TABLE I I I .  VARIABLES AND INTERACTIONS IN THE ORDER OF DECREASING SIGNIFICANT 
F RATIOS WITH THE LEVEL OF GREATEST AVERAGE RESPONSE

(V)'n
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t h e s e  two v a r i a b l e s  a re  known t o  a f f e c t  s e p a r a t i o n s  

performad on ion  exchange r e s i n s .  The an ion  used was 

s i g n i f i c a n t  f o r  n i c k e l  and c a l c iu m  but not f o r  ce s iu m ,  

a g a i n ,  t h e  c h l o r i d e  g i v i n g  about 1 g r e a t e r  average  :■ 

r e s p o n s e .  T h i s  seems c o m p a t ib le  w i t h  th e  coraplexing  

b e h a v io r  of  t h e s e  s y s t e m s .  The i n t e r a c t i o n  between  

v a r i a b l e s  c o r r e l a t e d  w i t h  the  v a r i a b l e s  t h e m s e l v e s ,  

th e  more s i g n i f i c a n t  ones  h a v in g  t h e  more s i g n i f i c a n t  

i n t e r a c t i o n s .  In  t h o s e  c a s e s  where th e  i n t e r a c t i o n s  

were not  s y n e r g i s t i c  t h e  i n t e r a c t i o n  e f f e c t s  must have  

been s m a l l e r  than th e  e f f e c t s  o f  th e  main v a r i a b l e s .

Of t h e  v a r i a b l e s  i n v e s t i g a t e d ,  pH and s i z e  o f  

sample i n j e c t e d  were not  s i g n i f i c a n t  by th e  P r a t i o  

t e s t  whan the  l a t t e r  was n o r m a l i s e d .  L i n e a r i t y  o f  sample 

s i z e  f o r  th e  range o f  m i c r o l i t e r s  i n j e c t e d  i s  thus  

e s t a b l i s h e d .  The la c k  o f  a s i g n i f i c a n t  P r a t i o  f o r  th e  

pH i s  s u r p r i s i n g .  Such a r e s u l t  seems i n c o n s i s t e n t  

w it h  l i t e r a t u r e  on pH dependence o f  ion  exchange r e s i n s .

The v a l u e s  chosen may r e p r e s e n t  t o o  s m a l l  a ra n g e ,  

or may l i e  on o p p o s i t e  s i d e s  o f  an optimum pH.
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The parameters  which wore found to  have s i g n i f ­

i c a n t  P r a t i o s  In the  f a c t o r i a l  exper im ent  were i n v e s t ­

i g a t e d  f u r t h e r .  The i n c l u s i o n  o f  pK was maao to  

v e r i f y  th e  sm a l l  F r a t i o .  The e f f e c t  o f  the  an ion  

was not i n v e s t i g a t e d .  P r a c t i c a l  c o n s i d e r a t i o n s  p r e c l u d ­

ed the  uso o f  s e r i e s  o f  s a l t s  and c a r r i e r  s o l v e n t s  

based  on o t h e r  a n i o n s .  Although c h l o r i d e s  gave a la r g e r  

re sp o n se  than n i t r a t e s ,  as noted above ,  the  n i t r a t e  

s a l t s  o f  m eta l  io n s  g e n e r a l l y  are more s o l u b l e .  The 

advantage  o f  p r e p a r in g  more c o n c e n t r a te d  s t o c k  and t e s t  

s o l u t i o n s  was though t o  outw eigh  the l o s s  o f  s e n s i t i v i t y ,  

so  n i t r a t e s  were usQd in  t h i s  part  o f  th e  work.

A d d i t i o n a l l y ,  th e  r e p r o d u c i b i l i t y  o f  i n j e c t i o n  

t e c h n iq u e  and th e  i n f l u e n c e  o f  r e p a ck in g  th e  d e t e c t o r  

were i n v e s t i g a t e d .  G en era l  t r e n d s  were e s t a b l i s h e d  

and r e g i o n s  o f  optimum performance were n o t e d .  Of the  

c a t i o n s  used  in  t h e  f a c t o r i a l  s tu d y ,  N i ( I I )  and C a ( I l )  

were c o n t in u e d  in  t h i s  p a r t .  C s ( I )  was not used as  i t s  

r e s p o n s e ,  sm al l  a t  b e s t ,  was not grea t  enough f o r  th e  

range o f  o p e r a t i n g  param eters  t o  be c o v e r e d .  Z n ( I I )  was 

used in  t h o s e  p o r t i o n s  where a t h i r d  c a t i o n  was d e s i r e d .
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G enera l  Procedure

