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Mass Spectrometric Conditions

Needle Voltage:	 2000 V

Vaporizer Temp.:	 350 °C

Sheath Gas:		  60 (arbitrary unit)

Auxiliary Gas:	 50 (arbitrary unit)

Ion Sweep Gas:	 2 (arbitrary unit)

Collision Gas Pressure: 	1.5 mTorr

Capillary Temp.:	 350 °C

SRM Transitions:	
NNN	 178.1 → 148.1 m/z	 11 V
	 178.1 → 120.1 m/z	 18 V
NNK	 208.1 → 122.1 m/z	 11 V
	 208.1 →   79.2 m/z	 38 V
NNK-d

4
	 212.1 → 126.1 m/z	 11 V

	 212.1 →   83.2 m/z	 38 V
NAT	 190.1 → 160.1 m/z	 10 V
	 190.1 →   79.2 m/z	   5 V
NAB	 192.1 → 162.1 m/z	 10 V
	 192.1 → 133.1 m/z	 24 V

The 1st SRM transition of each compound is used  
for quantification and the 2nd SRM transition is used  
for confirmation.

Sample Preparation
Tobacco cuts from five brands of cigarettes were 

weighed to 0.25 grams into 20 mL glass vials, and 
extracted with 10 mL of 100 mM ammonium acetate 
solution. The vials were placed on a swirl table and 
agitated for 30 min. The extracts were filtered through 
0.25 µm membrane syringe filters. A 1.0 mL aliquot of 
each extract was then spiked with 10 µL internal standard 
(IStd, NNK-d

4
) in preparation for LC-MS/MS analysis.

RESULTS AND DISCUSSION
Chromatography

As shown in Figure 1, the four TSNAs are retained 
and completely resolved within 3.5 min, with the 
minimum of the retention factors (K'

NNN
) greater than 

4 and minimum resolution (R
sNAT

) greater than 2.0. 
These demonstrated retention factors ensure analytes 
of interest are chromatographically separated from 
early eluted compounds that can suppress ionization. 
The total chromatographic resolution minimizes the 
possibility of ionization suppression and eliminates cross- 
contamination of SRM transitions between main analytes. 
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NNN: 1.15
AA:437725, 
S/N:2394

NNK: 1.55
AA:493802, 
S/N:2223

NNK-d4: 1.51
AA:13384245, 
S/N: 12322

NAT: 2.45
AA:1338249, 
S/N:1465

NAB: 2.89
AA: 3918316, 
S/N:3105

NNN - 1.26
(Rs: 2.34)

NNK - 1.65
(Rs: 4.29)

NAT - 2.56
(Rs: 2.05)

NAB - 3.02

LC Conditions
Column:  Acclaim PA2
 50 × 2.1mm, 2.2 µm
Mobile Phase: 10% CH3CN in buffer 
                (1 mM NH4OAc, adjusted to 
 pH = 8.0 with NH4OH)
Column Temp.: 60 °C
Flow Rate:  0.5 mL/min 
 (backpressure ~ 130 bar)
Inj. Volume:  10 µL 
Analyte Conc.: 10 ppb each analyte 
 200 ppb for internal standard
 5 ppm for UV detection
Detection: UV at 230 nm
 or TSQ Quantum Access 
 SRM with HESI

MS/MS Conditions
Needle Voltage: 2000 V
Vaporizer Temp.: 350 °C
Sheath Gas: 60 (arbitrary unit)
Auxiliary Gas: 50 (arbitrary unit)
Ion Sweep Gas: 2  (arbitrary unit)
Collision Gas Pre.: 1.5 mTorr
Capillary Temp: 350 °C

SRM Transitions:
 Analyte SRM Collision Energy
 NNN 178.1 � 148.1 11 V
 NNK 208.1 � 122.1 11 V
 NNK-d4 212.1 � 126.1 11 V
 NAT 190.1 � 160.1 10 V
 NAB 192.1 � 162.1 10 V

NL: 7.13E4
178.1�148.1

NL: 6.66E4
208.1�122.1

NL: 1.73E6
212.1�126.1

NL: 1.42E5
190.1�160.1

NL: 4.77E5
192.1�162.1
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Figure 1. Comparison of SRM and UV chromatograms of TSNAs on the Acclaim RSLC PA2 column.
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Mass Spectrometry
Tandem mass spectrometry provides specific and 

sensitive detection. The SRM chromatograms in  
Figure 1 show that quantification can be performed with  
a high level of confidence even at low concentration  
(10 ng/mL, 0.1 ng injected amount). The use of SRM 
detection enabled simplification of sample preparation 
and a significant reduction in total process time.

Method Performance
Internal standard quantification and calibration 

were performed using isotope labeled NNK-d
4
 (IStd). 

Calibration standards were prepared at 8 levels from  
2 ng/mL to 1000 ng/mL. Triplicate injections were 
performed to generate calibration curves, and a coefficient 
of determination (r2) greater than 0.99 was achieved for 
each analyte. 1/X weighting provided best quantification 
for low concentration samples. Excellent linearity was 
achieved for NNK with r2 = 0.9998, suggesting that the 
use of isotope-labeled analogs as internal standards could 
provide better quantification accuracy and precision. The 
calibration curve is shown in Figure 2. 

Figure 2. Calibration curve of NNK using NNK-d
4
 as internal 

standard.

Method detection limits (MDLs) were statistically 
calculated using the equation MDL = S × t

(99%, n=7)
 where 

S is the standard deviation, and t is student’s t at 99% 
confidence interval. Seven replicate injections of a 
standard solution at 2 ng/mL were performed, and used 
for MDL calculations. The MDLs for TSNAs range from  
0.22 ng/mL (NAB) to 0.38 ng/mL (NNK). 

Precision and accuracy were evaluated at  
10 ng/mL and 100 ng/mL. Seven replicate injections of 
calibration standards at both levels were performed, and 
quantification was calculated based on the calibration 
curves. The results in Table 1 show that the quantification 
of NNK was very accurate and precise (< 4 % difference, 
< 4.5% RSD) at both low (10 ng/mL) and medium levels 
(100 ng/mL). However, significant inaccuracy was 
observed for NAB and NAT at the low level, showing 
54.2% and 36.6% quantification differences respectively. 
This observation suggests better quantification accuracy 
may be achieved using an isotope labeled internal 
standard for each analyte for low-level TSNA analysis,  
for example, analyzing TSNAs in biological matrices.

Table 1. Precision and Accuracy 
10 ng/mL 100 ng/mL

Accuracy  
(%) % RSD Accuracy  

(%) % RSD

NAB 154.2 2.74 103.7 1.49

NAT 136.6 4.69 100.7 1.77

NNK 103.9 4.38 100.9 1.88

NNN 95.3 3.56 94.4 1.56
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Figure 3. Ruggedness of the Acclaim RSLC PA2 column.  

Figure 4. SRM chromatograms of TSNAs from brand A cigarette.

