
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Comparison of Silica-Based Strong Ion Exchangers and Low-Capacity
Polymer-Based Strong Ion Exchangers For the Separation of Organic
Analyte Ions Using Indirect Uv Detection
Thomas A. Walkera; Nisar Akbarib; Thanh V. Hob

a Technical Development Marion Merrell Dow Inc., Kansas City, Missouri b Chemical Products
Discovery the NutraSweet Company, Illinois

To cite this Article Walker, Thomas A. , Akbari, Nisar and Ho, Thanh V.(1991) 'Comparison of Silica-Based Strong Ion
Exchangers and Low-Capacity Polymer-Based Strong Ion Exchangers For the Separation of Organic Analyte Ions Using
Indirect Uv Detection', Journal of Liquid Chromatography & Related Technologies, 14: 4, 619 — 641
To link to this Article: DOI: 10.1080/01483919108049275
URL: http://dx.doi.org/10.1080/01483919108049275

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483919108049275
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 14(4), 619-641 (1991) 

COMPARISON OF SILICA-BASED 

LOW-CAPACITY POLY MER-BASED STRONG 
STRONG ION EXCHANGERS AND 

ION EXCHANGERS FOR THE SEPARATION 
OF ORGANIC ANALYTE IONS USING 

INDIRECT UV DETECTION 

THOMAS A.  WALKER*^, NISAR A K B A R I ~ ,  
AND THANH V. H 0 2  

'Technical Development 
Marion Merrell Dow Inc. 

P.O. Box 9627 
Kansas City ,  Missouri 64134 

2Chemical Products Discovery 
The NutraSweet Company 

601 E .  Kensington Road 
Mt. Prospect, Illinois 60056 

ABSTRACT 

The retention and separation of organic analyte anions and 
cations was studied on two different types of columns: low- 
capacity polymer-based ion exchangers and silica-based strong 
ion exchangers. It was found that separations and elution orders 
were different between the two columns. The retention of an 
organic analyte ion on a particular stationary phase was 
dependant on the type of retention mechanism by which the 
analyte ion was retained: adsorption, ion exchange or a 
combination of the two. The low-capacity ion exchanger 
provides both adsorption sites and ion exchange sites with 
which the organic analyte ions may interact. Organic analyte 
ions are retained on the silica-based ion exchangers 
predominantly by ion exchange. The mobile phase variables that 

619 

Copyright 0 1991 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



620 WALKER, AKBARI, AND HO 

were found to affect analyte ion retentiori were: ionic strength, 
concentration of W-active counterion, mobile phase pH, and 
concentration of organic modifier. A comparison is done on the 
retention data and elution orders that were found for the organic 
analyte ions on the silica-based strong ion exchangers and the 
low-capacity ion exchangers. 

INTRODUCTION 

The routine analysis and determination of ionic analytes in 
different sample matrixes such as aqueous environments, 
biological fluids, and waste streams, has become very important. 
Until Small, et al. (1) published their work on ion 
chromatography (IC), the separation and detection of ionic 
analytes was quite difficult. This paper was of significance since 
it reported for the first time the rapid separation and 
determination of common anions, and the alkali and alkaline 
earth metals. This method used an ion exchange column 
(separator) with a second ion exchange column (suppressor) 
placed in series. The first column was used to separate the 
analyte ions of interest and the second column was used to 
decrease the background conductance so that sensitive 
detection could be done. 

separation of anions and cations using low-capacity ion 
exchangers and low-conducting mobile phases followed by 
conductivity detection. This system did not require the use of a 
suppressor column and was called "single column IC". This 
method provided separations and detection limits that were 
similar to that of dual column IC. 

