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Passion. Power. Productivity.

The IonPac® CS16 cation-
exchange column is designed for the 
determination of disparate concentra-
tion ratios of sodium and ammonium 
(up to 10,000:1) in diverse sample 
matrices using an isocratic acid eluent 
and elevated temperature. Other impor-
tant applications include the determi-
nation of short-chained alkylamines 
and alkanolamines in the presence of 
lithium, sodium, ammonium, potassium, 
magnesium, and calcium in complex 
sample matrices. The IonPac CS16 col-
umn is recommended for most IonPac 
CS15 applications. The column selectiv-
ity is optimized for a 40 °C operating 
temperature for maximum peak effi-
ciencies. Solvent compatibility permits 
easy column clean-up after the analysis 
of complex matrices. Formats avail-
able include 0.5 mm, 3 mm, and 5 mm, 
allowing use of Capillary to analytical 
flow rates and supporting advanced  
IC × IC applications.

Superior Chromatographic 
Performance
•	 Universal column for disparate 

concentration ratios of ammonium 
and sodium in complex sample 
matrices

•	 CS16 Capillary column offers 
reduced eluent consumption and 
reduced operating costs

•	 Trace level ammonium in high con-
centrations of sodium; trace level 
sodium in high concentrations of 
ammonium or amines

•	 Determine amines, including 
alkylamines and alkanolamines in 
diverse sample matrices

•	 Designed to be used in most 
IonPac CS15 applications with a 
larger linear working range

•	 Improved low sample pH tolerance

•	 High capacity: 8400 µeq per  
column (5 × 250 mm column)

•	 Fourfold and 100-fold increase in 
mass sensitivity, respectively, with  
3 mm i.d. microbore and 0.5 mm i.d. 
capillary formats

•	 Column selectivity optimized for 
a 40 °C operating temperature for 
maximum peak efficiencies

•	 Simplified operation provided by 
the Eluent Generator, which  
requires only a deionized water 
source to produce methanesulfonic 
acid (MSA) eluent

•	 Compatible with organic solvents 
to enhance analyte solubility, to 
modify column selectivity, or for 
effective column clean-up

Anuta
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Figure 2. Isocratic separation of common inorganic cations and ammonium.

Figure 1. Structure of an IonPac CS16-5µm packing particle.

•	 Sample matrices include environ-
mental waters and soil extracts; 
power plant waters treated with 
ammonium, morpholine, or ethanol-
amine; chemical additives; chemical 
process solutions; scrubber solu-
tions; plating baths; and solvents

Unique Carboxylate Cation Exchanger
The IonPac CS16 column is a 

unique hydrophilic, high capacity car-
boxylate functionalized cation exchang-
er that provides excellent peak shape 
for alkali and alkaline earth metals and 
amines. The IonPac CS16 column pack-
ing is a 5-µm diameter macroporous 
particle consisting of ethylvinylbenzene 
crosslinked with 55% divinylbenzene as 
shown in Figure 1. The substrate is func-
tionalized with a hydrophilic carboxylic 
acid layer that permits the elution of 
mono- and divalent cations using a dilute 
hydronium ion eluent, such as MSA or 
sulfuric acid. The CS16 packing is a 
new advancement in Dionex resin tech-
nology. The use of a smaller resin par-
ticle size (5 µm) provides the advantage 
of improved peak efficiencies, while the 
new grafting technology allows higher 
capacity through the incorporation of a 
much larger number of carboxylic acid 
cation-exchange sites.

Improved Resolution
The IonPac CS16 column pro-

vides improved resolution among the 
analyte peaks due to its higher cation-
exchange capacity. It was designed 
specifically for high-to-low ratios of so-
dium and ammonium in diverse sample 
matrices. Ratios of up to 10,000:1 can 
be resolved using a simple isocratic 
acidic eluent at an elevated tempera-
ture (40 ˚C) coupled with suppressed 
conductivity detection. The common 
inorganic cations and ammonium can 
be resolved in 20 minutes using 30 mM 
MSA as shown in Figure 2. 

