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THE SEPARATION OF ORGANIC ANALYTE 

EXCHANGE COLUMN USING INDIRECT 
UV DETECTION 

CATIONS ON A LOW-CAPACITY CATION 

Thomas A. Walker 
The Nu truSw eet Corn puny 
601 E.  Kensington Road 

M t .  Prospect, Illinois 60056 

The r e t e n t i o n  of organic  ana ly te  c a t i o n s  on a 
low-capacity c a t i o n  exchange column using i n d i r e c t  W 
d e t e c t i o n  was s tudied .  I t  was found t h a t  a combination 
of c a t i o n  exchange/reversed-phase i n t e r a c t i o n s  a f f e c t e d  
t h e  r e t e n t i o n  of organic  ana ly te  c a t i o n s  provided t h e  
ana ly tes  have both a c a t i o n i c  charge s i t e  and a 
hydrophobic c e n t e r .  The f a c t o r s  t h a t  inf luenced t h e  
organic  ana ly te  c a t i o n  r e t e n t i o n  were: concentrat ion of  
organic  modifier,  concentrat ion of W absorbing ana ly te ,  
p H ,  and mobile phase i o n i c  s t r e n g t h .  Elut ion orders  for  
s e v e r a l  of t h e  organic  ana ly tes  s t u d i e d  on t h e  
low-capacity c a t i o n  exchange column w e r e  d i f f e r e n t  t h a n  
those  observed on s i l ica-based  s t rong  c a t i o n  exchange 
columns. 

I" 
I n d i r e c t  photometric o r  "vacancy" chromatography 

( I P C )  i s  an a n a l y t i c a l  method where c a t i o n s  and anions 
a r e  separa ted  on an ion exchange column and a r e  then  
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1514 WALKER 

d e t e c t e d  through a photometric p rocess  ( 1 - 4 ) .  IPC,  which 
w a s  o r i g i n a l l y  introduced by Small and M i l l e r  i n  1982 
( l ) ,  c o n s i s t s  of an W-absorbing counter ion i n  t h e  mobile 
phase t h a t  competes with W- t ranspa ren t ,  i n j e c t e d  
a n a l y t e s  f o r  t h e  ion  exchange sites. As t h e  
W- t ranspa ren t  a n a l y t e  e l u t e s  o f f  t h e  column, it replaces 
t h e  W-absorbing counter-ion i n  t h e  e f f l u e n t  which l eads  
t o  a dec rease  in. absorbance a t  t h e  d e t e c t o r  and produces 
a nega t ive  peak. Several  advantages of IPC are apparent 
and include;  conventional HPLC instrumentat ion and 
columns are used, s e n s i t i v i t y  i s  g r e a t e r  when compared t o  
r e f r a c t i v e  index and conductometric d e t e c t i o n  ( 3 , 4 ) ,  
s t a n d a r d l e s s  q u a n t i t a t i o n  ( 2 , 3 , 5 , 6 ) ,  and v e r s a t i l i t y .  

I P C  has  become a commonly used method f o r  t h e  
a n a l y s i s  o f  i no rgan ic  and o rgan ic  W-transparent  a n a l y t e  
ions  where a s t r o n g  c a t i o n  o r  anion exchange column i s  
used ( 7 - 1 5 ) .  I n d i r e c t  W-de tec t ion  has  a l s o  been 
extended t o  reversed-phase (16,17) and i o n - i n t e r a c t i o n  
chromatographic s e p a r a t i o n s  (18-23). One area of l i q u i d  
chromatography where l i t t l e  r e sea rch  has  been done are 
s e p a r a t i o n s  where low-capacity polymeric ion  exchange 
columns a r e  used i n  conjunct ion with i n d i r e c t  
W-de tec t ion .  Low-capacity ion  exchange columns are 
composed o f  a high s u r f a c e  a rea ,  macroporous 
polystyrenedivinylbenzene copolymer t h a t  i s  l i g h t l y  
su l fona ted .  These packings o f f e r  t h e  advantages of 
having both ion  exchange and reversed-phase p r o p e r t i e s ,  
and are stable from pH 1 t o  13. Cantwell e t  a l .  (24-26) 
has shown t h a t  r e t e n t i o n  of an organic  a n a l y t e  ion on a 
low-capacity ion  exchange column is  due p r i m a r i l y  t o  two 
i n t e r a c t i o n s ;  1) adso rp t ion  of t h e  o rgan ic  a n a l y t e  ion 
onto t h e  nonpolar polymeric backbone, provided t h a t  t h e  
o rgan ic  a n a l y t e  has  a hydrophobic c e n t e r ,  and 2) i o n  
exchange of t h e  o rgan ic  a n a l y t e  ion i n  t h e  d i f f u s e  part  
of t h e  e lectr ical  layer  r e s u l t i n g  from t h e  i o n  exchange 
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SEPARATION OF ORGANlC ANALYTE CATIONS 1515 