Two types of packings are commonly used for ion 
chromatography: silica-based and polymer-based ion exchangers 
(4). The polymer-based ion exchangers typically contain a 
polystyrenedivinylbenzene (PSDVB) backbone while the silica- 
based ion exchangers use a porous silica bead. The PSDVB is 
either lightly sulfonated (cation exchanger) or lightly aminated 

In 1979 and 1980, Fritz and co-workers (2,3) reported the 
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ORGANIC ANALYTE IONS ON TWO COLUMNS 62 1 

(anion exchanger). The silica-based packings are chemically 
prepared to form the anion or cation exchanger. Silica-based 
ion exchangers retain analyte ions by ion exchange interactions 
while the PSDVB ion exchangers can retain analyte ions by a 
reversed-phase interactions, ion exchange, or a combination of 
the two (5-7). The organic analyte ions must contain a fixed 
charge site and a hydrophobic center in order for the dual 
retention mechanism to take place. 

This paper compares the separation of organic analyte 
cations and anions on silica-based strong ion exchangers and 
low-capacity polymer-based ion exchangers. The mobile phase 
variables and the effect that these variables had on the 
separation of the analyte ions on each column is discussed. 
Several differences were observed for the separations of organic 
analyte ions when the two different types of stationary phases 
are compared. These differences include: elution orders, 
selectivities, and retention mechanisms. 

EXPERIMENTAL 

ADDaratus 
The liquid chromatographic system used in this study 

consisted of a Varian Vista 5500 HPLC. Varian W-200 detector, 
and BrookfieId strip chart recorder or Hewlett-Packard Model 
1090M HPLC system. The stationary phases used in this study 
were: a 4.1 x 150 mm PRP- 1 poly-(styrenedivinylbenzene) 
copolymer, a 4.1 x 150 mm PRP-X100 low-capacity anion 
exchange column, and a 4.1 x 150 mm PRP-X200 low-capacity 
cation exchange column (available from the Hamilton Company 
Reno, NV. U.S.A.), a 4.6 x 150 mm Spherex 10 SAX silica-based 
anion exchange column and a 4.6 x 150 mm Spherex 10 SCX 
silica-based cation exchange column (available from Phenomenex 
Torrance, CA, USA). The PRP-X100 column is a spherical, 10 
pm poly(styrenediviny1benzene)-based anion exchange column 
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622 WALKER, AKBARI, AND HO 

with an anion exchange capacity of 200 pEq/g. while the PFW- 
X200 is a spherical, 10pm poly(styrenediviny1benzene)-based 
cation exchange column with a cation exchange capacity of 35 
pEq/g. Flow rates of 2.0 mL/min were used unless noted. 
Analyte samples of approximately 1 mg/mL were used with 
injection volumes of 10-50 pL. Inlet pressures of 500-600 psi 
were observed. 

Chemicals 
HPLC grade acetonitrile was obtained from Fisher Scientific 

(Fairlawn, N J ,  U.S.A.). Potassium hydrogen phthalate, inorganic 
salts, mono- and di-carboqlic acids, benzyltrimethylammonium 
chloride, tetraalkylammonium salts, and alkylamines were 
purchased from The Aldrich Chemical Company, Milwaukee, WI. 
Glacial acetic acid and concentrated phosphoric acid were 
obtained from Mallinckrodt, Paris, KY. All chemicals were 
reagent grade. HPLC grade water was obtained by passing de- 
ionized water through a Nanopure water purification unit. 

RESULTS AND DISCUSSION 

Differences in the retention mechanism of organic analyte 
ions have been shown to exist when comparing silica-based 
strong ion exchangers and low-capacity polymer-based ion 
exchangers. Silica-based ion exchangers retain charged analyte 
ions by ion exchange interactions (43) whereas polymer-based 
ion exchangers retain analyte ions by ion exchange, reversed- 
phase interactions, or a combination of the two (5-7). In  order 
for the analyte ion to be retained by ion exchange and reversed- 
phase interactions on the polymer-based ion exchanger, the 
analyte ion must contain a fixed-charge site and a hydrophobic 
center [5,6,9, lo). 

composed of a silica backbone and contain charge bearing 
The silica-based strong acid and base ion exchangers are 
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ORGANIC ANALYTE IONS ON TWO COLUMNS 623 

functional groups. Strong cation exchangers are based on 
sulfonate groups while strong anion exchangers are based on 
trialkylammonium groups. The most common retention 
mechanism is simple ion exchange of sample ions X- and mobile 
phase ions Y- with the charged groups R+ of the stationary phase 
(43). This mechanism is shown in equation 1 for an anion 
exchanger: 

