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NARROW BORE ION CHROMATOGRAPHY 
WITH COMMERCIALLY AVAILABLE ION 

CHROMATOGRAPHIC EQUIPMENT 

Karen Johnson, Dee Cobia, and James G.  Tarter 
Departm en t of Chemistry 

North Texas State University 
Denton, Texas 76203-5068 

AESTRACT 

The use o f  n a r r o w  b o r e  s e p a r a t o r  co lumns ( i n n e r  d i a m e t e r  l e s s  
t h a n  1 pMj i n  h i g h  pe r fo rmance  l i q u i d  ch romatog raphy  has become a 
well e s t a b l i s h e d  t e c h n i q u e  w h i c h  has o b v i o u s  advan tages  i n  
s p e c i f i c  s i t u a t i o f i s  o v e r  t h e  use o f  t r a d i t i o n a l  s i z e  s e p a r a t o r  
columns. The work r e p o r t e d  h e r e  i n v e s t i g a t e s  t h e  use o f  
t r a d  i t  i o n a  1 i on c hroma t o g r a p h i c  equ i pmen t ( essen t i a1 1 y 
u n m o d i f i e d )  f o r  use i n  n a r r o w  b o r e  i o n  ch romatog raphy .  The o n l y  
a d j u s t m e n t s  made t o  t h e  equipment  were 3ome a r rangements  i n  t h e  
p lacemen t  o f  v a l v e s  and t u b i n g  i n  o r d e r  t o  m i n i m i z e  e x t r a - c o l u m n  
dead volume. The co lumns used i n  t h i s  work were g l a s s  c a p i l l a r y  
co lumns o f  1.0 mm i n n e r  d i a m e t e r .  A s e l e c t e d  g r o u p  o f  i o n  
exchange r e s i n s  were s l u r r y  packed i n t o  t h e  co lumn and t h e  
r e t e n t i o n  and s e p a r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  na r row b o r e  
co lumn were de te rm ined .  The r e s u l t s  o f  t h i s  i n v e s t i y a t i o n  
i n d i c a t e  t h a t  i n  c e r t a i n  cases  t h e  c o m m e r c i a l l y  a v a i l a b l e  
equ ipmen t  i s  adequa te  f o r  p e r f o r m i n g  n a r r o w  b o r e  i o n  
ch romatog raphy .  The d i s t i n c t  advantage o f  t h e  use  o f  n a r r o w  b o r e  
i o n  ch ron ia tog raphy  i s  t h e  l o w e r  f l o w  r d t e s  used i n  t h e  
c h r o n i a t o y r a p h i c  p r o c e d u r e  w i t h  a c o r r e s p o n d i n g  dec rease  i n  e l u a n t  
consumpt ion ,  e l u a n t  c o s t ,  and e l u a n t  d i s p o s a l .  
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738 JOHNSON, COBIA, AND TARTER 

INTRODUCTION 

I o n  Chromatography i s  a d e v e l o p i n g  b ranch  o f  h i g h  pe r fo rmdnce  

1 i q u i d  ch romdtog raphy .  Many o f  t h e  t h e o r e t i c a l  and p r a c t i c a l  

d s p e c t s  o f  HPLC can  a l s o  be a p p l i e d  t o  i o n  ch romatog raphy .  One 

of t h e  r e c e n t  advances i n  HPLC w h i c h  s h o u l d  have a p p l i c a b i l i t y  i n  

I C  i s  t h e  use o f  n d r r o w  b o r e ,  o r  m i c r o b o r e ,  co lumns t o  p e r f o r m  t h e  

s e p a r a t i o n .  A d e t a i l e d  book on m i c r o c o l u m n  s e p a r a t i o n s  has been 

pub1 i s h e d  w h i c h  s h o u l d  be s t a n d a r d  r e a d i n g  f o r  any i n d i v i d u a l  i n  

t h i s  a r e d  (1). One c h a p t e r  w i t h  

dnd I s h i i  d e a l s  w i t h  m i c r o c o l u m n  

chrorr idtagraphy. I n  g e n e r a l ,  t h e  

o b t a i n e d  w i t h  t h e  a i d  o f  h i g h  p r  

n t h i s  book e d i t e d  b y  Novo tny  

s e p a r a t i o n s  u s i n g  i o n  

r e s u l t s  were q u i t e  good b u t  were 

ced s p e c i a l t y  equipment  

manu fac tu red  f o r  HPLC m i c r o c o l u m n  work ( 2 ) .  There a r e  numerous 

e x c e l l e n t  r e f e r e n c e s  w h i c h  d i s c u s s  b o t h  t h e  t h e o r e t i c a l  and 

p r d c t i c a l  a s p e c t s  o f  m i c r o b o r e  s e p a r a t i o n s  ( 3 - 7 )  