site and its counterion. These types of ion exchangers 
have been used for the separation of both inorganic and 
organic analytes (24-29). 

This paper describes the mobile phase parameters 
that affect the separation, indirect W detection, and 
quantitation of tetraalkylammonium salts, alkylamines, 
and amino acids on a low-capacity polymeric cation 
exchange column. 

EXPERIMENTAL 

HPLC grade acetonitrile was obtained from Fisher 
Scientific, Fairlawn, NJ. HPLC grade water was obtained 
by passing de-ionized water through a Millipore water 
purification unit. Benzyltrimethylammonium chloride, 
tetraalkylammonium salts, and alkylamines were obtained 
from The Aldrich Chemical Company, Milwaukee, WI. 
L-Lysine, L-arginine, L-ornithine and 2,4-diaminobutyric 
acid were obtained from Sigma Chemical Company, St. 
Louis, MO. Glacial acetic acid and concentrated 
phosphoric acid were obtained from Mallinckrodt, Paris, 
KY. All chemicals were reagent grade. 

The liquid chromatographic apparatus used consisted 
of a WISP Model 710B Autosampler, Waters Model 590 pump, 
Kratos Model 783 variable wavelength detector, Linear 
Model 500 strip chart recorder. The column used in this 
study was a 4.1 x 150 mm Hamilton PRP-X200 low-capacity 
cation exchange column available from Hamilton Company, 
Reno, NV. The PRl?-X200 column is a spherical, 10 pm 

poly(styrenediviny1benzene)sulfonate packing with a 
cation exchange capacity of 35 pEq/g. Flow rates of 1.0 
mL/min were used unless otherwise noted. Aqueous analyte 
samples of approximately 1 mg/mL were used. Sample 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1516 WALKER 

a l i q u o t s  of 1 0  p1 were used, except  f o r  q u a n t i t a t i o n  
where 50-p.1 a l i q u o t s  were used. I n l e t  p r e s s u r e s  of  
500-600 psi  were observed. 

Low-capacity ion  exchange columns have been shown t o  
have a dua l  r e t e n t i o n  mechanism of  ion  exchange and 
adso rp t ion  f o r  o rgan ic  a n a l y t e  ions  t h a t  con ta in  bo th  a 
f i x e d  charge s i t e  and a hydrophobic c e n t e r  ( 2 5 - 2 7 ) .  For 
t h i s  dua l  mechanism t o  be p resen t ,  t h e  s t a t i o n a r y  phase 
must be  nonpolar,  have a high s u r f a c e  area and provide 
r e l a t i v e l y  few ion exchange si tes.  Cantwell e t  a l .  (29)  
has  shown t h a t  adso rp t ion  of an o rgan ic  a n a l y t e  ion  i s  
dependent on t h e  electrical  p o t e n t i a l  of t h e  s u r f a c e  (due 
t o  t h e  number of ion  exchange s i tes )  while  i o n  exchange 
i s  independent of  electrical  p o t e n t i a l .  The two 
mechanisms, adso rp t ion  (Ads) and ion  exchange ( I E )  , can 
be r ep resen ted  by t h e  following equat ions:  

IE 
A-S03-C+ f R-X+ + M-=A-S03-+X-R i C+ + M- ( 2 )  

where A r e p r e s e n t s  t h e  copolymeric matr ix ,  C+ i s  t h e  
countercat ion,  R-X+ is an a n a l y t e  with a c a t i o n i c  s i t e  X+ 
and a hydrophobic c e n t e r  R, and M- is t h e  mobile phase 
counteranion. 