The d e t e c t o r  c e l l  was packed w i th  A m b er l i te  CG-'fjO 

ion exchange r e s i n ,  s e t t l i n g  t ime o f  5 to  7 • $ m in u te s ,  

throughout t h e s e  3t u d i e 3 . S i l a n i z e d  g l a s s  beads  were  

used in the r e f e r e n c e  c e l l  o f  the  d e t e c t o r  and a s  a 

pack ing  in the  Chromatronix g l a s s  column. The c a r r i e r  

s o l v e n t s  were made by d i l u t i o n  o f  $ .0 0  M NaHG^. The 

tem perature  was a m b ien t ,  23°C, and a d ju s te d  by a d d in g  

hot or c o ld  ta p  w a t e r  in th e  tem perature  s tu d y .  Flow 

r a t e  was o p t im iz e d  a t  30 m l /h r ,  based on peak h e i g h t  and 

r e a d j u s t e d  as n e c e s s a r y  a f t e r  e v e r y  change in  p a ra m e te r s .  

The r e t e n t i o n  t im e c o r r e s p o n d in g  to  th e  void  volume o f  

t h e  sys tem  was 30 s e c o n d s .  A r e c o r d e r  ch a r t  speed o f  

J4.0 s e c / i n  was u s e d .  Calcium and n i c k e l  s o l u t i o n s  from 

th e  f a c t o r i a l  s tu d y  were u s e d ,  and a 1 .0  F ZntNO^^  

s to c k  s o l u t i o n  was prepared f o r  th e  s tu d y  o f  pH and s a l t  

c o n c e n t r a t i o n  e f f e c t s .  D i f f e r e n c e s  in e x p e r im e n ta l  

procedure  from one s tu d y  t o  th e  n ex t  a re  e l a b o r a t e d  in  

th e  d i s c u s s i o n  s e c t i o n s .

D i s c u s s i o n

R e p r o d u c i b i l i t y  o f  i n j e c t i o n

I n j e c t i o n s  o f  e i g h t  and f o u r  m i c r o l i t e r  a l i q u o t s  o f  

0 . 1 0  F N i ( I I )  and 0 . 1 0  F C a ( I I )  s o l u t i o n s  were made in  

t r i p l i c a t e .  The peak a r e a s  were measured by peak h e i g h t
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t im e s  w id th  a t  h a l f  h e i g h t .  A t t e n u a t i o n  was v a r i e d  by 

a f a c t o r  o f  two.  R e s u l t s  o f  t h e  r e p r o d u c i b i l i t y  o f  

i n j e c t i o n  t e c h n iq u e  are  g iv e n  in  T a b le  IV .  R e l a t i v e  s t a n  

dard d e v i a t i o n s  o f  3 . 3 * 2 . 8 , 2 .3  and 1 . 8$  were found f o r  

e i g h t  and f o u r  m i c r o l i t e r  a l i q u o t s  o f  N i ( I I )  and C a ( I I )  

r e s p e c t i v e l y .

R e p r o d u c i b i l i t y  i n v o l v e s  two c r i t i c a l  measurements  

The t e n  m i c r o l i t e r  H am ilton  s y r in g e  i s  graduated  t o  

0 . 1  m i c r o l i t e r .  U n c e r t a i n t y  in  r e a d i n g  th e  s y r i n g e  was 

0 . 1  m i c r o l i t e r  due to  p a r a l l a x .  Measurement o f  peak  

area s  was l i m i t e d  by th e  w id th  a t  h a l f  h e i g h t ,  wh ich  

cou ld  be  read t o  about 0 . 1  ram. The peak w id th  v a r i e d  

from 6 .7  t o  7 .0  mm in  t h i s  p o r t i o n  o f  th e  s tu d y .

R e l a t i v e  u n c e r t a i n t i e s  were thus  1 . 2 5  t o  2 . 5 $  f o r  

s y r in g e  r e a d in g s  and I .I4. t o  1 . 5$ f o r  peak a r e a s .