The p rob lems  encoun te red  i n  t h e  use o f  n d r r o w  b o r e  i o n  

ch romatog raphy  co lumns,  o r  i n  t h e  use o f  HPLC columns,  c e n t e r  on 

e x t r d - c o l u m n  band b r o a d e n i  ng. T h i s  band b roaden ing  o c c u r s  i n  t h e  

t u b i n g  used t o  c o n n e c t  t h e  v a r i o u s  components ds w e l l  d S  i n  t h e  

d e t e c t o r  c e l l  i t s e l f .  Thus, i t  i s  t r a d i t i o n d l l y  c o n s i d e r e d  o f  

key i m p o r t a n c e  t o  m i n i m i z e  d l l  e x t r a - c o l u m n  dead volume t o  

m i n i m i z e  t h e  band b r o a d e n i n g .  The o b j e c t i v e  o f  much o f  t h e  

o r i s i n a l  r e s e a r c h  as r e p o r t e d  i n  t h e  l i t e r a t u r e  was t o  d e t e r m i n e  

t h e  optimum c o n d i t i o n s  t o  d c h i e v e  maximum s e p a r a t i o n  and 

r e s o l u t i o n  u s u a l l y  b y  o p t i m i z i n g  t h e  t h e o r e t i c a l  p l a t e  h e i y h t .  
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NARROW BORE ION CHROMATOGRAPHY 739 

The o b j e c t  o f  t h i s  s tudy  wds t o  determine whether useful 

information could be obtained using commercial IC equipment under 

cond i t ions  which would not be considered t h e  optimum a n a l y t i c a l  

c o nd i t i o ns . 

EXPERIMENTAL 

Equipment 

The equipment used f o r  t h i s  work cons i s t ed  o f  a Dionex Model 10 

I o n  Chromatograph which wds e s s e n t i a l l y  in  the  o r i g i n a l  working 

cond i t ion  a s  when rece ived  from the  f a c t o r y .  Flinor adjustments 

were made t o  t he  p o s i t i o n s  of t he  va lves  in  order  t o  minimize 

tubing used i n  connec t ions ,  b u t  the o r i g i n a l  vd lves ,  d e t e c t o r  

c e l l ,  e t c .  were used in  t h i s  r e sea rch .  We used t h e  LDC-Milton Roy 

MiniPump t o  pump t he  e l u a n t  t h r o u g h  t h e  ndrrow bore column a n d  

on to  t h e  d e t e c t o r .  The flow r a t e  was meastired t o  be 0.4 mL/Min. 

The i n j e c t i o n  volume w d s  4.4  u L .  The d e t e c t o r  used f o r  t h i s  work 

was t h e  o r ig ind l  d e t e c t o r  in t h e  Model 10 with t h e  o r ig ind l  

d e t e c t o r  c e l l  and d e t e c t o r  e l e c t r o n i c s .  

The narrow bore a n a l y t i c a l  column was cons t ruc t ed  from a piece 

of 1 mm inner  didmeter y lds s  tubiny which wds 8.2 cm i n  l eng th .  

The in t e rnd l  volume of t h i s  column i s  approximately 64 UL as 

c a l c u l a t e d  mathernaticdlly. The f i t t i n g s  which were used f o r  t h e  

yldss column were taken f r o m  old Dionex columns. The f i t t i n g s  

were h e l d  i n  p lace  on t h e  gldss column by pldciny t h e  f i t t i n g  on 
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740 JOHNSON, COBIA, AND TARTER 

t h e  column and then adding a smdll r ing  of g l a s s  near t h e  end of 

t h e  column t o  keep the f i t t i n g  in  place.  This i s  d very easy  and 

rap id  procedure f o r  any one reasonably  adept  a t  g l a s s  blowiny 

t e c  h n  i ques . 
The narrow bore c d p i l l a r y  column w d s  packed using a s l u r r y  

type technique .  A Dionex A S 3  s e p a r a t o r  column, which w d s  no 

longer  u s e f u l ,  w d s  used as  a s l u r r y  r e s e r v o i r .  

emptied uf t h e  o r i g i n a l  r e s i n  and then d water-new r e s i n  mixture 

was placed i n t o  t h e  empty column without column f r i t s  using a 

Pas teur  pi pe t .  The s l u r r y  r e s e r v o i r  was then connected between 

the  FliniPump on the  I C  a n d  t h e  g l a s s  narrow bore column. The 

MiniPurnp was turned on a n d  t h e  s l u r r y  passed from t h e  r e s e r v o i r  

i n t o  t h e  narrow bore column. The pump was operated a t  the lowest 

poss ib le  flow u n t i l  t h e  g l a s s  column was f i l l e d  with r e s i n  a s  

determined v i s u a l l y .  The pump speed was then increased  u n t i l  the 

p res su re  w d s  dpproximately 600 PSI. The pump was operated a t  t h i s  

pressure  t o  pdck t h e  column f o r  approximately f i v e  minutes.  

