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INTRODUCTION
Ion-pairing reversed phase (IP-RP) chromatography is one of 
the most used methods for the analysis of oligonucleotides 
(ON). Oligonucleotides are highly customizable compounds. 
The backbone can be modified to improve identification 
of each nucleotide to more easily track ON synthesis [2] or 
to improve protection against degradation by enzymes [3]. 
The sugar ring can also be modified. Often, modifying the 
2’ position on the sugar ring will result in greatly increased 
binding capabilities while also reducing non-specific 
protein binding to the oligonucleotide [4]. 2’-O-methyl and 
2’-O-methoxyethyl are the most common modifications 
on the sugar ring. Those short nucleotide sequences are 
becoming increasingly essential for molecular biology 
and therapeutic ends. But with their naturally negative 

charge, it is not that easy to gain retention on a column. 
That’s where the ion-pairing mechanism comes into play. 
By adding a positively charged ion pair reagent, the 
oligonucleotide acquires a hydrophobic shell and can 
thus interact with a RP stationary phase [5]. The used 
amines and acidic counterions can significantly affect the 
retention and resolution of the ON. Here, two different 
ion-pairing systems were investigated. Both used triethyl 
amine (TEA) but different counterions: acetic acid (HAc) 
and hexafluoro isopropanol (HFIP). To evaluate how the 
systems compare, three synthetic oligonucleotides with 
different sequences and lengths (15, 25 and 64 bases) 
were measured using columns of different lengths to 
furthermore investigate the On/Off mechanism [6]. 

SUMMARY
Oligonucleotides (ON) are the new superstars in medical and biological research, 
especially when it comes to highly specialized or personalized drugs. More drugs 
are reaching the clinical phase of development or have already been approved by 
the Food and Drug Administration. The target group is often particularly vulnerable 
patients, which is why the quality requirements for synthesized oligos and the 
throughput in analytical laboratories are enormous. The challenge of analysis lies in 
the very long polar chains, which differ only in individual nucleobases or sometimes 
in individual functional groups [1]. 
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RESULTS
IP-RP system I – HAc & TEA
Method development was first proceeded with the 
ion-pairing system using TEA and HAc. For starting 
conditions, a concentration of 20 mM HAc and  
20 mM TEA (adjusted to pH 8.5) were chosen. A KNAUER 
Sepapure oliGO column in a dimension 50 x 4.6 mm 
ID and 3 µm particle size was used. Then, the method 
was optimized in terms of the concentration of the ion-
pairing reagent, the gradient slope, the resolution, and 
the total run time. Fig. 1 displays a stacked overlay of 
the three oligonucleotide samples with the final method 
settings (Tab.2) using 10 mM HAc and 10 mM TEA in 
the mobile phase.

SAMPLE PREPARATION
For prior determination of concentrations of the 
oligonucleotide samples, measurements with a NanoDrop 
2000 spectrophotometer were carried out.
Dependent on the availability and concentration of the 
samples, different amounts (5–20 mg) were weighed 
and dissolved in water. Furthermore, a single standard 
of uracil was prepared and used as dead time marker 
for the developed methods. 

Interestingly, the 64-mer ON elutes before the 25-mer. 
This is potentially caused by the 25-mer ON possessing 
a C12 linker-chain as a modification. This C12 chain 
contributes to interactions with the reversed phase 
column, resulting in a delayed elution of the 25-mer.

Sufficient retention as well as separation for all three 
oligonucleotide samples was achieved after optimizing 
the concentration of ion-pairing reagents and the 
gradient conditions. The ON were measured as single 
samples and not as a mixed sample because after a 
synthesis it is unlikely that you will have a mixture of ON 
with such a variety in length and number of base pairs.