Method Ruggedness
Since the analytical column was running under the 

very harsh conditions of high temperature and high pH 
mobile phase, method ruggedness was evaluated by 
repeated injections of standard solutions and tobacco 
extracts. As shown in Figure 3, chromatographic retention 
and resolution were well-maintained after more than 
1000 injections. The column was cleaned with 50/50 
CH

3
CN/H

2
O before injection 250 and a new inlet frit 

was installed before injection 1003. (The use of an in-line 
filter is highly recommended to prevent column clogging.) 

Determination of TSNAs in Tobacco Cigarettes
Five brands of tobacco cigarettes were purchased 

from a local convenience store. Tobacco cuts from each 
brand of cigarettes were prepared (n = 3) following 
the procedure described previously. The results are 
shown in Table 2. The TSNA contents are significantly 
different between brands A and B and brands C, D, and 
E. The differences in TSNA content could be related to 
differences in the tobacco blended in each brand, such 
as type, origin, age of the tobacco, curing method, and 
storage conditions. The comparison of brands A and B 
(regular and light varieties of a premium US brand of 
cigarettes) shows no difference for TSNA contents except 
for a change in the amount of NAB. See Figure 4 for 
SRM chromatograms of TSNAs from brand A cigarette.
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Table 2. TSNAs in Tobacco Cigarettes*
NAB NAT NNK NNN Note

Brand A 5.3 1145.1 676.5 2221.1 US brand, regular

Brand B 42.1 1218.1 696.0 2472.5 US brand, lights

Brand C 40.1 160.8 225.2 213.0 US brand, all natural

Brand D 21.2 103.9 70.2 155.4 International brand

Brand E 32.7 78.2 87.8 114.3 Asian brand

*Amounts shown in Table 2 are ng/g tobacco cuts.

CONCLUSION
A rugged and ultrafast method for TSNA analysis  

was developed using HPLC-MS/MS on an 
Acclaim RSLC PA2 column. Four TSNAs were 
chromatographically retained and resolved within  
3.5 min. Tandem mass spectrometry ensured selectivity 
and sensitivity. The use of isotope-labeled intenal 
standards for each analyte may improve the quantification 
accuracy, as was observed for NNK in this study. The 
ruggedness of the method was shown by more than 
1000 injections of standards and tobacco extracts. The 
applicability of the method for the determination of 
TSNAs in tobacco cuts from five brands of cigarettes 
was demonstrated.
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Application Note 270

Determination of Hydroxymethylfurfural  
in Honey and Biomass

INTRODUCTION 
Hydroxymethylfurfural (HMF), or 5-hydroxymethyl-

2-furaldehyde, is a water-soluble heterocyclic organic 
compound derived from sugars. It is a derivative of furan 
and has both aldehyde and alcohol functional groups 
(Figure 1). Very low amounts of this compound are 
naturally found in fresh sugar-containing foods including 
milk, honey, fruit juices, spirits, and bread. Additionally, 
HMF is produced during food pasteurization and cooking 
as a result of dehydration of sugars such as glucose and 
fructose1 and in the initial stages of the Maillard reaction,2 
a reaction between sugars and proteins responsible for 
changes in color and flavor of food. HMF is also formed 
during extended food storage under acidic conditions 
that favor its generation. Therefore, it is an indicator 
of excessive heat-treatment, spoilage, and of possible 
adulteration with other sugars or syrups. 

Although HMF is not yet considered a harmful 
substance, the National Institute of Environmental Health 
Sciences nominated HMF for toxicity testing3 based on 
the potential for widespread exposure through consumed 
foods, and evidence for carcinogenic potential of other 
members of this class. As a result, many countries  
impose restrictions on maximum levels of HMF in food 
and beverages.4 

Beyond being an indicator of food quality, HMF is 
a biomass platform chemical because it can be used to 
synthesize a number of compounds that are currently 
derived from crude oil, including solvents, fuels, and 
monomers for polymer production (Figure 1).5,6 HMF  
is readily derived from cellulose, either directly or  
through a two-step process involving hydrolysis and the  
formation of simple sugars.7 Thus, it is important to 
measure HMF in matrices ranging from foods to treated  
cellulosic biomass. 

Figure 1. HMF as precursor for a number of commercial chemicals.
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EQUIPMENT
Dionex ICS-3000 or ICS-5000 system including:

	 Gradient or Isocratic Pump, with the vacuum degas 
option installed

	 EG Vacuum Degas Conversion Kit  
(Dionex P/N 063353)

	 DC Detector/Chromatography Module 

	 10 μL Injection loop

	 Electrochemical Detector (P/N 079830)

	 Carbohydrate PTFE Disposable Au Working 
Electrodes (P/N 066480, package of 6)

	 Ag/AgCl Reference Electrode (P/N 061879)

	 3 mil PTFE gaskets (P/N 63537)

AS Autosampler

Chromeleon® Chromatography Data System (CDS) 
software

Eluent Organizer, including 2 L plastic bottles and 
pressure regulator

Polypropylene injection vials with caps (0.3 mL vial kit, 
P/N 055428)

Nalgene® 125 mL HDPE narrow mouth bottles  
(VWR P/N 16057-062)

Nalgene 250 mL HDPE narrow mouth bottles  
(VWR P/N 16057-109)

Nalgene 250 mL 0.2 µm nylon filter units  
(VWR P/N 28199-371)

Nalgene 1000 mL 0.2 µm nylon filter units  
(VWR P/N 28198-514)

REAGENTS AND STANDARDS

Reagents
Deionized (DI) water, Type I reagent grade, 18 MΩ-cm 

resistivity or better, filtered through a 0.2 μm filter 
immediately before use

Standards
HMF (Sigma Aldrich Cat # W501808)

Fructose (Baker Analyzed Cat # M556-05)

Xylose (Aldrich Chemical Company Cat # X-107-5)

Sucrose (Sigma Cat # S-9378)

Glucose (Sigma Cat # G-5250)

Glycerol (JT Baker Cat # M778-07)

Arabinose (Sigma Cat # A3131)

There are spectrophotometric and HPLC methods 
available for HMF determination. One commonly used 
method is based on spectral absorbance at 284 nm.8, 9 This 
direct-absorbance measurement could have interferences 
from other compounds present in the complex matrices. In 
the HPLC method, HMF is separated on a reversed-phase 
column, with water and methanol as the mobile phase, 
and then detected by UV absorbance.10

This work describes a high-performance anion-
exchange chromatography with pulsed amperometric 
detection (HPAE-PAD)-based method for the 
determination of HMF in samples ranging from food 
(honey and pancake syrup) to treated biomass (corn 
stover and wood hydrolysate). A Dionex ICS-3000 
system with a CarboPac® PA1 column, electrolytically 
generated hydroxide eluent, and electrochemical detection 
with disposable Au-on-polytetrafluoroethylene (PTFE) 
working electrodes are used. The CarboPac PA1 is a high-
capacity, rugged column suitable for determining mono- 
and disaccharides, and has high resolution for HMF in a 
wide variety of matrices. 