During t h i s  r e s e a r c h ,  we packed t h i s  p a r t i c u l a r  column 

approximdtely 10 t imes.  In a l l  ca ses  t h e  packing appeared uniform 

d s  evidenced by f lowra te -p res su re  r e l a t i o n s h i p s  and by v i sua l  

The old column was 

in spec t ion  a f t e r  packing. 

Rea yen t s 

The r eagen t s  used in  t h i s  work were a 

s a l t s ,  e i t h e r  t h e  sodiuni o r  potassium sa 

c h l o r i d e  o r  n i t r a t e  s a l t  f o r  t he  c a t i o n s  

1 reagent  yrade q u a l i t y  

t f o r  t h e  anions or  t he  

The water used in t h e  
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NARROW BORE ION CHROMATOGRAPHY 74 1 

prepa ra t ion  of the e l u a n t  and a l l  of t h e  s o l u t i o n  was d i s t i l l e d -  

de ionized  water which was prepared i n  our l abora to ry .  

RESULTS A N D  DISCUSSION 

Anion Determinations 

Two d i f f e r e n t  r e s i n s  were used in  t h e  i n v e s t i g a t i o n  of t h e  

an ions .  

HPICAS3 r e s i n s ,  c a p a c i t y  of 0.03 meq/gram) and a high c a p a c i t y  

ion exchange r e s i n  (Bio-Rad Dowel I - X  200-400 mesh, 3.2 meq/gram 

One r e s i n  was a low c a p a c i t y  ion exchange r e s i n  (Dionex 

c a p a c i t y ) .  

The i n i t i a l  work was performed with the high c a p a c i t y  r e s i n ,  

During t h e  course  of t h i s  work ,  no cond i t ions  were found which 

provided usefu l  s epa ra t ion  and r e s o l u t i o n .  I t  was determined 

t h a t  t h e  concen t r a t ion  of t he  e l u a n t  necessary  t o  cduse e l u t i o n  

in a reasonably  s h o r t  period of time wds so high t h a t  t h e  

bdckyround conductance would d i s t i n c t l y  reduce s e n s i t i v i t y .  I n  

f a c t ,  with t h e  model 10 d e t e c t o r ,  t h e  l a r g e s t  l i n e a r  ope ra t ing  

s c a l e ,  1 K  S ,  was not s u f f i c i e n t  f o r  t h e  background conductance.  

The next s t e p  of t h e  work wds t o  use the  low c a p a c i t y  i o i i  

exchanye r e s i n .  Our i n i t i a l  a t t empt s  a t  a n  e l u a n t  were t o  use 

d i s t i l l e d - d e i o n i z e d  water a s  t h e  e l u a n t  and l e t  t h e  absorbed 

carbon d ioxide  in  t h e  wdter a c t  as the  e l u a n t  ions .  We 

encountered d i f f i c u l t y  i n  t h i s  procedure due t o  t h e  f a c t  t h a t  t he  

water i n  use was produced and used i n  a v a r i a b l e  time frame thus 
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742 JOHNSON, COBIA, AND TARTER 

p r o d u c i n g  chanyes i n  t h e  c o n c e n t r a t i o n  o f  absorbed C02 i n  t h e  

wa te r .  A l s o ,  i t  was d i f f i c u l t  t o  d e t e r m i n e  t h e  pH o f  t h e s e  

s o l u t i o n s  t o  v e r i f y  c o n s i s t e n c y  due t o  t h e  p rob lems  i n h e r e n t  i n  

m e a s u r i n g  t h e  pH o f  p u r e  wa te r .  The n e x t  e l u a n t  c h o i c e  was a 

d i l u t e  a c e t i c  a c i d  e l u a n t .  We t e s t e d  v a r i o u s  c o n c e n t r a t i o n s  o f  

a c e t i c  a c i d ,  p r i m a r i l y  1-20 d r o p s  o f  g l a c i a l  a c e t i c  a c i d  as 

measured f r o m  a P a s t e u r  p i p e t  i n  one l i t e r  o f  d i s t i l l e d - d e i o n i z e d  

wa te r .  The optimum c h r o m a t o g r a p h i c  e l u a n t  was t h e  s o l u t i o n  w i t h  