Ion exchange chromatography has been used for the 
separation of many different types of analytes, including: 
inorganic ions (4,ll-15). organic acids and bases (4,ll-15). 
carbohydrates (16,171, amino acids (18-20). peptides (21-23) 
and proteins (24-26). The mobile phase parameters that are 
important to ion exchange include (4.14): 1) selectivity of the 
resin for various ions, 2) the particular ionic form (counterion) 
of the resin at the start of the analysis, 3) the concentration of 
the counterion in the mobile phase, and 4) the pH of the mobile 
phase. Samples that interact weakly with the ion exchanger will 
be retained weakly on the column and will elute early while 
samples that interact strongly with the ion exchanger will be 
retained more strongly and elute later. Analytes that are weak 
acids or bases will be retained on the ion exchanger as a function 
of ionization: an analyte that is charged will be retained much 
longer than an uncharged analyte. The extent of ionization is 
controlled by the mobile phase pH. As the pH of the mobile 
phase is increased, retention of weak acids will increase 
whereas the retention of weak bases will decrease. 

Low-capacity poIymer-based ion exchangers have been 
shown to have a dual retention mechanism of ion exchange and 
adsorption for analyte ions that contain both a hydrophobic 
center and a fixed charged site (5-7.9). In order for this dual 
retention mechanism to be present, the stationary phase must 
be non-polar, have a high surface area and provide relatively few 
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624 WALKER, AKBARI, A N D  HO 

ion exchange sites. The electrical potential of the stationary 
phase depends on the number of ion exchange sites present. 
Adsorption will also depend on the number of ion exchange sites 
on the stationary phase: the more ion exchange sites that are 
present on the stationary phase, the fewer adsorption sites that 
will exist. The two mechanisms that are present, ion exchange 
(IE) and adsorption [Ads) can be represented by equations 2 and 
3. In this case, an  anion exchanger is represented: 

IE A-NMe,+C- + R-X- + M+ - A-NMe,+X-R + C- + M+ (2) 

where A represents the copolymeric matrix, C- is the 
counteranion [or UV-active counteranion). R-X- is an analyte 
with an anionic site X- and a hydrophobic center R, and M+ is 
the mobile phase countercation. 

are involved with the separation of organic analyte ions on the 
polymer-based ion exchangers and what affect each parameter 
will have on their retention and separation (7,27-29). Organic 
analyte ions that are retained predominantly by ion exchange 
will be influenced by mobile phase ionic strength, concentration 
of counterion (UV-active counterion), mobile phase pH, and the 
number of ion exchange sites present on the stationary phase. 
A s  the mobile phase ionic strength is increased (by the addition 
of inert electrolytes, increased concentration of buffers and/or 
W-active counterion to the mobile phase), the retention of the 
analyte ions will decrease. The mobile phase pH will affect the 
ionization of weak acids and bases and their retention. The W- 
active counterion is a weak acid or base and will also be affected 
by the mobile phase pH. If the counterion is unionized, it will 
not compete for the ion exchange sites and the analyte ions that 
are retained by ion exchange will be highly retained. 

Previous studies have shown what mobile phase parameters 
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ORGANIC ANALYTE IONS ON TWO COLUMNS 625 

Adsorption of the organic analyte ions onto the polymeric 
backbone will be affected by the following: the mobile phase 
concentration of organic modifier, mobile phase ionic strength, 
mobile phase pH, hydrophobicity of the organic analyte. and the 
hydrophobicity of the stationary phase. Retention of the organic 
analyte ions will decrease as the amount of organic modifier 
added to the mobile phase increases. Changes in the ionic 
strength will produce a change in analyte retention. The ionic 
strength is affected by the concentration of added inert 
electrolytes, buffers and W-active counterions. The mobile 
phase pH will affect the charge of the organic analyte and its 
hydrophobicity. Retention of an organic analyte by adsorption 
will decrease as the analyte becomes ionized. Adsorption of an 
organic analyte will decrease as the number of fured ion 
exchange sites increases. 