The optimized gradient was adapted to different column 
dimensions using the KNAUER HPLC method converter 
and further optimized if necessary (Fig. 2). The following 
column dimensions were tested to investigate the On/Off 
retention mechanism of the used oligonucleotide samples 
in combination with the ion-pairing system consisting 
of HAc and TEA: 30 x 4.6 mm ID, 3 µm Sepapure oliGO 
column (Fig. 3/Tab.2) and 10 x 4.6 mm, 3 µm Sepapure 
oliGO guard column (Fig. 4/Tab.2). 

Fig. 1  Stacked overlay of oligonucleotide samples, 64mer – black, 25mer – red, 

15mer – blue; 10 mM HAc + 10 mM TEA; 50 x 4.6 mm ID, 3 µm Sepapure oliGO 

column.

Fig. 2  Gradient composition and run time for 50 x 4.6 mm ID column.-20
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Sample name BP length Molar mass [Da] Note

GTssDNA 15 4726.1 Only G and T groups

dT24 25 7502.06 Contains C12 chain

Eufi DNAss 64-mer 64 19488.714 N/A

Tab. 1  List of used oligonucleotide samples.
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https://www.knauer.net/de/software-hplc-method-converter
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The transfer of the gradient from one ion-pairing system 
to the other could be carried out without any adjustments 
for the 50 mm column. 

Fig. 3  Stacked overlay of oligonucleotide samples, 64mer – black, 25mer – red, 

15mer – blue; 10 mM HAc + 10 mM TEA; 30 x 4.6 mm ID, 3 µm Sepapure oliGO 

column.

Fig. 4  Stacked overlay of oligonucleotide samples, 64mer – black, 25mer – red; 

10 mM HAc + 10 mM TEA; 10 x 4.6 mm ID, 3 µm Sepapure oliGO column.

Fig. 5  Stacked overlay of oligonucleotide samples, 64mer – black, 25mer – red, 

15mer – blue; 100 mM HFIP + 4 mM TEA; 50 x 4.6 mm ID, 3 µm Sepapure oliGO 

column.

Fig. 6  Stacked overlay of oligonucleotide samples, 64mer – black, 25mer – red, 

15mer – blue; 100 mM HFIP + 4 mM TEA; 30 x 4.6 mm ID, 3 µm Sepapure oliGO 

column, method parameters Tab. 4

The downscaled gradient applied to the oliGO guard 
column worked well for the 64mer and the 25mer 
oligonucleotide sample. Unfortunately, the 15mer 
showed no retention on the 10 mm column. No further 
adjustments to the method were tested. Varying the ion-
pairing reagent concentration or changing the gradient 
slope might be a possibility to achieve retention of the 
15-mer oligonucleotide sample.

IP-RP system II – HFIP & TEA
In the next step, the developed methods were directly 
transferred to the second ion-pairing system, consisting 
of HFIP and TEA. For starting conditions, a concentration 
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of 100 mM HFIP and 7 mM TEA (adjusted to pH 8) were 
chosen. Measurements were performed first on the 
50 x 4.6 mm ID Sepapure oliGO column (Tab.3). During 
the method optimization process, the concentration of 
TEA could be decreased to 4 mM while still maintaining 
a similar retention on the column. Fig.  5-7 show the 
separation of the three exemplary oligonucleotide 
samples using the second ion-pairing system. 
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CONCLUSION
The experimental results demonstrate that HAc, in 
combination with TEA, constitutes a very suitable 
alternative to HFIP for IP-RP-HPLC with UV detection. 
While with the HFIP methods slightly shorter retention 
times were achieved HAc provided better peak symmetry, 
comparable resolution and overall chromatographic 
performance.
The investigation into reduced column lengths confirmed 
the presence of a functional “On/Off” retention mechanism 
within the IP-RP-HPLC system. Both HFIP and HAc-based 
methods preserved sufficient retention and analyte 
resolution upon transfer to shorter columns. Furthermore, 
the used Sepapure oliGO column showed good overall 
symmetry even for higher molecular weight analytes 
(64mer). The ability to separate oligonucleotides in under 
two minutes is a good basis and shows the potential for 
high-throughput analysis. 