2 d r o p s  g l a c i a l  a c e t i c  a c i d ,  a p p r o x i m a t e l y  1.5 m N .  Us ing  t h i s  

e l u a n t ,  d i s t i n c t  r e t e n t i o n  t i m e s  c o u l d  be o b t a i n e d  f o r  s e v e r a l  

common a n i o n s  as g i v e n  i n  T a b l e  1. A s i m p l e  chromotograrn i s  

shown i n  F i g u r e  1. 

A c c o r d i n g  t o  t h e  t h e o r i e s  g o v e r n i n g  na r row b o r e  HPLC, one o f  

t h e  m a i n  p rob lems  i s  e x t r a - c o l u m n  bdnd b roaden ing .  I n  t r d d i t i o n a l  

work i n j e c t i o n  volumes o f  l e s s  t h a n  1 VL a r e  used a l o n g  w i t h  

d e t e c t o r  c e l l  volumes o f  l e s s  t h a n  1 uL. I n  o u r  work, n e i t h e r  o f  

t h e s e  g u i d e l i n e s  were f o l l o w e d  and t h e  peaks shown i n  F i g u r e  1 a r e  

b r o a d e r  t h a n  one woti ld want  i n  many app l  i c a t i o n s .  However, t h e  

f a c t  t h a t  s e p a r a t i o n  i s  o b t a i n e d  between t h e  s p e c i e s  and t h a t  t h e  

r e t e n t i o n  t i m e s  o f  t h e  a n i o n s  do d i f f e r  d s  shown i n  Tab le  I 

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

i n f l e x i b l e .  U s e f u l  r e s u l t s  can  be o b t a i n e d  f rom what would be 

c l a s s i f i e d  as non-optimum w o r k i n g  c o n d i t i o n s .  Ano the r  a rea  o f  

band b r o a d e n i n g  o c c u r s  when t u b i n g  o f  d i f f e r e n t  d i a m e t e r s  i s  used. 

I n  o u r  work ,  a l l  t u b i n g  was o f  t h e  same d i a m e t e r  and t h e  co lumn 
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NARROW BORE ION CHROMATOGRAPHY 743 

T A B L E  I 

RESULTS OF A N I O N  DETERCIINATIONS 

RESIN: Dionex AS3 

E L U A N T :  2 drops g l a c i a l  a c e t i c  ac id  
in one l i t e r  atmosphere 
e q u i l i b r a t e d  d i s t i l l e d - d e i o n i z e d  
water 

D E T E C T O R :  3 S Full Scale 

I O N  RETENTION TIME DETECTION LIMITS 

F 1.0 niin ** 

c1 2.0 min 0.1 ppm 

Ur 3.5 min 0.5 ppm 

NO3 3.75 min 0.5 ppm 

so4 4.00 min 1.0 ppm 

** c o - e l u t e s  with water d i p  

was approximately the  same d iameter .  

a 1 mm ID column. This would minimize t h e  e f f e c t  o f  bore chdnges 

upon t h e  chromatographic r e s u l t s .  

We used 0.7 mm ID tubing  a n d  

I t  would seem reasonable  t o  expect t h a t  a l a r g e r  column, one 

w i t h  more r e s i n ,  would produce even b e t t e r  r e s u l t s .  The key poin t  

in t h i s  d i scuss ion  i s  t h d t  i t  may be poss ib l e  t o  ob ta in  usefu l  

narrow bore ion chromatogrdphic r e s u l t s  u s i n g  inexpensive 

equipment. 
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JOHNSON, COBIA, AND TARTER 

-r 

B 

TIME IN MINUTES 

F i g u r e  1: The s e p a r a t i o n  o f  c h l o r i d e  and s u l f a t e  i o n s  u s i n g  
n a r r o w  b o r e  i o n  ch romatog raphy  w i t h  c o n v e n t i o n a l  i o n  
ch romatog raphy  equipment .  The e l u a n t  was 1.5mf.1 a c e t i c  
a c i d  a t  a f l o w  r a t e  o f  0.4 mL/Miri. The co lumn was 1.0 
mm I D  by 82 mrn i n  l e n g t h  packed w i t h  Dionex HPIC-AS3 
r e s i n  u s i n g  s l u r r y  t e c h n i q u e s .  