Retention of an o rgan ic  a n a l y t e  by an adso rp t ion  
process  i s  dependent on t h e  following mobile and 
s t a t i o n a r y  phase parameters:  1) concen t r a t ion  of o rgan ic  
modif ier  i n  t h e  mobile phase, 2 )  i o n i c  s t r e n g t h ,  3 )  p H ,  

4 )  hydrophobicity of t h e  organic  a n a l y t e  ion,  and 5) 

hydrophobicity of t h e  s t a t i o n a r y  phase.  Inc reas ing  t h e  
concen t r a t ion  of  o rgan ic  modif ier  i n  t h e  mobile phase 
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SEPARATION OF ORGANIC ANALYTE CATIONS 1517 

w i l l  l e a d  t o  a decrease i n  organic  a n a l y t e  r e t e n t i o n .  
The pH of  t h e  mobile phase w i l l  a f f e c t  t h e  charge of t h e  
a n a l y t e  and i t s  hydrophobicity.  Adjustments i n  i o n i c  
s t r e n g t h  w i l l  produce a change i n  a n a l y t e  r e t e n t i o n .  The 
hydrophobicity of  t h e  s t a t i o n a r y  phase i s  dependent on 
t h e  number of  ion exchange sites p r e s e n t  on t h e  packing. 
As t h e  number of i on  exchange sites are inc reased?  
adso rp t ion  of an a n a l y t e  w i l l  decrease. I n  t h i s  s tudy,  
t h e  e f f e c t  of t h e  number of ion exchange si tes p r e s e n t  
was no t  s t u d i e d  bu t  has  been r epor t ed  elsewhere (15-20) .  

Retent ion of an o rgan ic  a n a l y t e  ion  by an ion  
exchange process  w i l l  be inf luenced by: 1) i o n i c  
s t r e n g t h ,  2) concen t r a t ion  of countercat ion,  3 )  mobile 
phase p H ,  and 4 )  s t a t i o n a r y  phase c a t i o n  exchange 
capac i ty .  According t o  eq.  2 ,  a s  the  mobile phase i o n i c  
s t r e n g t h  i s  increased,  a n a l y t e  r e t e n t i o n  w i l l  d ec rease  
due t o  inc reased  competit ion f o r  t h e  ion  exchange sites. 
Mobile phase pH w i l l  a f f e c t  t h e  i o n i z a t i o n  of a weak 

base. Its r e t e n t i o n  due t o  ion exchange, t h e r e f o r e ,  w i l l  
be dependent on i t s  degree of i o n i z a t i o n .  In  t h i s  s tudy 
bo th  t h e  b u f f e r  and t h e  added UV-absorbing coun te rca t ion  
w i l l  i n f luence  t h e  mobile phase i o n i c  s t r e n g t h  and p H .  

The e f f e c t  of  a n a l y t e  r e t e n t i o n  due t o  t h e  number of 
c a t i o n  exchange si tes was not  s t u d i e d  he re  b u t  has  been 
r e p o r t e d  elsewhere (24-29) . 

I n  I n d i r e c t  Photometric Chromatography (IPC) , t h e  
W-absorbing coun te rca t ion  has  a dua l  r o l e :  
1) displacement of an a n a l y t e  c a t i o n  from t h e  c a t i o n  
exchange column and 2 )  d e t e c t i o n  of an W- t ranspa ren t  
a n a l y t e  c a t i o n  as a d i p  o r  trough i n  t h e  b a s e l i n e  
absorbance. When a low-capacity c a t i o n  exchange column 
is  used f o r  s epa ra t ing  organic  a n a l y t e  c a t i o n s ,  t h e  
W-absorbing coun te rca t ion  w i l l  be involved i n  t h e  
d e t e c t i o n  of t h e  organic  a n a l y t e  c a t i o n  and w i l l  compete 
f o r  t h e  c a t i o n i c  exchange si tes.  I f  t h e  W- t ranspa ren t  
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1518 WALKER 

analyte is charged, the UV-absorbing countercation will 
compete with the charged analyte for the cation exchange 
sites and will also participate in the indirect detection 
of the analyte cation. However, if retention of the 
W-transparent analyte is predominantly by adsorption, 
then the W-absorbing countercations major role is in the 
indirect detection of the analyte. 