The testing here demonstrates the linearity, limit of 
quantitation, limit of detection, precision, and recovery 
of HMF in diverse matrices ranging from honey to corn 
stover. It shows that PAD is an appropriate detection 
technique for HMF, with a broad linear range and low 
detection limit. Disposable electrodes provide short 
equilibration time and greater electrode-to-electrode 
reproducibility, compared to conventional electrodes. 
Compared to other disposable Au electrodes, the Au-on-
PTFE electrodes have longer lifetime and can operate at 
higher hydroxide concentrations. The described method 
provides good sensitivity, consistent response, and can 
be routinely used for HMF analysis in foods and biomass 
applications, demonstrating the capability of HPAE-PAD 
for HMF determination in varied matrices. 
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CONDITIONS 

Method

Columns:	 CarboPac PA1 Analytical,  
	 4 × 250 mm (P/N 035391)

	 CarboPac PA1 Guard, 4 × 50 mm  
	 (P/N 43096)

Flow Rate:	 1.0 mL/min

Inj. Volume:	 10 μL (full loop)

Temperature: 	 30 ºC

Back Pressure:	 2400 psi

Eluent:	 50 mM KOH

Eluent Source:	 EGC II KOH with CR-ATC

Detection:	 PAD	 

Background: 	 30–70 nC

Working Electrode:	 Carbohydrate PTFE  
	 Disposable Au Working Electrodes

Reference Electrode:

Mode: 	 Ag/AgCl mode
Noise: 	 30 pC

Carbohydrate Waveform
Time (s) 	 Potential (V) 	 Integration
0.00 		 +0.1
0.20 		 +0.1 		  Begin
0.40 		 +0.1		  End
0.41 		 -2.0
0.42 		 -2.0
0.43 		 +0.6
0.44 		 -0.1
0.50 		 -0.1

Reference electrode in Ag/AgCl mode

PREPARATION OF SOLUTIONS AND REAGENTS

Eluent Solutions
Potassium Hydroxide (50 mM)

Generate the potassium hydroxide (KOH) eluent 
online by pumping high-quality degassed, deionized (DI) 
water through the EGC II KOH cartridge. Chromeleon 
software tracks the amount of KOH used and calculates 
the remaining lifetime. Although electrolytic eluent 
generation delivers the best performance, manually 
prepared eluents can be used, if needed. For manually 
prepared eluent, use NaOH rather than KOH and prepare 
according to the general instructions for hydroxide eluents 

in Dionex Technical Note 71.11 This method requires 
the installation of the ICS-3000 EG Vacuum Degas 
Conversion Kit (P/N 063353) to allow sufficient  
removal of the hydrogen gas formed with the potassium 
hydroxide eluent.12

	  
Stock Standard Solution

Prepare a stock solution of 2 mg/mL HMF by 
dissolving 10 mg in 5 mL DI water in a plastic volumetric 
flask. Store aliquots of stock solutions in plastic containers 
at 4 °C. Stock standards are stable for at least one month. 

Working Standard Solutions
Prepare working standards at lower HMF 

concentrations by diluting appropriate volumes of the 
2 mg/mL stock with deionized water. Prepare working 
standards daily. Store the standard solutions at <6 ºC 
when not in use. 

SAMPLE PREPARATION

Honey and Syrup
Prepare honey and syrup samples by dissolving 1 g 

in 100 mL of DI water and sonicating for 10 min. Store 
solutions in plastic containers at < 6 ºC. Further dilute 
syrup samples twofold with DI water before injection. 

Fructose
Prepare a stock solution by dissolving 100 mg  

in 100 μL DI water. Dilute 500-fold with DI water  
before injection. 

Corn Stover and Wood Hydrolysate
Centrifuge corn stover and wood hydrolysate samples 

at 14,000 rpm for 10 min and inject with DI water at a 
dilution of 1/1000 for analysis. 

Precautions
Carryover can occur because the honey, syrup, and 

treated biomass samples have high concentrations of 
sugars such as glucose, xylose, and sucrose. A syringe 
flush of 1000 μL is recommended between samples. 
Column washes at 100 mM KOH are recommended if 
gradual retention time loss is observed. The application 
of 100 mM KOH changes the system equilibrium; 
re-equilibration at 50 mM for ~2 h is recommended to 
achieve high precision.13
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RESULTS AND DISCUSSION
Figure 2 shows HMF in a thermally stressed honey 

sample. HMF elutes at 4.8 min and can be detected 
without interference from the other sugars. The HMF 
content in this sample was determined to be 330 mg/kg of 
honey. Typically, fresh honey has a low amount of HMF 
(<15 mg/kg). The HMF concentration increases as honey 
undergoes heat treatment to reduce viscosity and prevent 
crystallization to facilitate filling.14 The EU Directive 
(110/2001) and the Codex Alimentarius (ALINORM 
01/2000) standards limit HMF to 40 mg/kg for honey 
produced under European conditions and 80 mg/kg for 
honey coming from tropical countries.4 In the fresh honey 
sample, HMF was determined to be 0.17 μg/mL (which 
amounts to 17 mg HMF/kg of honey, Table 1). 

Figure 2. HMF in thermally stressed honey.

0 4 8 12
Minutes

60

102

2

1 3 4

16 20

Column: CarboPac PA1, Analytical (4 × 250 mm)
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Inj. Volume: 10 µL (full loop)
Detection:  PAD (Au)
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1. Glycerol –
2. HMF 0.42
3. Glucose, Fructose –
4. Sucrose –

Figure 3. HMF in pancake syrup (high-fructose corn syrup).

The chromatogram of thermally stressed pancake 
syrup (Figure 3) shows the separation of HMF from 
other thermal degradation products. HMF is a product of 
thermal degradation of fructose, the main constituent of 
pancake syrup. HMF in high-fructose corn syrup (HFCS) 
is also a problem for beekeepers because they use HFCS 
as a source of sugar to feed bees when natural nectar 
sources are limited. Note that complex matrices like 
pancake syrup may have later-eluting peaks (e.g., pancake 
syrup has a peak at ~55 min, not shown), and the long 
retention time could interfere with subsequent injections if 
a shorter run time is used. 

Table 1. Intraday and Between-Day Precisions for Honey and Corn Stover Samples
Sample Amount (μg/mL) RT Precision (RSD) Peak Area Precision (RSD)

Intraday Between-Day Intraday Between-Day

Fresh honey 0.17 NC

Thermally stressed honey 3.4 0.09 0.06 1.19 1.17

Corn stover 4.0 0.11 0.67 0.33 3.13

 
NC: Not Collected
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Peaks: µg/mL
1. Glycerol   –
2. HMF 3.4
3. Glucose –
4. Xylose –
5. Fructose –
6. Sucrose –
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The described HPAE-PAD method was applied 
for HMF detection in fructose. The United States 
Pharmacopeia (USP)15 and Food Chemicals Codex (FCC) 
have monographs16 for the analysis of HMF in fructose 
and fructose injections. The USP monograph is based on  
the Seliwanoff test which depends on the reaction of HMF 
with resorcinol to form a red-colored compound, and the 
FCC monograph is a spectrophotometric method based on 
UV absorbance of HMF at 283 nm. HMF is present as an 
organic impurity in fructose and must be quantified and 
meet USP requirements before use as a food substance or 
as infusion fluids. HMF is formed during sterilization and 
storage. The chromatogram of thermally stressed fructose 
solution (Figure 4) shows the separation of HMF from 
other thermal degradation products. HMF is also formed 
in aqueous dextrose solutions and a HPAE-PAD-based 
method has been reported for quantification of HMF in 
commercial dextrose solutions.17 Note that the thermally 
stressed honey, syrup, and fructose solutions were 
prepared by heating samples at 100±10 ºC for 4 h and 
cooling to room temperature before dilution and injection. 

