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IP‑RP Chromatography of Oligonucleotides – 
Method Selection Guide
Short oligonucleotides (≤10-15 mer) exhibit relatively low 
charge density and limited hydrophobic interaction; less 
hydrophobic ion‑pair systems are typically sufficient 
to achieve retention. Medium‑length oligonucleotides 
(15-30 mer) represent the optimal application range for 
IP‑RP, offering high robustness, good peak shape, and 
excellent compatibility with UV and MS detection. Long 
oligonucleotides (30-50 mer) require optimised ion‑pair 

systems and elevated temperatures to minimise peak 
broadening caused by strong ion‑pair interactions and 
secondary structure effects. Very long oligonucleotides 
(≥50-100 mer) approach the practical limits of IP‑RP; 
reduced ion‑pair concentrations, shallow gradients, and 
MS‑focused workflows are recommended. The selection 
strongly depends on sequence, modification, and impurity 
profile; no universal IP system exists.

ON length 
(mer) Preferred Ion-Pair Systems Column 

temperature
Typical 
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modifier

Typical 
Applications

References & 
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Examples

≤10-15

TEAA (50-100 mM)

TEA (10-30 mM) + HFIP (100-300 mM)

DBAA (10 mM)

30-50 °C
ACN or MeOH 

(5-30%)

degradation products, 
short ASO fragments, 
process monitoring 

and control

[C], [D]

[1]

15-30

DIPEA 10-30 mM + HFIP 100-200 mM

HFIP 100-300 mM + TEA 5-30 mM

DBAA 10-20 mM (pH 7.5) 

30-60 °C
ACN or Methanol 

(5-40%)

siRNA ss, ASOs purity 
assessment and 

mapping analyses

[B-D]

[2], [3], [4], [5]

30-50 

DIPEA 20-40 mM + HFIP

TPA (10-25 mM) + HFIP (100-300 mM)

HA (5-20mM) +  HFIP (100-200 mM))

HFIP 0.2-0.4 M

50-70°C ACN (10-60%)

ASOs, longer siRNA 
constructs, structural 

and heterogeneity 
analyses

[A], [D], [E]

≥50-100
DIPEA ≤20 mM + HFIP

TEAA 100 mM
60-80 °C ACN (20-70%)

mRNA fragments, 
long synthetic 

templates, sgRNA

[A]

[6], [7], [8]

Table 1: IP‑RP method overview by oligonucleotide length

Additional tips

For LC-MS analysis of oligonucleotides using ion-pair 
reversed-phase chromatography, volatile TEA/HFIP 
systems are essential to ensure MS compatibility. Typical 
mobile phases contain 50-300 mM HFIP combined with 
5-30 mM TEA, which provides sufficient ion-pairing while 
maintaining volatility and minimizing ion suppression.
In contrast, traditional systems such as TEAA, DBAA may 
be employed as an ion-pairing reagent in cases where 
enhanced chromatographic retention and resolution are 
required (typ. 50-100 mM). Its use is particularly beneficial 
for short oligonucleotides with inherently low retention, 
where more hydrophobic ion-pairing reagents improve 

interaction with the stationary phase. [F] HA/HFIP offers 
maximum selectivity and retention but requires careful 
control of column conditioning and washing.
TBAA and TEAA are mainly UV-based systems and are 
generally not suitable for LC–MS workflows.
A critical aspect is that ion-pair concentration must 
be carefully balanced: higher concentrations improve 
chromatographic retention and peak shape but can reduce 
MS sensitivity. This trade-off becomes more pronounced 
for longer oligonucleotides, which require stronger ion-
pairing. 

LC-MS compatibility
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Elevated temperature is a key parameter for improving mass transfer and suppressing secondary structure formation in 
long oligonucleotides.

Influence of pore size

Length (-mer) 10	 20	 50	 100	 150	 300	 500	 1,000

Column Selection Tool according to nucleotide length

	 Appropriate oligonucleotide length range

YMC-Triart C18

YMC-Triart C8

Hydrosphere C18

12 nm
pore

30 nm
pore

YMC-Triart Bio C18

YMC-Triart Bio C4

First choice 
for oligonucleotides 
of various lengths

Temperature

Different Selectivities
Although C18 columns are most commonly used, 
alternative stationary phase selectivities can be beneficial 
for challenging analytes. In the case of disulfide-modified 
oligonucleotides, the increased hydrophobicity of the 

disulfide groups can lead to excessive retention on C18, 
preventing elution. In contrast, a less hydrophobic C4 
stationary phase with large pore size provides improved 
elution and peak shape [7].

Ion pair reversed phase liquid chromatography (IP-RP) is the gold standard for the analysis of oligonucleotides. However, 
the costs and the environmental aspects of commonly used fluor alcohols like HFIP, require alternative approaches [8].
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More Applications in the YMC Application Database.

ACN - acetonitrile
ASO - antisense oligonucleotide
DBAA - dibutylammonium acetate
DIPEA - N,N-diisopropylethylamine
DIPEA - diisopropylethylamine
ds - double-stranded 
HA - hexylamine
HFIP - 1,1,1,3,3,3-hexafluoro-2-ol; hexafluoroisopropanol
IP‑RP - ion‑pair reversed‑phase chromatography

MeOH - methanol
mRNA - messenger RNA
ON - oligonucleotide
sgRNA - single guide RNA
siRNA – small interfering RNA
ss – single-stranded
TEA - triethylamine
TEAA - triethylammonium acetate
TPA - tripropylamine

Abbrevations
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