Thus th e  ob serv ed  d e v i a t i o n s  are no l a r g e r  than  e x p e c te d  

from t h e  two s o u r c e s .

R e p r o d u c i b i l i t y  o f  d e t e c t o r  p a c k i n g

Q u a d r u p l ic a te  i n j e c t i o n s  o f  e i g h t  m i c r o l i t e r  a l i ­

qu ots  o f  N i ( I I )  and C a ( I I )  s o l u t i o n s  were made. The  

d e t e c t o r  was repacked w i t h  A m b e r l i t e  CG-50 and th e  

exper im ent  r e p e a te d  t h r e e  t i m e s .  The e f f e c t  o f  r e p a ck in g  

th e  d e t e c t o r  i s  shown in  T a b le  V. R e l a t i v e  s tandard  

d e v i a t i o n s  o f  N i ( I I )  and C a ( I I )  were 10 and 12$ f o r  a rea  

and 16 and 20$ f o r  peak h e i g h t  r e s p e c t i v e l y .  These
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N i ( I I ) C a ( I I )
Area D e v i a t i o n Area D e v i a t i o n

E i g h t  M i c r o l i t e r s 1266 - 1 3 1358 + 10
121*7 - 3 2 1313 - 3 5
1326 +1*7 1372 +21*

A v e r a g e 1279 131*8

R e l a t i v e  S ta n d a rd  D e v i a t i o n 3 <>3$ 2 . 3 $

Pour M i c r o l i t e r s 1289 +28 11*10 +20
1271* +13 1363 - 2 8
1221 - 1*0 W 8 + 8

A v erage 1261 1390

R e l a t i v e  S ta n d a r d  D e v i a t i o n 2 . 8$ 1 . 8$

TABLE IV.  REPRODUCIBILITY OP INJECT ION
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PACKING
NUMBER

Nit  I I )
AREA HEIGHT

C a ( I I )  
AREA HEIGHT

1 1700 190 11+80 200

2 1920 21+0 1720 21+0

3 2060 26 5 1750 252

k 1900 223 1370 17$

AVERAGE 1890 229 1590 217

RELATIVE STANDARD 
DEVIATION 10% 16$ 12# 20$

TABLE V. REPRODUCIBILITY OF REPACKING THE DETECTOR



e r r o r s  are to o  la r g e  to  bo a t t r i b u t e d  to  aroa  m e as u re me n t  

and i n j e c t i o n  t e c h n iq u e .  E a r l i e r  work was uone to  d e t ­

ermine th e  s i g n i f i c a n c e  o f  r e s i n  s i z e .  I t  conf irmed t h e  

v a r i a t i o n  o f  resp on se  upon r e p a c k in g  th e  d e t e c t o r .  Any 

e f f e c t  due t o  p a r t i c l e  s i z e  o f  t h e  r e s i n  was swamped by 

t h i s  l a t t e r  e f f e c t .  The peak shap es  were not  a f f e c t e d  

by re p a ck in g  th e  d e t e c t o r ,  but  t h e  ncod t o  r e c a l i b r a t e  

the  d e t e c t o r  a f t e r  each  p a ck in g  i s  o b v i o u s .

Temperature e f f e c t s

The water  b a th  tem p eratu re  was a d j u s t e d  t o  7*5» 20 ,  

25» 3 5 ,  hS and 55°C. The ex p er im en t  was run in  order  o f  

i n c r e a s i n g  t e m p er a tu r es  and r e p e a te d  in order  o f  d e c r e a s ­

in g  t e m p e r a tu r e s .  Large b a s e l i n e  d e f l e c t i o n s  wore ob­

serv ed  w i t h  each change ,  so th e  b a s e l i n e  was a l lo w e d  to  

s t a b i l i z e  t o  a d r i f t  o f  %% p e r  hour a t  a s e n s i t i v i t y  o f  

X8 b e f o r e  p r o c e e d i n g .  D u p l i c a t e  i n j e c t i o n s  o f  s i x  m icro-  

l i t e r  a l i q u o t s  o f  N i ( I I )  and C a ( I I )  s o l u t i o n s  were made.