The MSA or sulfuric acid con-
centration can be optimized for the fast 
determination of Group I and II cations 
using 48 mM MSA, also illustrated  
in Figure 2.

Macroporous Polymeric Substrate

Surface Area = 450 m2/g
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Column:  IonPac CS16 (5 × 250 mm)
Eluent: See chromatogram
Flow Rate:  1.0 mL/min
Inj. Volume:  25 L 
Temperature:  40 °C
Detection:  Suppressed conductivity, 
 CSRS® -ULTRA  4 mm,
 AutoSuppression® recycle mode 

Peaks:  1.  Lithium  0.1 mg/L (ppm)
  2.  Sodium  0.4 
  3.  Ammonium  0.5 
  4.  Potassium  1.0 
  5.  Magnesium  0.5 
  6.  Calcium  1.0 

30 mM Methanesulfonic acid

48 mM Methanesulfonic acid

5



Figure 3. Separation of six cations on a capillary CS16 column.
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Column: IonPac CS16 (0.5 × 250 mm)
Eluent Source: Capillary EGC-MSA cartridge 
Eluent: 30 mM MSA
Flow Rate: 10 µL/min
Temperature: 40 °C
Suppressor: CCES™ 300 Cation Capillary
 Electrolytic Suppressor  
Detection: Suppressed conductivity 
Injection Volume: 0.4 µL

Peaks: 1. Lithium
 2. Sodium
 3. Ammonium
 4. Potassium
 5. Magnesium
 6. Calcium
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 CS16 Capillary Format
The CS16 Capillary column 

(0.5 × 250 mm) is packed with the same 
material as the equivalent analytical 
scale version, thus producing the same 
performance as a 5 mm column, but re-
quires only 1/100th the eluent flow rate.   
The capillary format offers the advan-
tage of less eluent consumption provid-
ing reduced operating costs. Figure 3 
illustrates the separation of the common 
inorganic cations using the CS16 Capil-
lary Column. Excellent retention time 
reproducibility can be achieved with the 
capillary format.  

High Loading Capacity for Trace Level 
Ammonium in High Sodium Samples

The IonPac CS16 is a high capac-
ity cation-exchange column that replaces 
the CS15 column for disparate concen-
tration ratios of ammonium and sodium 
in diverse sample matrices. The CS16 
is ideal for the determination of low 
concentrations of ammonium in envi-
ronmental waters. It provides improved 
resolution of sodium from ammonium 
and alkanolamines, even for samples high 
in ionic strength. Figure 4A illustrates the 
determination of trace level ammonium 
in the presence of high sodium at ratios 
up to 10,000:1 using an  isocratic MSA 
eluent on the CS16 5 mm column. Ratios 
up to 20,000:1 can be resolved using a 
MSA gradient with the CS16 3 mm col-
umn as illustrated in Figure 4B.

Figure 4. Determination of trace level ammonium in a high sodium sample.
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Column A: IonPac CS16 (5 × 250 mm)
Column B: IonPac CS16 (3 × 250 mm)
Eluent A: 30 mM Methanesulfonic acid
Eluent B: 7 mM Methanesulfonic acid 
 for 23 min to 52 mM at 28 min
Flow Rate A:  1.0 mL/min
Flow Rate B:  0.43 mL/min 
Temperature:  40 °C
Inj. Volume:  25 L 
Detection:  Suppressed conductivity, 
 CSRS-ULTRA,    
 AutoSuppression recycle mode

Peaks A:  1.  Sodium 100  mg/L (ppm)
  2.  Ammonium       0.01

Peaks B:  1.  Sodium 500
 2.  Ammonium       0.025

CTC-1 Column placed between the Cell Out 
and Regen In Ports
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Figure 5. Determination of trace level sodium in a high ammonium sample.

High Loading Capacity for Trace Level 
Sodium in High Ammonium Samples

The IonPac CS16 column is also 
ideal for the determination of trace level 
sodium at ng/L (ppt) concentrations in 
ammonium and amine-treated cooling 
waters. The high capacity and unique 
selectivity of the CS16 column allow 
the resolution of trace sodium in the 
presence of high levels of ammonium 
and alkanolamines. Figures 5 and 6 
illustrate the determination of trace con-
centrations of sodium in the presence of 
high levels of ammonium or amines.