C a t i o n  D e t e r m i n a t i o n s  

Two d i f f e r e n t  r e s i n s  were a l s o  used i n  t h e  i n v e s t i y d t i o n  o f  

t h e  c a t i o n s .  

HPIC-CS1 r e s i n ,  c a p a c i t y  0.2 meq/gram c a p a c i t y )  dnd t h e  o t h e r  

r e s i n  was a h i g h  c a p a c i t y  r e s i n  (B io-Rdd,  Dowel 50W-X8 r e s i n ,  5.1 

rneq/grdm). 

One o f  t h e  r e s i n s  was a low c a p a c i t y  r e s i n  (D ionex  
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NARROW BORE ION CHROMATOGRAPHY 145 

A s  w i t h  t h e  anion work, d i s t i l l e d - d e i o n i z e d  water was qu ick ly  

ruled out  a s  an e l u a n t  due t o  the  problems i n  reproducing an 

e luan t .  We next t r i e d  a d i l u t e  a c e t i c  ac id  e l u a n t  w i t h o u t  being 

ab le  t o  o b t a i n  any r e s o l u t i o n  between sodium a n d  potassium ions .  

A s t ronge r  e l u a n t ,  composed o f  3 drops of concent ra ted  n i t r i c  a c i d  

per l i t e r  of wa te r ,  approximately 2.4 m H ,  did produce two peaks 

f o r  sodium and potassium ions .  Unfo r tuna te ly ,  t h e r e  was not 

t o  be 

We 

capac 

a1 kal 

i nves t igd ted  both t h e  low cdpac 

t y  resin w i t h  r e spec t  t o  poten t  

ne e a r t h  ions.  I n  n e i t h e r  case  

base1 ine r e s o l u t i o n  between the peaks. There appeared 

i n s u f f i c i e n t  r e s i n  t o  produce complete s e p a r a t i o n .  

t y  r e s i n  and the  

a1 appl i c a b i l  i t y  

was t h e r e  s i y n i f  

high 

f o r  

c a n t  

chromatographic sepa ra t ion  a t  an e l u a n t  s t r e n g t h  compatible w i t h  

t h e  d e t e c t o r  i n  use.  We a l s o  looked f o r  the p o s s i b i l i t y  of 

determining both monovalent and d i v a l e n t  metdl c a t i o n s  w i t h  the 

high c a p a c i t y  r e s i n  b u t  were unsuccessfu l .  

C ON C L U S I ON 

The r e s u l t s  i n  t h i s  manuscript  i n d i c a t e  t h a t  under c e r t a i n  

cond i t ions  i t  i s  poss ib l e  t o  sepa ra t e  s eve ra l  inorganic  an ions  

using a 1.0 mm ID column and t r a d i t i o n d l  equipment normally used 

f o r  l a r g e r  columns. Although a comple te ly  successfu l  c a t i o n  

sepa ra t ion  was not ach ieved ,  the r e s u l t s  i n d i c a t e  t h a t  s epa ra t ion  

and d e t e c t i o n  a r e  poss ib l e  i f  longer  columns a r e  used. 
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I t  would seem t h a t  the t h e o r e t i c a l  mater ia l  which has been 

developed f o r  narrow bore chromdtography i s  n o t  n e c e s s a r i l y  t h e  

only  case  in  which useful r e s u l t s  can be ob ta ined ,  just t h e  bes t  

ca se .  We fee l  t h a t  useful ion chromato9raphy, where just  t h r e e  

o r  four  ions a r e  involved ,  can be performed using e a s i l y  

cons t ruc t ed  narrow bore columns a n d  reduced flow r a t e s .  The 

r e s u l t i n g  sav ings  i n  c o s t  o f  e l u a n t  and c o s t  of r e s i n  could 

e a s i l y  becotne s i g n i f i c a n t  in many a r e a s  where rou t ine  a n a l y s i s  o f  

only  a few ions i s  performed. An a l t e r n a t e  a p p l i c a t i o n  of t h i s  

procedure would be the  t e s t i n g  of new sepa ra t ions  o r  new samples 

on a s t anda rd  procedure. Should t h e  column be ru ined ,  the c o s t  

of replacement of a column with a volume of approximately 100 pL 

would be much sma l l e r  than t h e  replacement of a l a r g e r  s e p a r a t o r  

column. Normal H P L C  pumps with flow r a t e s  i n  t h e  t e n t h s  of a 

m i l l i l i t e r  per minute a r e  adequate as a r e  d e t e c t o r  c e l l s  with 

volumes well i n  excess  o f  1 pL. 
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