The r e s u l t s  o f  v a r y in g  th e  tem p eratu re  o f  the  water  

b a th  are  i l l u s t r a t e d  in  F ig u r e  Ij.. An i n c r e a s e  in  temper­

a t u r e  caused  an in c r e a s e  in  peak a r e a .  T h i s  was l a r g e l y  

due to  an i n c r e a s e  o f  the  peak w id t h  w i t h  t e m p era tu re .

T h is  e f f e c t  can be a t t r i b u t e d  t o  an i n c r e a s e  in  d i f f u s i o n  

w i t h i n  th e  column o f  the  m e ta l  i o n s .  The peak h e i g h t s  

v a r ie d  about 20^ f o r  c a lc iu m  w i t h  a maximum o b ta in e d  

near ambient tem p er a tu r e .  Peak h e i g h t  was n e a r ly
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F ig u r e  1|. E f f e c t  o f  tem perature  on r e s p o n s e j A. Peak 
area  o f  N i ( I I ) ;  B. Peak a re a  o f  C a ( I I ) j
C. Peak h e i g h t  o f  N i ( I I ) ;  D. Peak h e i g h t  
o f  C a (II )  .
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c o n s t a n t  f o r  n i c k e l .  The optimum tem p eratu re  was 

between a m bient ,  23°C, and 35»°C. T h i s  r e g i o n  m in im ize s  

u n d e s i r a b l e  d i f f u s i o n  w i t h  a minimal l o s s  in  s e n s i t i v i t y .

E f f e c t  o f  pH

C a r r ie r  s o l v e n t s  were 1 . 0 0  M NaNO  ̂ made by-

d i l u t i o n  o f  5*00 M NaNO^ and t h e  adjustm ent  o f  t h e  pH t o

t h e  d e s i r e d  v a lu e  w i t h  0 . 2  N HNÔ  or 1 .0  x  10-  ̂ N NaOH.

The pH v a lu e s  used were 3* 5» 7 and 11 .  I n j e c t i o n s  o f

e i g h t  m i c r o l i t e r  a l i q u o t s  o f  0 .1 0  F Ni(  ^ 0 ^ ) 0 . 1 0  F

Ca(N0 ) 0 and 1 .0  F Zn(N07 ) s o l u t i o n s  ware made in  
3 2 “* j  2

t r i p l i c a t e .

The e f f e c t  o f  pH i s  d e p i c t e d  in  F ig u re  5» A 

p l a t e a u  i s  e s t a b l i s h e d  above a pH o f  5* As t h e  a c i d i t y  

i s  i n c r e a s e d  the  r e s p o n s e  drops d r a s t i c a l l y .  The p e r c e n t  

c a t i o n  removal  v e r s u s  pH o f  a weak a c i d  typ e  ion  exchange  

r e s i n  i s  g iv e n  in F i g u r e  5 ( 5 )  • The c o n t a c t  t im e  was 

one h ou r .  The d e t e c t o r  has a c o n t a c t  t im e o f  about  

f i v e  s e c o n d s .  Even so th e  pH dependence o f  t h e  two 

a re  s t r i k i n g l y  s i m i l a r .  At pH 7 the  d e t e c t o r  r e s p o n s e  

i s  optimum and many m e ta l  n i t r a t e s  are s o l u b l e .  The 

u s e f u l  range f o r  pH seems to  be 5 to  11.

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

The c a r r i e r  s o l v e n t s  were made by d i l u t i o n  o f  

5 -0 0  M NaNO t o  o b t a in  1 .0 0  M, 0 . 8 0  Mf 0 . 5 0  M, 0 . 3 0  M,
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0 , 2 0  M and 0 . 1 0  M s o l u t i o n s .  A l l  s o l u t i o n s  were 

n e u t r a l .  I n j e c t i o n s  o f  s i x  m i c r o l i t e r  a l i q u o t s  o f  

0 . 1 0  P M ( N 0 3 ) 2 , 0 . 1 0  F Ca(NO^) 2 and 1 . 0  F Z n W ^  

s o l u t i o n s  viere made in  t r i p l i c a t e .