Figure 6. Determination of trace level sodium in a high amine sample.

Column: IonPac CS16 (5 × 250 mm)
Eluent: 30 mM Methanesulfonic acid
Temperature: 40 °C
Flow Rate:  1.0 mL/min
Inj. Volume:  25 L
Detection:  Suppressed conductivity, 
 CSRS-ULTRA  4 mm, 
 AutoSuppression recycle mode 

Peaks:  1.  Sodium  0.01 mg/L (ppm)
  2.  Ammonium  100
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Column: IonPac CS16 (3 × 250 mm)
Eluent: 7 mM Methanesulfonic acid
 for 23 min to 52 mM at 28 min
Temperature: 40 °C
Flow Rate:  0.43 mL/min
Inj. Volume:  25 L 
Detection:  Suppressed conductivity, 
 CSRS-ULTRA  2 mm,
 AutoSuppression recycle mode

Peaks:  1. Lithium 2500 g/L (ppb)
  2. Sodium 6
 3. Ammonium 100
 4. Ethanolamine 2000
 5. Hydrazine 4000
 6. Potassium 4
 7. Magnesium 1
 8. Calcium 6

CTC-1 Column placed between the Cell Out 
and Regen In Ports



Figure 7. Determination of methyl amines and the Group I and II cations using the IonPac 
CS16 column. The CSRS-ULTRA was operated outside the heated column compartment.

Figure 8. Determination of alkanolamines and the Group I and II cations using the IonPac 
CS16 column. The CSRS-ULTRA was operated outside the heated column compartment.

Determination of Amines in  
Complex Matrices
The IonPac CS16 column can be used 
to monitor the amine content in the 
quality control of chemical additives, 
process solutions, plating baths, and 
scrubber solutions. The CS16 column  
is ideal for the determination of amines 
in a variety of sample matrices. Figures 
7 and 8 illustrate the separation of short-
chained hydrophilic methylamines and 
alkanolamines and Group I and II cat-
ions in a single run. For specific amine 
applications, the eluent conditions can be 
optimized to resolve the amines of inter-
est and the common inorganic cations.

Column: IonPac CS16 (3 × 250 mm)
Eluent: 20 mM Methanesulfonic acid
Eluent Source: EG40
Flow Rate:  0.5 mL/min
Inj. Volume:  25 L
Temperature: 60 °C
Detection:  Suppressed conductivity, 
 CSRS-ULTRA  2 mm,
 AutoSuppression recycle mode, 50 mA

Peaks:  1. Lithium  0.05 mg/L (ppm)
  2. Sodium  0.20
 3. Ammonium 0.42
 4. Ethanolamine 0.50
 5. Methylamine 0.50
 6. Potassium 0.50
 7. Dimethylamine 1.00
 8. 5-Amino-1-pentanol 2.00
 9. Morpholine 2.00
 10. Trimethylamine 1.50
 11. Magnesium 0.25
 12. Calcium 0.50
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Column: IonPac CS16 (3 × 250 mm)
Eluent: 6 mM Methanesulfonic acid,
 gradient from 0 to 13 min to
 8 mM Methanesulfonic acid, 
 gradient from 13 to 25 min to 
 55 mM Methanesulfonic acid
Eluent Source: EG40
Flow Rate:  0.5 mL/min
Inj. Volume:  25 L
Temperature: 60 °C 
Detection:  Suppressed conductivity, 
 CSRS-ULTRA  2 mm, 
 AutoSuppression 
 recycle mode, 100 mA 

Peaks:  1. Lithium  0.1 mg/L (ppm)
  2. Sodium 0.4
 3. Ammonium 0.5
 4. Ethanolamine 0.5
 5. Diethanolamine 1.0
 6. Potassium 1.0
 7. Triethanolamine 18.0
 8. Magnesium 0.5
 9. Calcium 1.0
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Figure 9. The IonPac CS16 packing permits the injection of acidic samples without  
pH adjustment.