The first mobile phase variable studied was the 
concentration of added organic modifier. 
expected that as the concentration of organic modifier is 
increased analytes that are retained predominatly by 
adsorption should decrease in retention. A s  shown in 
Figure 1, the retention of tetrapentylammonium chloride 
(TPeA'Cl-) decreased significantly indicating that 
adsorption is the predominant retention mechanism, while 
the retention of tetramethylammonium chloride (TMA'C1-) 
increased indicating that its retention is due primarily 
to cation exchange. Increasing the mobile phase 
concentration of acetonitrile leads to a change in the 
relative polarity of the mobile and stationary phases. 
As the mobile phase becomes more nonpolar, the stationary 
phase, with respect to the mobile phase, increases in 
polarity. Analytes that are cationic and have a small 
hydrophobic center will tend to be attracted toward the 
phase that is more polar and will, therefore, be more 
highly retained on the cation exchange sites as the 
concentration of acetonitrile increases. Figure 2 shows 
the separation of the tetraalkylammonium salts (TAA') at 
two different concentrations of acetonitrile. At 70% 
ace t oni t ri le , t et raet hy lammonium chloride ( TEA'Cl-) and 
TMA'C1- eluted after TPeA'Cl-, while tetrapropylammonium 
chloride (TPrA'C1-) and tetrabutylammonium chloride 
(TBA'C1-) were separated but not baseline resolved. When 
the concentration of acetonitrile was reduced to 60%, 
TPeA'Cl- eluted after TMA'C1- and TEA'Cl-, while the 

It would be 
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0 T M A + C ~ -  
0 T E A + C ~ -  

X T P ~ A + C ~ -  

0 TBA+C~- 
A T P ~ A + C ~ -  

50 55 60 65 70 
Percent CH3CN 

FIGURE 1 

The Effect of CH3CN Concentration on the Retention of 
TAA+ Salt Cations. 

A 0.003 M BTMA'Cl-, 0.01 M CH3COOH, CH3CN:HzO Mobile 
phase. 
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A 
0 2 4 6 8 10 

Minutes 

s I 

I A .  4 

0 2 4 6 8 10 
Minutes 

FIGURE 2 

The Separation of A) TMA'Cl-, B) TEA'Br-, C) TPrA'Br-, 
D) TBA'C1-, E) TPeA'C1-, F) System Peak, at Different 
Concentrations of CH3CN. 

I) A 7:3 CH3CN:H20, 0.003 M BTMA'Cl-, 0.01 M CH3COOH 
mobile phase. 

11) A 6:4 CH3CN:H20, 0.003 M BTMA'C1-, 0.01 M CH3COOH 
mobile phase. 
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SEPARATION OF ORGANIC ANALYTE CATIONS 1521 

r e so lu t ion .  between TPrA'C1- and TBA'C1- improved. 
e l u t i o n  o rde r  of t h e  TAA' s a l t s  w e r e  found t o  be 
d i f f e r e n t  on t h e  low-capacity c a t i o n  exchange column 
(PRP-X200) than  t h a t  observed on a s i l i c a - b a s e d  s t r o n g  
c a t i o n  exchange column ( 1 2 ) .  By a d j u s t i n g  t h e  mobile 
phase concen t r a t ion  o f  a c e t o n i t r i l e ,  e l u t i o n  o r d e r s  on 
t h e  PRP-X200 column can be changed. 