The e f f e c t  o f  s a l t  c o n c e n t r a t i o n  o f  th e  c a r r i e r  

s o l v e n t  i s  i l l u s t r a t e d  in F ig u re  6 . A p l a t e a u  i s  

e s t a b l i s h e d  f o r  c o n c e n t r a t i o n  from 0 . 3> M t o  the  h i g h e s t  

l e v e l  u s e d ,  1 . 0  M. Peak shapes were w e l l  d e f in e d  

th ro u g h o u t  th e  range o f  c o n c e n t r a t i o n s .  No t a i l i n g  

was ob se rv ed .
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L I N E A R I T Y  AND S E N S I T I V I T Y

The m l e r o - u d a o r p t i o n  d e t e c t o r  was i n v e s t i g a t e d  

t o  d e t e r m i n e  l i n e a r i t y  and  s e n s i t i v i t y  o f  r e s p o n s e  

f o r  v a r i o u s  m e t a l  i o n s .  U s i n g  i n f o r m a t i o n  f r o m  a b o v o ,  

p a r a m e t e r s  wore c h o s e n  t o  be  c o n v e n i e n t  and t o  g i v e  

n e a r l y  opt imum r e s p o n s e .

Ex p er im en ta l

The d e t e c t o r  was packed w i th  A m b er l i te  CG-50,  

200 / 31*0 mesh ion exchange r e s i n ,  s e t t l i n g  t ime o f  

5 to  7*5 m inutes .  S i l a n i z e d  g l a s s  beads  were used as  

a r e f e r e n c e  m a t e r i a l  and as a pack ing  f o r  the  Chroraa- 

t r o n i x  g l a s s  column. Water b a th  temperature  was am bient ,  

2 3°0 .  The c a r r i e r  s o l v e n t  was 1 . 0 0  M NaNO^. Flow 

r a te  was a d j u s t e d  to  3^ m l /h r .  The nine  metal  ions  

used were C a ( I I ) ,  C o ( I I ) ,  C r ( I I I ) ,  C u ( I I ) ,  M g ( I I ) ,

M n (II ) ,  N i ( I I ) ,  S r ( I I )  and Z n ( I I ) .  S to ck  s o l u t i o n s  

each 1 .0 0  F in  a c a t i o n  and in  NaNO  ̂ were d i l u t e d  to

0 . 0 1 0 ,  0 . 0 2 0 ,  0 . 0 5 0 ,  and 0 .1 0  F ,  w ith  1 . 0  M M O 3 . 

I n j e c t i o n s  o f  e i g h t  and fo u r  m i c r o l i t e r  a l i q u o t s  were  

made in t r i p l i c a t e .

D i s c u s s i o n

The peak a r e a s ,  h e i g h t s ,  and r i s e  t im e s  were  

measured. The l a s t  q u a n t i t y  approx im ates  the  e l u t i o n

38
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band h a l f  w id th .  The r i s e  t im e  was 3*9 seconds  and 

r e p r e s e n t e d  32 m i c r o l i t e r s . E f f l u e n t  c o n c e n t r a t i o n s  

were c a l c u l a t e d  by d i v i d i n g  t h e  amount i n j e c t e d  by 

6l{. m i c r o l i t e r s .  S e n s i t i v i t i e s  were e s t im a te d  as a 

s i g n a l  t o  n o i s e  r a t i o  o f  two on t h e  b a s i s  o f  peak h e i g h t .

The resp on se  o f  th e  m ic r o - a d s o r p t i o n  d e t e c t o r  to  

C a ( I I ) ,  C o ( I I ) ,  Mg(II)  , N i ( I I )  and S r ( I I )  i s  shown 

in F ig u r e  7 .  Minimum d e t e c t a b l e  c o n c e n t r a t i o n s  and 

l i m i t s  o f  l i n e a r i t y  a re  g i v e n  in  T a b le  V I .  The p l o t s  

are l o g - l o g  to  accomodate  t h e  wide range o f  re sp o n se  

and c o n c e n t r a t i o n  e n c o u n t e r e d .  A resp o n se  d i r e c t l y  

p r o p o r t i o n a l  t o  c o n c e n t r a t i o n  should  y i e l d  a l o g - l o g  

p l o t  w i t h  u n i t  s l o p e .  T h i s  was c l o s e l y  approximated

f o r  t h e s e  f i v e  i o n s .  T h ese  m eta l  ion s  were w e l l

b eh aved ,  e x h i b i t i n g  no t a i l i n g .  Response was more 

n e a r ly  l i n e a r  f o r  peak h e i g h t  than  peak area  due t o  the  

peaks becoming narrow a t  h i g h  c o n c e n t r a t i o n s .