Long-Term Durability
The IonPac CS16 packing ensures 

long-term column stability and trouble-
free operation. The column is compat-
ible with acidic eluents and samples. 
Performance of the high-capacity CS16 
column does not deteriorate with the 
injection of acidic samples up to ap-
proximately 100 mN hydronium ion 
as illustrated in Figure 9. Acid digests 
or preserved samples can be injected 
without pH adjustment. 

Solvent-Compatible Packing
The IonPac CS16 column is 100% 

solvent-compatible. Adding aceto-
nitrile to the eluent modifies column 
selectivity and enables the elution of 
nonpolar analytes or contaminants from 
the column. Acetonitrile can be used 
to enhance sample solubility, reduce 
retention times, and improve the peak 
shapes of hydrophobic amines. Time 
and expense can be saved by eliminat-
ing time-consuming sample prepara-
tion steps. This feature allows complex 
sample matrices to be analyzed with 
minimal sample preparation.

System Recommendations
The CS16 column in the sup-

pressed conductivity mode is recom-
mended for use with the ICS-2100 or 
ICS-5000 IC Systems equipped with an 
Eluent Generator (EG). The CS16 can 
be used with older Dionex IC Systems 
equipped with an EG or an RFC-30 
Reagent Free Controller. The Eluent 
Generator is used to automatically 
produce methanesulfonic acid gradients 
from deionized water. 
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Column: IonPac CS16 (5 × 250 mm) 
Eluent:   30 mM Methanesulfonic acid
Flow Rate:  1.0 mL/min 
Temperature:  40 °C
Inj. Volume:  25 L 
Detection:  Suppressed conductivity, 
 CSRS-ULTRA  4-mm, 
 AutoSuppression recycle mode 

Peaks:  1. Lithium  0.1 mg/L (ppm) 
 2. Sodium  0.4 
  3. Ammonium  0.5 
  4. Potassium  1.0 
 5. Magnesium  0.5 
  6. Calcium  1.0 

100 mM H
+

150 mM H
+

Suppressors
For optimum ease of use and  

performance, the CS16 column can be 
used with the CSRS 300 Anion  
Suppressor or the CCES™ 300 Cation 
Capillary Electrolytic Suppressor. 

Cation Trap Columns 
When using the Eluent Generator 

for eluent delivery, a CR-CTC Continu-
ously Regenerated Cation Trap Column 
should be installed between the Elu-
ent Generator cartridge and the Eluent 
Generator degas module. Alternatively, 
a CTC Cation Trap Column can be 
installed between the gradient pump and 
the injection valve to remove cationic 
contaminants from the eluent.

Concentrator Columns
For trace analysis work, use the 

IonPac CG16 guard column when a 
single piston pump such as the AXP 
pump is used for sample delivery.   
Use the TCC-LP1, TCC-ULP1, or the 
TCC-XLP1 Cation Concentrator Col-
umn when the sample is delivered with 
a syringe or with an autosampler.  For 
concentrator work with a 0.4 mm capil-
lary column, use the CG16 capillary 
guard column or the MCC-100 concen-
trator column.  For two-dimensional Ion 
Chromatography methods to determine 
trace ammonium and amines, use the 
MCC-200 concentrator column.
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CCES is a trademark, and AutoSuppression, IonPac, Cation Self-Regenerating Suppressor, 
and CSRS are registered trademarks of Dionex Corporation.

 PEEK is a trademark of Victrex PLC.

Specifications

Dimensions:
	 IonPac CS16 Capillary Column:  
0.5 × 250 mm 

	 IonPac CG16 Capillary Guard  
Column: 0.5 × 50 mm

	 CS16 Analytical Column: 
5 × 250 mm and 3 × 250 mm

	 CG16 Guard Column: 5 × 50 mm 
and 3 × 50 mm

Maximum Operating Pressure:
	 4000 psi (Standard and Microbore) 	
5000 psi (Capillary)

Mobile Phase Compatibility:
	 Acidic eluents, 100% HPLC acetonitrile.
	 Alcohols should be avoided.