The 

The mobile phase i o n i c  s t r e n g t h  p l ays  a major r o l e  
i n  t h e  r e t e n t i o n  of  an o rgan ic  a n a l y t e  c a t i o n  on a c a t i o n  
exchange column. An i nc rease  i n  t h e  mobile phase i o n i c  
s t r e n g t h  l e a d s  t o  inc reased  competit ion f o r  t h e  c a t i o n  
exchange s i tes  and lower a n a l y t e  c a t i o n  r e t e n t i o n .  
Figure 3 shows t h a t  t h e  r e t e n t i o n  of mono-, di-, and 
t r ibu ty l amine  on t h e  PRP-X200 column as a func t ion  o f  
mobile phase i o n i c  s t r e n g t h .  The mobile phase i o n i c  
s t r e n g t h  i n  t h i s  s tudy w a s  c o n t r o l l e d  by t h e  a d d i t i o n  of 
N a C l  bu t  i s  a l s o  a func t ion  of t h e  amount of  W-absorbing 
coun te rca t ion  p resen t  i n  t h e  mobile phase. The r e t e n t i o n  
of s e v e r a l  TAA' s a l t s  with r e s p e c t  t o  t h e  amount o f  
benzyltrimethylammonium c h l o r i d e  (BTMA'Cl-) added t o  t h e  

mobile phase i s  shown i n  Figure 4 .  The r o l e  of BTMA'C1- 

i n  t h e  sepa ra t ion  and d e t e c t i o n  of t h e  o rgan ic  a n a l y t e  
c a t i o n s  i s  two-fold; 1) t o  v i s u a l i z e  an UV-transparent 
a n a l y t e  and 2 )  t o  compete f o r  t h e  c a t i o n  exchange s i t e s .  
A s  t h e  concentrat ion of BTMA'Cl- was increased a 
corresponding decrease i n  t h e  r e t e n t i o n  of t h e  TAA' s a l t  

was observed. 
i n f luences  t h e  i n t e n s i t y  of t h e  s i g n a l  f o r  an a n a l y t e  as 
it e l u t e s  from t h e  column. Therefore,  t h e  concen t r a t ion  
of BTMA'C1- mus t  be determined so t h a t  t h e  b e s t  
s e p a r a t i o n  and t h e  optimum s e n s i t i v i t y  a r e  ob ta ined .  

The concentrat ion of BTMA'C1- a l s o  

Mobile phase pH p lays  a major r o l e  i n  t h e  i o n i z a t i o n  
of an o rgan ic  a n a l y t e .  For an organic  a n a l y t e  t o  be 

r e t a i n e d  by a c a t i o n  exchange mechanism on t h e  PRP-X200 

column, t h e  a n a l y t e  m u s t  be c a t i o n i c .  Three basic amino 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1522 WALKER 

1.50 1.75 2.00 2.25 2.50 
p x M 

FIGURE 3 

The Effect of Mobile Phase Ionic Strength on Mono-, Di-, 
and Tributylamine Retention. 

A 0.005 M BTMA'Cl-, 0.01 M CH3COOH, NaC1, 7:3 
CH3CN:H20 mobile phase. 
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0 TMA+C~- 
0 T E A + B ~ -  

x TPrA+Br- 

A TP~A+CI- 

O J  
0.001 0.004 0.007 0.010 

Concentral-ion o f  BTMA+C~-, M 

FIGURE 4 

The Effect of BTMA'C1- Concentration on TAA' Salt 
Retention. 

A BTMA'Cl-, 0.01 M CH3COOH, 6:4 CH3CN:HzO mobile 
phase. 
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a c i d s  (AA) , L-orni thine (L-Orn) , L-lysine (L-Lys) , and 
L-arginine (L-Arg) w e r e  s t u d i e d  t o  show t h e  e f f e c t  of pH 
on r e t e n t i o n .  AA w e r e  used i n  t h i s  s tudy s i n c e  they  can 
e x i s t  as ca t ions ,  z w i t t e r i o n s  o r  anions.  Figure 5 i s  a 
p l o t  of t h e  r e t e n t i o n  d a t a  f o r  t h e  t h r e e  AA. A s  t h e  
mobile phase pH w a s  raised, r e t e n t i o n  of t h e  t h r e e  AA 

decreased.  It  should be noted t h a t  i f  t h e  PRP-X200 

column did not con ta in  any c a t i o n i c  exchange s i tes ,  o r  if 
t h e  AA were i n  a z w i t t e r i o n i c  o r  an ion ic  form, l i t t l e  o r  
no r e t e n t i o n  would have been observed. I f  t h e  pH was 
lowered t o  2 . 0 ,  t h e  three AA would be d i - ca t ions  and 
t h e i r  r e t e n t i o n  would be s i g n i f i c a n t l y  higher  130,311. 