F ig u r e  8 d e p i c t s  t h e  r e s p o n s e  o f  t h e  m icro-  

adsorpfcion d e t e c t o r  to  C r ( I I I ) ,  Cu(.II) and Mn(II) .

Of t h e s e  c a t i o n s  o n ly  Mn(II)  was w e l l  behaved e x h i b i t ­

ing  l i n e a r i t y  and s e n s i t i v i t y  s i m i l a r  t o  Z n ( I I ) .

The peaks  were w e l l  d e f i n e d  and e x h i b i t e d  no t a i l i n g .

As b e f o r e  l i n e a r i t y  o f  r e s p o n s e  f o r  peak h e i g h t  ex tended

f u r t h e r  than f o r  peak a r e a  due t o  narrow peaks a t  h ig h  

c o n c e n t r a t i o n s .  In c o n t r a s t ,  C r ( I I I )  e x h i b i t e d  s t r o n g  

a d s o r p t i o n  and t a i l i n g  a t  low c o n c e n t r a t i o n s .  Peak
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F ig u r e  7« P l o t  o f  r e s p o n s e ,  peak area  and peak h e i g h t ,  
v e r s u s  f o r m a l i t y  o f  c a t i o n  in  t h e  e f f l u e n t ;
A. peak a r e a  o f  Z n ( I I ) ; B. Peak h e i g h t  o f  
Z n ( I I ) ;  C. Peak a r e a  o f  Ca( I I  )„ C o(XI) ,  Mg( I I ) ,  
Ni( I I ) , and S r ( I I ) ;  D. Peak h e i g h t  o f  G a ( I I ) ,  
C o ( I I ) ,  M g ( I I ) ,  N i ( I I ) ,  and S r ( I I ) .
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TABLE VI. LIMITS OP LINEARITY AND DETECTION

CATIONS Lower L im it  o f  
D e t e c t io n  
x 10-4  F

Upper JLjimit 
x 1 0 -2  I

Peak Area

■ o f  L i n e a r i t y  

Peak H eigh t

C a ( I I ) 1 .2 2 . 5 10

C o ( I I ) 2 .9 2 . 5 10

Cr( I I I ) l*.o 2 . 5 -

C u (I I ) 1 .2 2 . 5 -

M g(II ) 1 .8 2 . 5 10

Mn(II) 0 .8 2 . 5 10

N i ( I I ) i . b 2 . 5 10

S r ( I I ) 1 .8 2 . 5 10

Z n ( I I ) 0 .7 2 . 5 10
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F ig u r e  8 . P l o t  o f  r e s p o n s e ,  peak area  and peak h e i g h t ,  
v e r s u s  f o r m a l i t y  o f  c a t i o n  in  the e f f l u e n t :  
A. Peak area  o f  C u ( I l )  and M n(II);  B. Peak 
a r e a  o f  C r ( I I I )  ; C. Peak h e i g h t  o f  M n ( I I ) ;
D. Peak h e i g h t  o f  C u ( I I ) ;  E. Peak h e i g h t  o f  
C r ( I I I ) .
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F o r m a l i t y  o f  C a t io n  in  th e  E f f l u e n t
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Vft r  l a n e o  1 n p^nk n pna wa n .•"fir.s.nr t riu rj I • :■ a i. 1 ■ >t 1 j * r  

c o t  1 op  9 n b: ;a rv .* : i .
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C O N C L U S IO N S

Summary

The m ic r o - a d s o r p t i o n  d e t e c t o r  was i n v e s t i g a t e d  to  

f in d  i f  i t  was a p p l i c a b l e  t o  th e  m o n ito r in g  o f  m eta l  

io n s  in th e  e f f l u e n t  o f  a l i q u i d  chrom atographic  

s e p a r a t i o n .  Two s u i t a b l e  p a ck in g s  were found ,  Dowex 50 ,  

x -8  and Amberlit© CG-50 ion  exchange r e s i n s .  The 

A m b e r l i te  CG-^O r e s i n  was i n v e s t i g a t e d  t o  d e term in e  

the  parameters  w hich  a f f e c t  r e s p o n se  c h a r a c t e r i s t i c s .  