Figures 5 and 6 show the chromatograms of acid-
hydrolyzed corn stover and a wood acid hydrolysate. 
HMF was detected without interference from the other 
sugars in both samples.  
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Columns: CarboPac PA1, Analytical (4 × 250 mm)
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Eluent: 50 mM KOH 
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Flow Rate:  1.0 mL/min
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Detection:  PAD (Au)
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Figure 4. HMF in a thermally stressed fructose solution. Figure 5. HMF in acid-hydrolyzed corn stover.

Figure 6. HMF in wood hydrolysate.
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Temperature: 30 °C 
Inj. Volume: 10 µL (full loop)
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Traces: A. Treated corn stover
 B. HMF standard

28050

Peaks: µg/mL
1. Glycerol –
2. Fucose –
3. HMF 4.5
4. Arabinose –
5. Glucose –
6. Xylose –
7. Fructose –

The total run time for these samples was 15 min, 
providing high sample throughput, suggesting that this 
method can be used for online monitoring of HMF during 
biomass processing. 
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Linear Range, Limit of Quantitation, Limit of Detection  
To determine the linearity of the method, calibration 

standards were injected in triplicate covering the expected 
concentration range of HMF in food and biomass 
samples. Calibration plots produced correlation  
coefficient (r2) values of 0.9998 in the range 0.1 to  
50 μg/mL for food applications and 0.9965 in the range 
0.5 to 1000 μg/mL for biomass applications (Table 2).  
A least squares regression fit with weighting was  
used to accurately represent the lower values of the  
calibration curve. 

The limit of detection (LOD) was determined by 
measuring the peak-to-peak noise in a representative 
one-minute segment of baseline where no peaks elute, 
followed by analyzing a standard at a concentration 
expected to provide a chromatogram with a signal-
to-noise (S/N) ratio of 3. Similarly, the lower limit 
of quantitation (LOQ) was determined by injecting a 
standard at a concentration that resulted in a S/N ratio  
of 10. Typical baseline noise for this method was 20 to  
40 pC. The LOD and LOQ for this method were  
0.04 μg/mL and 0.10 μg/mL, respectively. 

Precision
The peak area and retention time (RT) precisions 

were determined for seven replicate injections of an HMF  
standard. The concentrations used for precision injections 
were 0.5 μg/mL for food applications and 5.0 μg/mL for 
biomass applications (Table 2).  

The retention time precisions (RSD) for the two 
concentrations were 0.12 and 0.10, respectively. The 
corresponding peak area precisions were 0.5 and 0.14. 
The high retention time precisions were attributed to 
consistent generation of high-purity KOH using the  
eluent generator. 

Intraday and between-day precisions for HMF 
in honey and corn stover were evaluated over three 
consecutive days. The RT precisions were in the range  
of 0.06 to 0.67%, and peak area precisions were in the 
range of 0.33 to 3.13%. The high precisions suggest  
that this method can be used to measure HMF  
in complex matrices.

Accuracy
The accuracy of the method was verified by 

determining recoveries of HMF in spiked honey and  
acid-hydrolyzed corn stover samples over three 
consecutive days. The amount of HMF in a fresh honey 
sample was 0.17 μg/mL (Table 1: this equates to 17 mg  
of HMF per kg of honey). The thermally stressed honey 
had 3.4 μg/mL HMF (Figure 2), and was spiked with  
2.9 μg/mL HMF. The treated corn stover sample (at  
1000-fold dilution) had 4 μg/mL HMF and was spiked 
with 5.3 μg/mL HMF. Recoveries were calculated 
from the difference in response between the spiked and 
unspiked samples. Intraday concentration RSD was  
1.7% for both honey and corn stover. The average 
recovery of HMF in honey was 103% and in corn stover 
was 112% (Table 3). 

Table 2. Linear Range and Precisions for HMF Standards
Analyte Sample  

(Range μg/mL)
Corr. Coeff.  

(r2)
RT  

(min)
Concentration Used for 

Precision Injections  
(μg/mL)

RT Precision  
(RSD)

Peak Area  
(nC*min)

Peak Area 
Precision  

(RSD)

HMF
Honey (0.1–50) 0.9998 4.85 0.5 0.12 0.55 0.50

Corn Stover (0.5–1000) 0.9965 4.85 5.0 0.10 4.91 0.14

Table 3. Recoveries of HMF in Spiked Honey and Corn Stover Samples
Analyte Sample Amount Found  

(μg/mL)
Amount Added  

(μg/mL)
Average Recovery  

([%]n = 3 days)

HMF
Thermally stressed honey 6.4 2.9 103

Corn stover 10.0 5.3 113
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CONCLUSION
This study describes a HPAE-PAD method for the 

accurate determination of HMF in foods like honey and 
in biomass like acid-hydrolyzed corn stover. The method 
uses the CarboPac PA1 column with electrolytically 
generated hydroxide eluent. The method is shown to have 
a broad linear range, high precisions, and low detection 
limits. The disposable Au working electrode provides 
consistently high detector response, assuring greater 
instrument-to-instrument and lab-to-lab reproducibility. 
This configuration needs only addition of deionized water 
for continuous operation. In summary, the described 
HPAE-PAD-based HMF analysis method is accurate and 
reliable, and should be applicable to online monitoring of 
HMF levels in food and biomass applications.

SUPPLIERS

VWR, 1310 Goshen Parkway, West Chester, PA 19380, 
U.S.A., Tel: 800-932-5000.

Sigma-Aldrich Chemical Co., P.O. Box 2060,  
Milwaukee, WI 53201, U.S.A., Tel: 800-558-9160. 
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Silica Columns Reversed-Phase (RP) Mixed-Mode HILIC Application-Specific

Example Applications
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Neutral Molecules 

High hydrophobicity √ √ √ √ √ √ √ √ √ √ √ Fat-soluble vitamins, PAHs, glycerides

Intermediate hydrophobicity √ √ √ √ √ √ √ √ √ √ Steroids, phthalates, phenolics

Low hydrophobicity √ √ √ √ √ Acetaminophen, urea, polyethylene glycols

Anionic 
Molecules

High hydrophobicity √ √ √ √ √ √ √ √ √ √ NSAIDs, phospholipids

Intermediate hydrophobicity √ √ √ √ √ √ √ √ √ Asprin, alkyl acids, aromatic acids

Low hydrophobicity √ √ √ √ √ Small organic acids, e.g. acetic acids

Cationic 
Molecules

High hydrophobicity √ √ √ √ √ √ √ √ √ Antidepressants

Intermediate hydrophobicity √ √ √ √ √ √ √ √ √ Beta blockers, benzidines, alkaloids