the organic analyte ions of interest. Indirect Photometric (W 
or "vacancy" chromatography (IPC) was introduced as an 
extension of ion chromatography where detection was done by 
U V  absorbance rather than by conductance (30). IPC employs a 
mobile phase that contains a UV-active counterion which 
competes with the analyte ions for the ion exchange sites. 
Typically weak organic acids (potassium hydrogen phthalate, 
KHP) or bases (benzyltrimethylammonium chloride) are used as 
the mobile phase UV-active counterion. The UV-active 
counterion must be charged in order to obtain a satisfactory 
separation of the analyte ions of interest and also to participate 
in the detection of the UV-transparent analyte ions. The W -  
active counterion may be used to control the mobile phase ionic 
strength and pH. However, the concentration of the UV-active 
counterion is critical since too high of a concentration may 
overload the detector and cause it to be out of the optimal 
working range. 

In this study, indirect UV detection was used to visualize 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



626 WALKER, AKBARI, A N D  HO 

- Succinic 
* Glutaric - Pimelic - Fumaric 

60 + Oxalic 

Suberic 

k' 40 

20 

0 
0.00 1 0.002 0.003 0.004 0.005 

M. KHP 

Fig 1 Effect of W-active counteranion concentration on 
organic analyte anion retention on a Spherex SAX 
column. Eluent- KHP, pH 6.5, 5:95 CHQCN/H~O. 

Anion Exchange - 

based strong anion exchange column (SAX) and a low-capacity 
polymer-based anion exchanger (PW-XlOO) were studied to 
determine how retention may differ. Several mobile phase 
variables were identified as having an effect on the retention and 
separation of the organic analyte anions. These variables were 
studied on a SAX column. A similar study was previously done on 
a low-capacity anion exchange column to determine what affect 
the mobile phase variables had on the separation and retention 
of organic analyte anions (291. 

KHP) on the retention of several di-carboqlic acids on the SAX 

The separation of mono- and di-carboxylic acids on a silica- 

Figure 1 shows the effect of ionic strength (concentration of 
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Furnark 
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* Suberic 
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PH 

Fig. 2 Effect of mobile phase pH on organic andyte anion 
retention on a Spherex SAX column. Eluent- 0.005 M 
KHP, 5:95 CHQCN/H~O. 

column. The retention of the di-carboxylic acids decreased as 
the concentration of KHP was increased and follows what would 
be expected. According to equation 1, the equilibrium will be 
shifted to the left as the concentration of KHP is increased and a 
corresponding decrease in the retention of the organic analyte 
anions will be observed. Similar results were also found for the 
organic analyte anions on the PRP-XlOO (29). 

In order for an organic analyte to be retained by ion 
exchange it must be ionized. If the analyte is unionized, it will 
have little or no retention on a silica-based anion exchanger. 
The effect of the mobile phase pH is shown in Figure 2. As the 
mobile phase pH was raised, retention of the di-carboxylic acids 
were found to increase. This would be expected since the di- 
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628 WALKER, AKBARI, A N D  HO 

carboqlic acids are going from being unionized to mono-anionic 
to di-anionic. For all of the di-carboxylic acids studied, except 
pimelic acid, retention increased as the pH was increased. 
Pimelic acid, which has a PKa of 4.75, is almost completely 
ionized at pH 4.5 and would, therefore, not significantly increase 
in retention as the mobile phase pH is increased. The other di- 
carboxylic acids studied, however, interacted more strongly with 
the fxed ion exchange sites as  the mobile phase pH was raised 
due to increased ionization. 