Substrate Characteristics:
	 Bead Diameter: 5 µm 
	 Crosslinking (%DVB): 55%

Ion-Exchange Group: 
Grafted carboxylic acid

 Functional Group Characteristics:
	 Medium hydrophobic

Capacity (µeq/column):
	 84 µeq/column  (0.5 × 250 mm)
	 17 µeq/column (0.5 × 50 mm)
	 8400 µeq/column (5 × 250 mm)  
1700 µeq/column (5 × 50 mm)  
3000 µeq/column (3 × 250 mm)  
600 µeq/column (3 × 50 mm)

Column Construction:
	 PEEK™ with 10-32 threaded ferrule-
style end fittings. All components are 
non-metallic.

Ordering Information

In the U.S., call 1-800-346-6390 or contact the Dionex regional office nearest 
you. Outside the U.S., order through your local Dionex office or distributor. Refer 
to the following part numbers. 

	 Description	 Part Number

	 IonPac CS16 Columns
	 IonPac CS16 Capillary Column
	 	 (0.5 × 250 mm).........................................................................................075401
	 IonPac CG16 Capillary Guard Column
	 	 (0.5 × 50 mm)...........................................................................................075402
	 IonPac CS16 Analytical Column 
	 	 (5 × 250 mm)............................................................................................057573 
	 IonPac CG16 Guard Column 
	 	 (5 × 50 mm)..............................................................................................057574 
	 IonPac CS16 Analytical Column 
	 	 (3 × 250 mm)............................................................................................059596 
	 IonPac CG16 Guard Column 
	 	 (3 × 50 mm)..............................................................................................059595

	 Trap Columns
	 CR-CTC II Continuously Regenerated Cation Trap Column.......................066262

	 CR-CTC Continuously Regenerated Cation Trap Column (Capillary) 
	 	 (For use with Capillary Cation Columns).................................................072079

	 CTC-1 Cation Trap Column 
	 	 (9 × 24 mm) for use with the 5 mm columns...........................................040192

	 CTC Cation Trap Column 
	 	 (4 × 35 mm) for use with the 3 mm columns...........................................043132

	 Cation Concentrator Columns
	 TCC-LP1 Low Pressure Trace Cation Concentrator 
	 	 (4 × 35 mm) for use with the 3 mm and 5 mm columns..........................046027

	 TCC-ULP1 Ultra Trace Cation Concentrator-Ultra Low Pressure 
	 	 (5 × 23 mm)..............................................................................................063783

	 TCC-XLP1 Ultra Trace Cation Concentrator-Extremely Low Pressure 
 	 	 (6 × 16 mm)..............................................................................................063889

	 MCC-100 Monolith Cation Concentrator Column 
	 	 (0.5 × 80 mm)...........................................................................................075462

	 MCC-200 Monolith Cation Concentrator Column 
	 	 (0.75 × 80 mm).........................................................................................075463

Passion. Power. Productivity.
		N  orth America

		  U.S./Canada (847) 295-7500 

		  South America

		  Brazil (55) 11 3731 5140

Europe

Austria (43) 1 616 51 25  Benelux (31) 20 683 9768; (32) 3 353 4294   
Denmark (45) 36 36 90 90  France (33) 1 39 30 01 10  Germany (49) 6126 991 0   
Ireland (353) 1 644 0064  Italy (39) 02 51 62 1267  Sweden (46) 8 473 3380 
Switzerland (41) 62 205 9966  United Kingdom (44) 1276 691722

Asia Pacific

Australia (61) 2 9420 5233  China (852) 2428 3282  India (91) 22 2764 2735   
Japan (81) 6 6885 1213  Korea (82) 2 2653 2580  Singapore (65) 6289 1190 
Taiwan (886) 2 8751 6655

Dionex Corporation

1228 Titan Way 
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Sunnyvale, CA 
94088-3603 
(408) 737-0700 www.dionex.com LPN 1257-04 PDF 11/10

©2010 Dionex Corporation

pixie.hranilovich
Text Box
079805

pixie.hranilovich
Text Box
079931