Low hydrophobicity √ √ √ √ √ √ Antacids, pseudoephedrine, amino sugars

Amphoteric/ 
Zwitterionic 
Molecules

High hydrophobicity √ √ √ √ √ √ √ √ √ √ Phospholipids

Intermediate hydrophobicity √ √ √ √ √ √ √ Amphoteric surfactants, peptides

Low hydrophobicity √ √ √ √ √ √ √ Amino acids, aspartame, small peptides

Mixtures of 
Neutral, Anionic,  

Cationic 
Molecules

Neutrals and acids √ √ √ √ √ Artificial sweeteners

Neutrals and bases √ √ √ √ √ Cough syrup

Acids and bases √ √ Drug active ingredient with counterion

Neutrals, acids, and bases √ √ Combination pain relievers

Sp
ec

ifi
c 
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pl

ic
at

io
ns

Surfactants

Anionic √ √ √ √ √ √ SDS, LAS, laureth sulfates

Cationic √ Quats, benzylalkonium in medicines

Nonionic √ √ √ √ √ √ √ Triton X-100 in washing tank

Amphoteric √ √ √ √ √ √ Cocoamidopropyl betaine

Hydrotropes √ Xylenesulfonates in handsoap

Surfactant blends √ Noionic and anionic surfactants

Organic Acids
Hydrophobic √ √ √ Aromatic acids, fatty acids

Hydrophilic √ √ √ Organic acids in soft drinks, pharmaceuticals

Environmental 
Contaminants

Explosives √ √ U.S. EPA Method 8330, 8330B

Carbonyl compounds √ U.S. EPA 1667, 555, OT-11; CA CARB 1004

Phenols √ √ Compounds regulated by U.S. EPA 604

Chlorinated/Phenoxy acids √ U.S. EPA Method 555

Triazines √ √ Compounds regulated by U.S. EPA 619

Nitrosamines √ Compounds regulated by U.S. EPA 8270

Benzidines √ √ U.S. EPA Method 605

Perfluorinated acids √ Dionex TN73

Microcystins √ ISO 20179

Isocyanates √ √ U.S. OSHA Methods 42, 47

Carbamate insecticides √ U.S. EPA Method 531.2

Vitamins
Water-soluble vitamins √ √ √ Vitamins in dietary supplements

Fat-soluble vitamins √ √ √ √ √ √ √ Vitamin pills

Pharmacutical 
Counterions

Anions √ √ Inorgaic anions and organic acids in drugs

Cations √ √ Inorgaic cations and organic bases in drugs

Mixture of Anions and Cations √ Screening of pharmaceutical counterions

API and counterions √ Naproxen Na+ salt, metformin Cl-salt, etc.
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Polymer 
Columns
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Inorganic Anions √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Oxyhalides √ √ √ √ √

Bromate √ √ √ √

Perchlorate √ √ √

Organic Acids √ √ √ √ √

Phosphoric/Citric Acids √

Poly/High-Valence Anions √ √ √ √ √ √

Hydrophobic Anions √ √ √ √

Hydrophobic/Halogenated Anions √ √ √ √

Anionic Neutral Molecules √ √ √ √ √

CA
TI

ON
S

Inorganic Cations √ √ √ √ √ √ √ √

Sodium/Ammonium √ √ √

Amines/Polyvalent Amines √ √

Aliphatic/Aromatic Amines √ √ √

Alkanol/Ethhanolamines √ √ √

Biogenic Amines √ √

Transition/Lanthanide Metals √

Hydrophobic Cations √ √ √ √

Cationic Neutral Molecules √

BI
O-

M
OL

EC
UL

ES

Amino Acids √ √

Phosphorylated Amino Acids √

Amino Sugars √ √ √ √ √

Oligosccharides √ √ √ √

Mono-/Di-Saccharides √ √ √ √

Glycoproteins √ √ √ √

Alditols/Aldoses mono/di Saccharides √ √ √ √

ds Nucleic Acids √ √

Single-Stranded Oligonucleotides √ √ √

Peptides √ √ √ √

Proteins √ √ √ √ √ √

Metal-binding Proteins √

Monoclonal antibodies √ √ √ √ √ √ √ √ √ √ √

OR
GA

N
IC
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OL
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UL

ES

Aliphatic Organic Acids √ √ √

Alcohols √ √

Borate √

Large Molecules, Anions √

Small Molecules

Small Molecules/LC-MS

Polar/Non-Polar Small Molecules

Hydrophobic/Aliphatic Organic Acids

Surfactant Formulations √

Explosives/EPA 8330

M
OD

E

Anion Exchange / Carbonate √ √ √ √ √ √ √

Anion Exchange / Hydroxide √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Cation Exchange √ √ √ √ √ √ √ √ √ √ √ √

Multi-Mode √ √ √ √

Affinity √

Ion Exclusion √ √ √

Reversed Phase √ √ √ √

Anion Exchange/Other √ √ √ √ √ √ √
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IonPac 
AS12A

2 × 200 mm
4 × 200 mm

Carbonate Moderate capacity for analysis of 
inorganic anions and oxyhalides. 
Trace chloride and sulfate in high 
carbonate matrices.

9 µm 55% 140 
nm

0.20% 13 µeq  
52 µeq 

Alkyl quaternary 
ammonium

Medium

IonPac 
AS11-HC

2 × 250 mm
4 × 250 mm

Hydroxide High capacity for the determination 
of organic acids and inorganic anions 
in uncharacterized samples.

9 µm 55% 70 
nm

6% 72.5 µeq  
290 µeq 

Alkanol 
quaternary 
ammonium

Medium-
Low

IonPac 
AS11

2 × 250 mm
4 × 250 mm

Hydroxide Low capacity for fast profiling of 
organic acids and inorganic anions in 
well-characterized samples.

13 µm 55% 85 
nm

6% 11 µeq  
45 µeq 

Alkanol 
quaternary 
ammonium

Very Low

IonPac 
AS10

2 × 250 mm
4 × 250 mm

Hydroxide High capacity for the analysis of 
inorganic anions and organic acids in 
high nitrate samples.

8.5 µm 55% 65 
nm

5% 42.5 µeq  
170 µeq 

Alkyl quaternary 
ammonium

Low

IonPac 
AS9-HC

2 × 250 mm
4 × 250 mm

Carbonate High-capacity column for inorganic 
anions and oxyhalides. Trace 
bromate in drinking water.

9 µm 55% 90 
nm

18% 48 µeq  
190 µeq 

Alkyl quaternary 
ammonium

Medium-
Low

IonPac 
AS9-SC

4 × 250 mm Carbonate Low capacity for fast analysis of 
inorganic anions and oxyhalides. 
Specified column in US EPA Method 
300.0 (B).

13 µm 55% 110 
nm

20% 30-35 µeq Alkyl quaternary 
ammonium

Medium-
Low

IonPac 
AS4A-SC

2 × 250 mm
4 × 250 mm

Carbonate Low capacity for fast analysis of 
common inorganic anions. Specified 
column in U.S. EPA Method 300.0 
(A).