Therefore,  f o r  an organic  a n a l y t e  t o  be  r e t a i n e d  by 
c a t i o n  exchange, t h e  mobile phase pH must be low enough 
t o  a s s u r e  t h a t  t h e  a n a l y t e s  w i l l  be i n  a c a t i o n i c  form. 

Figure 6 shows t h e  s e p a r a t i o n  of 2,4-diaminobutyric 
acid (DABA), L - O m ,  L-Lys and L-Arg.  A s  t h e  l eng th  of 
t h e  side cha in  f o r  DABA, L - O m ,  and L-Lys i nc reases ,  t h e  
a n a l y t e s  become more hydrophobic and t h e i r  r e t e n t i o n  
i n c r e a s e s .  The enhanced r e t e n t i o n  i s  a t t r i b u t e d  t o  
c a t i o n  exchange and adsorpt ion c o n t r i b u t i o n s  t h a t  provide 
b e t t e r  se lect ivi ty  with i n c r e a s i n g  chain l eng th .  

Figure 7 shows t h e  s e p a r a t i o n  of mono-, d i - ,  and 
t r ibu ty l amine .  The e l u t i o n  o rde r  of t h e  t h r e e  
alkylamines can be r eve r sed  by decreasing t h e  

concen t r a t ion  of CH3CN i n  t h e  mobile phase. I t  was a l s o  

found t h a t  a t  lower concen t r a t ions  of  CH3CN, t h e  e l u t i o n  

o rde r  of t h e  alkylamines w e r e  d i f f e r e n t  t han  t h a t  
observed on a s i l i c a - b a s e d  s t r o n g  c a t i o n  exchange column 

(11). 
Analyte s t anda rds  w e r e  prepared f o r  t h e  d i -  and 

t r i a l k y l a m i n e s  , and TPrA+Cl -  and TPeA'Cl- . Linear  

c a l i b r a t i o n  curves of peak a r e a  ve r sus  ppm of a n a l y t e  
w e r e  obtained f o r  a 50-pL i n j e c t i o n  over  t h e  range o f  5 . 0  

t o  800  ppm. The c o r r e l a t i o n  c o e f f i c i e n t s  obtained w e r e  
g r e a t e r  t han  0.995 f o r  both groups of s t anda rds .  
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FIGURE 5 

T h e  E f f e c t  of Mobile Phase pH on Amino A c i d  R e t e n t i o n .  

A 0 . 0 0 3  M BTMA'Cl-, 0.05 M CH3COOH, 1:9 CH3CN:H20 
mobile phase. 
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k I 
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Minutes 

FIGURE 6 

The Separation of A) DABA, B) L-Orn ,  C) L-Lys, D) L-Arg .  

A 0.003 M BTMA'Cl-, 0.05 M CH3COOH, 3:7 CH3CN:H20 
mobile phase, 3.0 ml/min. 
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FIGURE 7 

The Separation of A)  Tributylamine, B) Dibutylamine, 
C) Butylamine. 

A 0.005 M BTMA'Cl-, 0.01 M CH3COOH, 
mobile phase. 

7:3 CH3CN:H20 
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CONCLUSIONS 
The s e p a r a t i o n  of W- t ranspa ren t  o rgan ic  a n a l y t e  

c a t i o n s  on a low-capacity c a t i o n  exchange column us ing  
i n d i r e c t  W d e t e c t i o n  was s tud ied .  This s e p a r a t i o n  and 
d e t e c t i o n  method has  been s u c c e s s f u l l y  a p p l i e d  t o  s e v e r a l  
d i f f e r e n t  groups of  o rgan ic  a n a l y t e  c a t i o n s .  E lu t ion  
o r d e r s  of  t h e  organic  a n a l y t e  c a t i o n s  were found t o  be 
d i f f e r e n t  t h a n  those  observed on s i l i c a - b a s e d  s t r o n g  
c a t i o n  exchange columns. E lu t ion  o r d e r s  can be changed 
on t h e  low-capacity c a t i o n  exchange column by a d j u s t i n g  
t h e  concen t r a t ion  of organic  modif ier .  C a l i b r a t i o n  
curves were l i n e a r  down t o  5 .0  ppm. 
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