Similar results were not observed on the PRP-X100 column 
(29). As the mobile phase pH was raised, the retention of the 
di-carboxylic acids was found to decrease for the longer chain 
acids while the shorter-chain acids showed almost no change. 
This is attributed to the longer chain acids being retained 
predominantly by adsorption at low mobile phase pH (pH 4.0) 
where the acids are not ionized or only slightly ionized. 
Ionization of the organic acids took place when the mobile phase 
pH was increased and retention changed from that of adsorption 
to anion exchange or a combination of anion 
exchange/adsorption. The long-chain acids interact more 
strongly with the adsorption sites than with the ion exchange 
sites and therefore decreased in retention. The shorter chain 
di-carboxylic acids are retained predominantly by anion 
exchange and showed little or no change in retention. 

anion exchanger was the concentration of organic modifier. The 
retention of the di-carboxylic acids were found to decrease as 
the amount of acetonitrile added to the mobile phase increased 
(Figure 3). Research has shown that an organic modifier will 
have an effect on the retention of ions on an ion exchange 
column (8,31,32). The organic modifier may lead to an increase 
or decrease in analyte ion retention, depending on the chemical 
nature of the analyte ions. 

the acids were different than that observed on the SAX column. 

The third mobile phase variable studied on the silica-based 

The results that were found on the PRP-X100 column for 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORGANIC ANALYTE IONS ON TWO COLUMNS 

+ succinic 
+ Glutaric 
+ Pimelic 

Fumaric 
I Adipic - Azelafc - Suberlc 

50 

40 

k’ 

30 

20 

10 

629 

L 
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Fig. 3 Effect of organic modifier concentration on organic 
andyte anion retention on a Spherex SAX column. 
Eluent- 0.005 M KHP, pH 6.5, CHQCN/H~O. 

In general, the shorter-chain organic acids (i.e., acetic, malonic, 
fumaricl increased in retention on the PRP-X100 column as the 
concentration of acetonitrile was increased. The longer chain 
di-carboqlic acids (i.e., pimelic acid), however, showed a 
signifcant decrease in retention with increasing acetonitrile 
concentrations. The longer chain acids are retained 
predominantly by adsorption and showed a decrease in retention 
with increasing acetonitrile concentration. The shorter chain 
acids, whose retention is due to anion exchange, increased in 
retention. These differences can be explained by looking at the 
relative polarities of the mobile and stationary phases. As the 
mobile phase becomes more nonpolar (increasing concentration 
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630 WALKER, AKBARI, AND HO 

of organic modifier), the stationary phase with respect to the 
mobile phase becomes more polar. Therefore, analytes that are 
ionic 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 ion-exchange sites as 
the concentration of organic modifier increases. The longer 
chain acids that are retained by adsorption will tend to decrease 
in retention (29). 

column is shown in Figure 4A, while Figure 4B shows the 
separation on the PRP-XlOO column. The mobile phase 
conditions were optimized for this separation on both columns. 
Several differences were observed in elution orders between the 
two columns. On the SAX column, oxalic acid (H) and fumaric 
acid (G) did not co-elute whereas this pair was difficult to 
resolve on the PRP-X100 column. Succinic acid (A) and malonic 
acid (C) ,  as well as glutaric acid (B) and maleic acid (E) co-eluted 
on the SAX column but not on the PRP-X100 column. These 
differences may be attributed to the type of interactions that 
each analyte has toward the particular stationary phase: ion 
exchange on the SAX versus ion exchange/adsorption on the 
PRP-X100. Overall, it was found that the PRP-XlOO is a better 
choice for the separation of the dicarboxylic acids. 

A separation of the di-carboxylic acids on the Spherex SAX 

Cation Exchange 
A similar study was done on a silica-based strong cation 

exchanger (SCX) and a low-capacity polymer-based strong cation 
exchanger. The SCX column used in this study was a Spherex 
1 0  SCX while the low-capacity cation exchanger was a Hamilton 
PRF'-X200. Differences in cation retention and separations were 
observed for the two different types of columns. 

The effect that the concentration of UV-active countercation 
had on organic analyte cation retention using the SCX column is 
shown in Figure 5. It was found that retention of the cations 
decreased as the concentration of UV-active countercation was 
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G . H  

E - 2 0  

3 
(r 

-30 

-40 
20 30 10 

T i m e  (min.) 