13 µm 55% 160 
nm

0.50% 5 µeq 
20 µeq 

Alkanol 
quaternary 
ammonium

Medium-
Low

IonPac 
Fast 
Anion 
IIIA

3 × 250 mm Hydroxide Recommended column for 
phosphoric and citric acids in cola 
soft drinks.

7.5 µm 55% - - 55 µeq Alkanol 
quaternary 
ammonium

Ultralow

IonPac 
AS7

4 × 250 mm Specialty 
Eluents

Polyvalent anions including chelating 
agents, polyphosphates and 
polyphosphonates. Cyanide, sulfide, 
hexavalent chromium, and arsenic 
speciation.

10 µm 2% 530 
nm

5% 100 µeq Alkyl quaternary 
ammonium

Medium-
High

IonPac 
AS5A

4 × 150 mm Hydroxide Low capacity for fast profiling of 
organic acids and inorganic anions in 
well-characterized samples.

5 µm 2% 60 
nm

4% 35 µeq Alkanol 
quaternary 
ammonium

Low

IonPac 
AS5

4 × 250 mm Hydroxide Metal-EDTA complexes, metal-
cyanide complexes, and oxyanions.

15 µm 2% 120 
nm

1% 20 µeq Alkanol 
quaternary 
ammonium

Low

Column Specifications

IC Anion Columns

Column Format
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IonPac 
AS24

2 × 250 mm Hydroxide Recommended column for haloacetic 
acids prior to MS or MS/MS 
detection

7 µm 55% - - 140 µeq Alkanol 
quaternary 
ammonium

Ultralow

IonPac 
AS23

2 × 250 mm
4 × 250 mm

Carbonate Recommended column for inorganic 
anions and oxyhalides. Trace 
bromate in drinking water.

6 µm 55% - - 80 µeq 
320 µeq 

Alkyl quaternary 
ammonium

Ultralow

IonPac 
AS22

2 × 250 mm
4 × 250 mm

Carbonate Recommended column for fast 
analysis of common inorganic 
anions.

6.5 µm 55% - - 52.5 µeq 
210 µeq 

Alkyl quaternary 
ammonium

Ultralow

IonPac 
AS21

2 × 250 mm Hydroxide Recommended column for trace 
perchlorate prior to MS or MS/MS 
detection

7.0 µm 55% - -  45 µeq Alkanol 
quaternary 
ammonium

Ultralow

IonPac 
AS20

2 × 250 mm
4 × 250 mm

Hydroxide Recommended column for trace 
perchlorate prior to suppressed 
conductivity detection.

7.5 µm 55% - - 77.5 µeq
 310 µeq 

Alkanol 
quaternary 
ammonium

Ultralow

IonPac 
AS19

2 × 250 mm
4 × 250 mm

Hydroxide Recommended column for inorganic 
anions and oxyhalides. Trace 
bromate in drinking water.

7.5 µm 55% - -  60 µeq
 350 µeq 

Alkanol 
quaternary 
ammonium

Low

IonPac 
AS18

2 × 250 mm
4 × 250 mm

Hydroxide Recommended column for the 
analysis of common inorganic 
anions.

7.5 µm 55% 65 
nm

8% 75 µeq
285 µeq 

Alkanol 
quaternary 
ammonium

Low

IonPac 
AS17-C

2 × 250 mm
4 × 250 mm

Hydroxide Trace anions in HPW matrices. 
Carboxylated resin, no sulfate blank. 
Low capacity for fast analysis of 
common inorganic anions using 
gradient elution with the Eluent 
Generator.

10.5 
µm

55% 75 
nm

6% 7.5 µeq 
30 µeq 

Alkanol 
quaternary 
ammonium

Low

IonPac 
AS16

2 × 250 mm
4 × 250 mm

Hydroxide High capacity for hydrophobic 
anions including iodide, 
thiocyanate, thiosulfate, and 
perchlorate. Polyvalent anions 
including: polyphosphates and 
polycarboxylates

9 µm 55% 80 
nm

1% 42.5 µeq  
170 µeq 

Alkanol 
quaternary 
ammonium

Ultralow

IonPac 
AS15

2 × 250 mm
4 × 250 mm

Hydroxide High capacity for trace analysis of 
inorganic anions and low molecular 
weight organic acids in high purity 
water matrices.

9 µm 55% - - 56.25 µeq 
225 µeq 

Alkanol 
quaternary 
ammonium

Medium-
High

IonPac 
AS15- 
5mm

3 × 150 mm Hydroxide Fast run, high capacity for trace 
analysis of inorganic anions and low 
molecular weight organic acids in 
high purity water matrices.

 5 µm 55% - - 70 µeq Alkanol 
quaternary 
ammonium

Medium-
High

IonPac 
AS14A- 5 
µm

3 × 150 mm Carbonate Recommended column for fast 
analysis of common inorganic 
anions.

 5 µm 55% - - 40 ueq Alkyl quaternary 
ammonium

Medium

IonPac 
AS14A

4 × 250 mm Carbonate For analysis of common inorganic 
anions.

7 µm 55% - - 120 µeq Alkyl quaternary 
ammonium

Medium

IonPac 
AS14

2 × 250 mm
4 × 250 mm

Carbonate Moderate capacity for fast analysis 
of common inorganic anions.

9 µm 55% - - 16 µeq 
65 µeq 

Alkyl quaternary 
ammonium

Medium-
High
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Ion-Exclusion Columns

Column Format Primary Eluent Application
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IonPac 
ICE-AS1

4 × 250 mm  
9 × 250 mm 

Heptafluorobutyric 
acid

Organic acids in high 
ionic strength matrices. 
Fast separation of 
organic acids. 

7.5 µm 8% - - 5.3 µeq 
27 µeq 

Sulfonic acid Ultra Low

IonPac 
ICE-AS6

9 × 250 mm Heptafluorobutyric 
acid

Organic acids in 
complex or high ionic 
strength matrices. 

8 µm 8% - - 27 µeq Sulfonic and 
carboxylic 
acid

Moderate

IonPac 
ICE-
Borate

9 × 250 mm MSA/ Mannitol Trace concentrations of 
borate

7.5 µm 8% - - 27 µeq Sulfonic acid Ultra Low

Acclaim General and Specialty Columns

Column
Bonded 

Phase

USP 

Type
Endcapped Substrate
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Mixed-Mode WAX Proprietary 
alkyl amine

na Proprietary

Ultrapure 
silica Spherical

5 µm

<10 ppm

120 Å 300 na

Mixed-Mode HILIC Proprietary 
alkyl diol

na Proprietary 5 µm 120 Å 300 na

Mixed-Mode WCX Proprietary 
alkyl carboxyl

na Proprietary 5 µm 120 Å 300 na

Organic Acid (OA) Proprietary na Yes 5 µm 120 Å 300 17%

Surfactant and 
Explosives E1/2

Proprietary na Yes 5 µm 120 Å 300 na

120 C18 C18 L1 Yes 2, 3 and 5 
µm

120 Å 300 18%

120 C8 C8 L7 Yes 3 and 5 µm 120 Å 300 11%

300 C18 C18 L1 Yes 3 µm 300 Å 100 7%

Polar Advantage Sulfamido C16 na Yes 3 and 5 µm 120 Å 300 17%

Polar Advantage II Amide C18 na Yes 2, 3 and 5 
µm

120 Å 300 17%

HILIC Proprietary 
hydrophilic

Yes 3 µm 120 Å 300

Phenyl-1 Proprietary 
alkyl phenyl

Yes 3 µm 120 Å 300

Carbamate Proprietary 
alkyl group

Yes 3 and 5 µm 120 Å 300

Trinity Yes 120 Å 300

IC Cation Columns

Column Format
Primary 

Eluent 
Application
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IonPac 
CS18