Important  param eters  were found to  be t e m p e r a tu r e ,  pH 

and s a l t  c o n c e n t r a t i o n  o f  th e  c a r r i e r  s o l v e n t ,  a n io n  

o f  th e  c a r r i e r  s o l v e n t ,  and r e p a c k in g  o f  th e  d e t e c t o r .  

Parameters  were ch o sen  t h a t  gave optimum performance  

and p rov id ed  adeq u ate  s o l u b i l i t i e s  f o r  s e v e r a l  m eta l  

i o n s .

An i n v e s t i g a t i o n  o f  l i n e a r i t y  and s e n s i t i v i t y  

o f  th e  m ic r o - a d s o r p t i o n  d e t e c t o r  was made. Response  

was l i n e a r  f o r  a h u n d r e d - f o ld  c o n c e n t r a t i o n  range o f  

M n ( I I ) ,  C r ( I I I ) , and C u ( I I )  and a t h o u s a n d - f o l d  co n ­

c e n t r a t i o n  range f o r  S r ( I I ) ,  M g ( I I ) ,  C a ( I I ) ,  C o ( I I ) ,  

N i ( I I )  and Z n ( I I ) .  Minimum d e t e c t a b l e  e f f l u e n t  co n ­

c e n t r a t i o n s  o f  m e ta l  i o n s  ranged from l. lpclO ^ P t o  

8x10"^ P .

The p r e f e r r e d  method o f  q u a n t i f i c a t i o n  was th e

k k
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measurement o f  peak a r e a s .  A p r e c i s i o n  o f  + 3$ was 

e s t a b l i s h e d .

Recommendations

F u r th er  3tudy  o f  t h e  Amberlit© CG-50 r e s i n  

should  in c l u d e  t h e  e f f e c t s  o f  t em p eratu re  and pH w i t h

1 . 0 0  M NaCl as  a c a r r i e r  s o l v e n t .  Another a n io n  which  

might be c o n s id e r e d  i s  p e r c h l o r a t e .  The e f f e c t  o f  an ion  

cou ld  t h e n  be d e c i d e d .  I n  ord er  t o  p ro v id e  w e l l  b u f f e r ­

ed pH around f i v e  th e  u se  o f  sodium a c e t a t e  s o l u t i o n s  

as a c a r r i e r  s o l v e n t  may be d e s i r a b l e .

M o d i f i c a t i o n  o f  t h e  equipment must be made in  

order  t o  i n v e s t i g a t e  Dowex 50> x -8  ion  exchange r e s i n .  

L in in g  o f  th e  c a r r i e r  s o l v e n t  r e s e r v o i r  w i th  T e f l o n  

and c h a n g in g  a l l  t u b i n g  t o  T e f l o n  would a l lo w  th e  

use  o f  more h i g h l y  a c i d i c  s o l u t i o n s .  S e p a r a t io n s  o f  

m etal  i o n s  on h ig h  e f f i c i e n c y  columns have been  p e r ­

formed u s i n g  1 . 0  M To be a p p l i c a b l e  t o  m o n i to r in g

th e  e f f l u e n t  o f  l i q u i d  chrom atographic  s e p a r a t i o n s  

o f  m eta l  i o n s  th e  a c i d  range o f  t h e  equipment must 

be i n c r e a s e d .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



46

APPENDIX I .  P RATIOS DETERMINED IN THE FACTORIAL STUDY

S o u r c e N i ( I I )
^P"“R a t i“

C a ( I I ) C s( I )

T e m p e r a t u r e  (T) 2*1 420 1326

A nion  o f  C a r r i e r  
S o l v e n t  (A)

200 2*6 1 .2

C o n c e n t r a t i o n  o f  111 
C a r r i e r  S o l v e n t ( S )

368 536

C a r r i e r  S o l v e n t  pH(P) 0 .8 24 4 . 9

I n j e c t i o n  S i z e  (S) o . * 20 1 . 9

T x A 146 240 34

T x C 10? 47 6 . 3

T. x P 0 .6 9 . 2 20

T x S 5 . 6 9 . 2 0 . 6

A x C 56 67 452

A x P 7 . 4 1 .2 11

A x S 0 . 4 0 . 2 0 . 9

C x P 2 . 6 1 . 4 1 . 3

C x S 0 .2 0 . 1 0 0 M

P x S 2 . 6 4 . 4 2 .2
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