MATERIAL AND METHODS
Tab. 2  Method of oliGO columns for ion-pairing with HAc and TEA.                                  

Tab. 3  Method of 50 mm oliGO column for ion-pairing with HFIP and TEA.   
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Fig. 7  Stacked overlay of oligonucleotide samples, 64mer – black, 25mer – red, 

15mer – blue; 100 mM HFIP + 4 mM TEA; 10 x 4.6 mm ID, 3 µm Sepapure oliGO 

column, method parameters Tab. 4

Parameter Description

Eluent A Methanol

Eluent B 10 mM TEA + 10 mM HAc in H2O

Flow rate 0.75 ml/min

Temperature 60 °C

Column 50 x 4.6 
mm ID

30 x 4.6 
mm ID

10 x 4.6 
mm ID

Gradient Time [min] Time [min] Time [min] A [%] B [%]

0.00 0.00 0.00 95 5

0.50 0.30 0.10 95 5

2.00 1.20 0.40 82 18

2.03 1.22 0.42 82 18

5.00 3.00 1.00 30 70

5.50 3.30 1.10 30 70

5.52 3.32 1.12 95 5

7.50 5.50 3.50 95 5

Detection UV@254 and 260 nm

Injection volume 1 - 5 µl

Injection mode Sandwich

Sandwich solvent Methanol: H2O 5:95 (v/v)

Parameter Description

Eluent A Methanol

Eluent B 4 mM TEA + 100 mM HFIP in H2O

Flow rate 0.75 ml/min

Temperature 60 °C

Gradient Time [min] A [%] B [%]

0.00 95 5

0.50 95 5

2.00 82 18

2.03 82 18

2.80 20 80

4.00 20 80

4.02 95 5

7.50 95 5

Detection UV@254 and 260 nm

Injection volume 1 - 5 µl

Injection mode Sandwich

Sandwich solvent Methanol: H2O 5:95 (v/v)
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Tab. 4  Method for 30 mm/10 mm oliGO column for ion-pairing with HFIP 

and TEA.                              

Tab. 5  System configuration.                                  
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Parameter Description

Eluent A Methanol

Eluent B 4 mM TEA + 100 mM HFIP in H2O

Flow rate 0.75 ml/min

Temperature 60 °C

Gradient Time [min] A [%] B [%]

0.00 95 5

0.30 95 5

1.20 80 20

1.50 20 80

2.40 20 80

2.42 95 5

4.50 95 5

Detection UV@254 and 260 nm

Injection volume 1 - 5 µl

Injection mode Sandwich

Sandwich solvent Methanol: H2O 5:95 (v/v)

Instrument Description Article No.

Injector LH 8.1 Liquid Handler, 557 mm version with 
Robotic Cooler, including injection valve  
and fast wash station

A51001

Pump AZURA® P 6.1L Pump HPG, Stainless Steel, 
10 ml/min

APH35EA

Detector AZURA® DAD 6.1L Diode Array Detector, 
190 – 1000 nm

ADC11

Flow cell UV Flow Cell Cartridge, LightGuide, Analyti-
cal, 10 mm, 2 µl

AMC19XA

Thermostat AZURA® CT 2.1 Column Thermostat for up 
to 8 HPLC columns with temperature range 
between 5-85°C

ATC00

Column 1 Sepapure oliGO 120-3 Column 50 x 4.6 mm 05EF18NSPG

Column 2 Sepapure oliGO 120-3 Column 30 x 4.6 mm 03EF18NSPG

Column 3 Sepapure oliGO 120-3 Precolumn 10 x 4.6 
mm

P6EF18NSPG

Software ClarityChrom 10.1 station single instrument 
license one time base, Workstation, auto-
sampler control included

A1670

Software ClarityChrom 10.1 PDA license for PDA data 
processing

A1678
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