2 × 250 mm  MSA Recommended column for polar 
amines (alkanolamines and 
methylamines) and moderately 
hydrophobic and polyvalent 
amines (biogenic and diamines). 
Nonsuppressed mode when 
extended calibration linearity for 
ammonium and weak bases is 
required

6 µm 55% - - 0.29 µeq Carboxylic 
acid

Medium

IonPac 
CS17

2 × 250 mm
4 × 250 mm

MSA Recommended column for 
hydrophobic and polyvalent amines 
(biogenic amines and diamines)

7 µm 55% - - 0.363 µeq 
1.45 µeq 

Carboxylic 
acid

Very Low

IonPac 
CS16

3 × 250 mm
5 × 250 mm

MSA Recommended column for disparate 
concentration ratios of adjacent-
eluting cations such as sodium 
and ammonium. Can be used for 
alkylamines and alkanolamines.

5 µm 55% - - 3.0 µeq  
8.4 µeq 

Carboxylic 
acid

Medium

IonPac 
CS15

2 × 250 mm
4 × 250 mm

MSA Disparate concentration ratios 
of ammonium and sodium. Trace 
ethanolamine in high-ammonium 
or high- potassium concentrations. 
Alkanolamines.

8.5 µm 55% - - 0.7 µeq  
2.8 µeq 

Carboxylic 
acid/ 
phosphonic 
acid/ crown 
ether

Medium

IonPac 
CS14

2 × 250 mm
4 × 250 mm

MSA Aliphatic amines, aromatic amines, 
and polyamines plus mono- and 
divalent cations. 

8.5 µm 55% - - 0.325 µeq  
1.3 µeq 

Carboxylic 
acid

Low

IonPac 
CS12A-
MS

2 × 100 mm MSA IC-MS screening column for fast 
elution and low flow rates required 
for interfacing with IC-MS

8.5 µm 55% - - 0.28 µeq Carboxylic 
acid/ 
phosphonic 
acid

Medium

IonPac 
CS12A- 
5 µm

3 × 150 mm MSA Recommended column for high 
efficiency and fast analysis (3 min) 
of mono- and divalent cations. 

5 µm 55% - - 0.94 µeq Carboxylic 
acid/ 
phosphonic 
acid

Medium

IonPac 
CS12A

2 × 250 mm
4 × 250 mm

MSA Recommended column for the 
separation of mono- and divalent 
cations. Manganese morpholine, 
alkylamines, and aromatic amines.

8.5 µm 55% - - 0.7 µeq  
2.8 µeq

Carboxylic 
acid/ 
phosphonic 
acid

Medium

IonPac 
CS11

2 × 250 mm HCl + DAP Separation of mono- and divalent 
cations. Ethanolamines if divalent 
cations are not present.

8 µm 55% 200 nm 5% 0.035 µeq Sulfonic acid Medium

IonPac 
CS10

4 × 250 mm HCl + DAP Separation of mono- and divalent 
cations. 

8.5 µm 55% 200 nm 5% 0.08 µeq Sulfonic acid Medium

IonPac 
CS5A

2 × 250 mm
4 × 250 mm

Pyridine 
dicarboxylic 
acid 

Recommended column for 
transition and lanthanide metals 
analysis. Aluminum analysis.

9 µm 55% 140 nm
75 nm

10%
20%

0.02 µeq/ 
0.005 µeq
0.04 µeq/ 
0.01 µeq

Sulfonic 
acid/ alkanol 
quaternary 
ammonium

-



86	 Column Selection Guide and Specifications Column Selection Guide and Specifications	 87

Column Phase Target Applications
Base Matrix 

Material 
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ProSwift 
WAX-1S

Weak 
Anion 
Exchange

Fast protein separation 
with good resolution 
using Anion Exchange

Monolith; 
polymethacrylate with 
tertiary amine (DEAE) 
functional group

Monolith 
Standard 
permeability

18 mg/mL 
BSA 

 0.5–1.5  
mL/min 

(4.6 mm), 
0.05–.25 
(1.0 mm)

Most common 
organic 
solvents

1000 psi 
(4.6 mm) 
2000 psi 
(1.0 mm)

2–12.0

ProSwift 
WCX-1S

Weak 
Cation 
Exchange

Fast protein separation 
with good resolution 
using Cation Exchange

Monolith; 
polymethacrylate with 
carboxylic acid (CM) 
functional group

Monolith 
Standard 
permeability

23 mg/mL 
Lysozyme

0.5–1.5  
mL/min 

(4.6 mm), 
0.05–.20
 (1.0 mm)

Most common 
organic 
solvents

1000 psi 
(4.6 mm) 
2000 psi 
(1.0 mm)

2–12.0

ProPac 
IMAC-10

Immobilized 
Metal 
Affinity

High resolution 
separation of certain 
metal-binding proteins 
and peptides

10 µm diameter non-
porous polystyrene 
divinylbenzene substrate 
with poly (IDA) grafts. 

55% >60 mg 
lysozyme/ 
mL gel (4 x 
250 mm)

1.0  
mL/min

EtOH, urea, 
NaCl, 
non- ionic 
detergents, 
glycerol, acetic 
acid, guanidine 
HCl

3000 psi 
(21MPa)

2–12

ProSwift 
ConA-1S

ProPac 
HIC-10

Reversed-
Phase

Protein separation using 
hydrophobic interaction 
with salt gradient 
elution

Spherical 5 µm, 
ultrapure silica, 300 A, 
surface area 100 m2/ g,

n/a 340 mg 
lysozyme 
per 7.8 
x 75 mm 
column

1.0  
mL/ min

2M Ammonium 
sulfate/ 
phosphate 
salts, organic 
solvent for 
cleanup

4,000 psi 2.5–7.5

Bio Columns

Protein

Column Phase Target Applications
Base Matrix 
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MAbPac 
SEC-1 

MAbPac 
SCX-10

ProPac 
WCX-10

Weak 
Cation 
Exchange

High resolution and high 
efficiency separations 
of proteins and 
glycoproteins, pI =3-10, 
MW>10,000 units 

10-µm diameter 
nonporous substrate 
to which is grafted a 
polymer chain bearing 
carboxylate groups.

55% 6 mg/ mL 
lysozyme

0.2–2  
mL/min

80% ACN, 
acetone. 
Incompatable 
with alcohols 
and MeOH

3000 psi 
(21 MPa)

2–12.0

ProPac 
SCX-10

Strong 
Cation 
Exchange

High resolution and high 
efficiency separations 
of proteins and 
glycoproteins, pI =3-10, 
MW>10,000 units 

10 µm diameter 
nonporous substrate 
to which is grafted a 
polymer chain bearing 
sulfonate groups.