Fig. 4 Separation of di-carboxylic acids on A) Spherex SAX and 
B) PRP-X100. A) Eluent- 0.002 M KHP. pH 6.5, 5:95 
CHQCN:H~O, B) Eluent-0.001 M KHP. pH 4.5. 5:95 
CH3CN:HzO. A) succinic acid. B) glutaric acid, C) 
malonic acid, D) adipic acid, E) maleic acid, F) pimelic 
acid, G) fumaric acid, H) oxalic acid, I) suberic acid. 
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- TMACl - m c 1  - TPrACl - TBACl - TPeACl - 'THXACI 
I THpACl 

40 
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k' 
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0.01 0.02 0.03 0.04 0.05 

[BTMACI]. M 

Fig 5 Effect of UV-active countercation on TAA+ salt retention 
on a Spherex SCX column. Eluent- BTMA+CI-, 0.01 M 
Acetic acid, 70:30 CH3CN:H2O. 

increased (eq. 1 shifts to the left). This would be expected due 
to increased competition for the cation exchange sites from the 
higher concentration of benzyltrimethylammonium chloride 
(BThTAWl-). Similar results were also observed on the low- 
capacity polymer-based cation exchanger (PRp-X2001, 

modifier had on organic analyte retention on the SCX column 
Tetramethylammonium chloride (TIVIA+Cl-) and 
tetraethylammonium chloride (TEA+Cl-) increased in retention 
with increasing organic modifier concentration. The longer 
chain tetraalkylammonium ions (TAA+), however, decreased in 
retention. Increasing the mobile phase concentration of organic 

Figure 6 shows the effect that the concentration of organic 
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--t mc1 
--t TprACl - mc1 - neAc1 

30 40 50 60 70 
Percent Acetonitrile 

Effect of organic modifier concentration on TRA+ salt 
retention on a Spherex SCX column. Eluent- 0.02 M 
BTMAW-, 0.01 M Acetic acid, CH3CN:H20. 

Fig. 6 

modifier leads to a change in the relative polarity of the mobile 
and stationary phases. As the mobile phase becomes more 
nonpolar (increasing the organic modifier concentration]. the 
stationary phase, with respect to the mobile phase becomes 
more polar. Analytes that are cationic and are retained 
predominantly by cation exchange will be attracted to the phase 
that is more polar. This leads to an increase in retention for the 
analytes retained by cation exchange. The longer chain TAA+ 
salts are retained by adsorption or a combination of 
adsorption/cation exchange and showed a decrease in retention. 

The same organic modifier study was also done with several 
alkylamines. The results that were found are shown in Figure 7. 
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- Butylamine - Pentylamine 

Heptylamine 

k' 

30 40 50 60 70 
Percent Acetonitrile 

Fig. 7 Effect of organic modifier concentration on alkylamine 
retention on a Spherex SCX column. Eluent- 0.01 M 
BTMA+Cl-. 0.01 M Acetic acid, CHQCN:H~O. 

The alkylamines that interact most strongly with the cation 
exchange sites had the highest increase in retention. 
Methylamine and ethylamine showed the greatest increase in 
retention whereas heptylamine and hexylamine showed only a 
slight change in retention. 

cations studied on the SCX and the PRP-X200 columns. Figure 8 
compares the separation of TAA+ salts on the SCX column (8A) 
and on the PRP-X200 column (8B). The SCX column had an 
elution order of THpA+Cl- < THxA+Cl- c TPeA+Cl- c TBA+Cl- c 
TPrA+Cl- c TEA+Cl- c TMA+Cl- whereas the elution order on 
the PRP-X200 was TPrAWl- < TEIA+Cl- cTPeA+CI- < TEA+Cl- c 
TMA+Cl- c THxA+Cl- c THpA+CI-. The differences in the 

Elution orders were found to be different for the organic 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORGANIC ANALYTE IONS ON TWO COLUMNS 635 

0 
A 

- 1 0  
3 

E 

-20 

2 4 6 B 1 0  12 1 4  16 
Time ( m i n . )  

B 

3 a 

2 4 6 8 
T i m e  Cmln.) 