55% 3 mg/ mL 
lysozyme

 0.2–2.0  
mL/min

80% ACN, 
acetone, MeOH 

3000 psi 
(21 MPa)

2–12.0

ProPac 
SCX-20

ProPac 
WAX-10

Weak 
Anion 
Exchange

High resolution and high 
efficiency separations 
of proteins and 
glycoproteins, pI =3-10, 
MW>10,000 units 

10 µm diameter 
non-porous substrate 
to which is grafted a 
polymer chain bearing 
tertiary amine groups.

55% 5 mg/ mL 
BSA/ mL 

0.2–2.0  
mL/min 

80% ACN, 
acetone, 
MeOH,

3000 psi 
(21 MPa)

2–12.0

ProPac 
SAX-10

Strong 
Anion 
Exchange

High resolution and high 
efficiency separations 
of proteins and 
glycoproteins, pI =3-10, 
MW>10,000 units 

10 µm diameter non-
porous substrate with 
grafted polymer chain 
bearing quaternary 
ammonium groups.

55% 15 mg/ mL 
BSA

0.2–2.0  
mL/min 

80% ACN, 
acetone, MeOH

3000 psi 
(21 MPa)

2–12.0

ProSwift 
RP-1S

Reversed-
Phase

Fast protein separation 
with high capacity using 
Reversed Phase 

Monolith; polystyrene-
divinylbenzene with 
phenyl functional group

Monolith 
Standard 
permeability

5.5 mg/mL 
Insulin 

2–4  
mL/min

Most common 
organic 
solvents

2800 psi 
(19.2 
Mpa)

1–14

ProSwift 
RP-2H

Reversed-
Phase

Fast protein separation 
with high capacity using 
Reversed Phase 

Monolith; polystyrene-
divinylbenzene with 
phenyl functional group

Monolith 
High 
permeability

1.0 mg/mL 
Lysozyme

1–10  
mL/min

Most common 
organic 
solvents

2800 psi 
(19.3 
Mpa)

1–14

ProSwift 
RP-4H

ProSwift 
RP-3U

Reversed-
Phase

Fast protein separation 
with high capacity using 
Reversed Phase 

Monolith; polystyrene-
divinylbenzene with 
phenyl functional group

Monolith 
Ultrahigh 
permeability

0.5 mg/mL 
Lysozyme 

1– 16  
mL/min 

Most common 
organic 
solvents

2800 psi 
(19.3 
Mpa)

1–14

ProSwift 
SAX-1S

Strong 
Anion 
Exchange

Fast protein separation 
with good resolution 
using Anion Exchange

Monolith; polymethac-
rylate with quaternary 
amine functional group

Monolith 
Standard 
permeability

18 mg/mL 
BSA 

0.5–1.5
(4.6 mm), 
0.05–.25
(1.0 mm)

Most common 
organic 
solvents

1000 psi 
(4.6 mm) 
2000 psi 
(1.0 mm)

2–12.0

ProSwift 
SCX-1S

Strong 
Cation 
Exchange

Fast protein separation 
with good resolution 
using Cation Exchange

Monolith; polymethac-
rylate with sulfonic acid 
fuctional group

Monolith 
Standard 
permeability

30 mg/mL 
Lysozyme 

 0.5–1.5  
mL/min
(4.6 mm)

Most common 
organic 
solvents

1000 psi 
(4.6 mm)

2–12.0
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Carbohydrate
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CarboPac 
MA1

Reduced mono- 
and disaccharide 
analysis.

7.5 µm diameter macroporous 
substrate fully functionalized 
with an alkyl quaternary 
ammonium group 

15% No latex 1450 µeq  
(4 × 250 mm)

Hydroxide 0.4  
mL/min

0% 2000 psi 
(14 MPa)

0–14

CarboPac 
PA1

General purpose 
mono-, di-, and 
oligosaccharide 
analysis

10 µm diameter nonporous 
substrate agglomerted with a 
500 nm MicroBead quaternary 
ammonium functionalized latex

2% 5% 100 µeq  
(4 × 250 mm)

Hydroxide, 
acetate/ 
hydroxide

1.0  
mL/min

0–5% 4000 psi 
(28 MPa)

0–14

CarboPac 
PA10

Monosaccharide 
compositonal 
anaylysis

10 µm diameter nonporous 
substrate agglomerated with 
a 460 nm MicroBead di-
functionalized latex

55% 5% 100 µeq  
(4 × 250 mm)

Hydroxide, 
acetate/ 
hydroxide

1.0  
mL/min

0–90% 3500 psi
(24.5 
MPa)

0–14

CarboPac 
PA20

Fast mono-, and 
disaccharide 
analysis

6.5 µm diameter nonporous 
substrate agglomerated with a 
130 nm MicroBead quaternary 
ammonium functionalized latex

55% 5% 65 µeq  
(3 × 150 mm)

Hydroxide, 
acetate/ 
hydroxide

0.5  
mL/min

0–100% 3000 psi 
(21 MPa)

0–14

CarboPac 
PA100

Oligosaccharide 
mapping and 
analysis

8.5 µm diameter nonporous 
substrate agglomerated with a 
275 nm MicroBead  
di-functionalized latex

55% 6% 90 µeq  
(4 × 250 mm)

Hydroxide, 
acetate/ 
hydroxide

1.0  
mL/min

0–90% 4000 psi 
(28 MPa)

0–14

CarboPac 
PA200

High resolution 
oligosaccharide 
mapping and 
analysis

5.5 µm diameter nonporous 
substrate agglomerated with a 
43 nm MicroBead quaternary 
ammonium functionalized latex

55% 6% 35 µeq  
(3 × 250 mm)

Hydroxide, 
acetate/ 
hydroxide

0.5  
mL/min

0–100% 4000 psi 
(28 MPa)

0–14

DNA

Column Target Applications Base Matrix Material 
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DNAPac 
PA100

Single stranded DNA or 
RNA oligonucleotides, 
restriction fragments, 
glycoprotein isoforms.

13-µm diameter nonporous 
substrate agglomerated 
with a 100-nm MicroBead 
alkyl quaternary 
ammonium functionalized 
latex. 

55% 5% 40 µeq Chloride, 
acetate, 
bromide, 
perchlorate: 
in lithium 
sodium or 
ammonium 
forms

1.5  
mL/min

0–100% 4000psi 
(28MPa)

2–12.5

DNAPac 
PA200

High resolution single 
stranded DNA or RNA 
oligonucleotides, 
restriction fragments, 
glycoprotein isoforms.

8-µm diameter nonporous 
substrate agglomerated 
with a 130-nm MicroBead 
alkyl quaternary 
ammonium functionalized 
latex. 

55% 5% 40 µeq Chloride, 
acetate, 
bromide, 
perchlorate: 
in lithium 
sodium or 
ammonium 
forms

1.2  
mL/min

0–100% 4000psi 
(28MPa)

2–12.5

DNASwift
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