Fig. 8 Separation of TAA+ salts on A) Spherex SCX column and 
B) PRP-X200 column. A) Eluent- 0.02 M BTMA+Cl-, 
0.01 M Acetic acid, 70:30 CH3CN:H2O, B) 0.003 M 
BTMA+Cl-. 0.01 M Acetic acid, 70:30 CHQCN:H~O. A) 
THpA+Cl-, B) THxA+C1-. C) TPeA+Cl-, D) TBA+Cl-, E) 
TPrA+Cl-, F) TEA+Cl-, G) TMA+Cl-. 
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elution order can be explained by the retention mechanism(s) 
that take place on each packing. The SCX stationary phase 
retains cations predominantly by cation exchange whereas the 
PRP-X200 has a dual retention mechanism of cation exchange 
and adsorption. When the TAA+ salts are separated on a PFW-1 
column, which is the same packing as the PRP-X200 column 
except for the fixed sulfonate charge sites, the TAA+ were found 
to elute according to the chain length of the alkyl groups: the 
longer the alkyl chain the greater its retention. The elution 
order on the PRP-1 column was as follows: 'IMA+Cl- < TEA+Cl- < 
TPrA+Cl- < TE3A+C1- < TPeA+Cl- < THxA+Cl- c THpA+Cl-. This 
is the opposite of the elution order found on the SCX column 
(17,30). Therefore, when both adsorption and cation exchange 
sites are present (PFW-X200), differences in elution orders will 
be found when compared to either cation exchanger (SCX) or a 
reversed-phase packing (PRP-1). The data from both cation 
exchangers and the reversed-phase packing helps to distinguish 
between the retention mechanism for different organic analyte 
cations. The longer chain TAA+ salts (TPeA+Cl-, THxAWl-, 
THpA+CI-) are retained on the PRP-X200 predominantly by 
adsorption whereas the smaller chain TAA+ salts (TMAWl-, 
TEA+Cl-) are retained by cation exchange. The other TAA+ salts 
(TPrA+Cl-, TBA+Cl-) are retained by a mixed mechanism of ion 
exchange and adsorption. 

Figure 9 compares the separation of alkylamines on the SCX 
column (9A) and the PRP-X200 column (9B). The elution orders 
are almost reversed on the two columns. On the SCX column 
the elution order was found to be: heptylamine c hexylamine c 
pentylamine < butylamine < propylamine < methylamine < 
ethylamine, while the elution order on the PRP-x200 column 
was found to be: methylamine c ethylamine < propylamine < 
butylamine c pentylamine c hexylamine < heptylamine. The 
retention of the alkylamines on the SCX column is due to cation 
exchange. The alkylamines that have shorter a&yl chains have a 
more densely packed charge and are more highly retained. On 
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Fig. 9 Separation of alkylamines on A1 Spherex SCX column 
and B) PRP-X200 column. A) Eluent- 0.01 M BTMA+Cl-, 
0.01 M Acetic acid, 60:40 CHQCN:H~O, B) 0.0008 M 
BTMA+Cl-, 35:65 CH3CN:H2O. A) Systems Peak, B) 
methylamine, C) ethylamine, D) propylamine. E) 
butylamine, F) pentylamine, G)  hexylamine, H) 
heptylamine. 
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the PW-X200 column, the alkylamines are retained by cation 
exchange (short chain length), adsorption (long chain length) or 
a combination of the two (moderate chain length). 

CONCLUSIONS 
A comparison of the retention of organic analyte ions on 

low-capacity polymer-based ion exchangers and silica-based 
strong ion exchangers showed that several differences exist. 
The differences that were found include: elution orders, 
selectivities and retention times. Analytes that are not retained 
or slightly retained on the SCX or SAX column typically had 
higher retentions on the PRP-X200 or PRP-XlOO column. This 
higher retention on the low-capacity ion exchanger can be 
attributed to the presence of adsorption sites with which the 
longer chain analytes may interact. 
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