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Ultra Performance Liquid Chromatography
UPLC combines improved column chemistry and instrumentation to:

• Increase speed
• Resolution 
• Sensitivity

Improved system design:
• Greater pressure range (Up to 15000 psi)
• Lower system and dwell volumes
• Faster data acquisition (Up to 40 pts/sec)

Acquity UPLC Columns - Bridged Ethyl Hydrid (BEH) phases
1.7 µm particle size 
Improved strength & pH stability
Phases available:  C18, C8, phenyl, and Shield RP18 (polar embedded)
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UPLC– An opportunity to reduce analysis time and improve resolution

HPLC and UPLC Analysis of Phosphoramidites (“Amidites”)
Amidites are key raw materials (monomers) for solid-phase synthesis of 
siRNA, antisense oligonucleotides, and other nucleic acid medicines.
HPLC is used to  confirm the identity of each amidite prior to manufacturing.
Amidites consist of a 5’dimethoxytrityl-protected pentose sugar (ribose or 
deoxyribose) with a nitrogenous base (A, C, G, T,or U) and a β-cyanoethyl-
protected 3’-phosphite group.  A t-butyldimethylsilyl (tBDMSi) group is used 
to protect the 2’-O of the ribose amidites. Other protecting groups (benzoyl, 
isobutryl, acetyl) are employed to minimize undesireable side reactions of 
the hydroxyl groups on the nucleic acid bases.
Each amidite produces a pair of peaks when analyzed by RP HPLC.
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Introduction:

Industrial Polymers:  Liquid Epoxy Resins

Bioanalytical: Nucleic Acid Medicines (Pharmaceuticals) Bioanalytical: Protein Tryptic Digests  (Peptides)

The main component of liquid epoxy resins is the diglycidylether of 
Bisphenol A.  Due to some advancement with Bisphenol-A during processing, 
higher oligoners, which are indicated by the number n, are formed.  The amount 
of the oligomers (n=1 and 2) and the amount of monohydrolyzed form of n=0 
(A) are specified in various products.   

Amounts of o-Bispenol-A impurities are also controlled. The n=0 o,p’ isomer 
is depicted in (B).  A by-product which is difficult to separate from n=0 p,p’ is the 
adduct of 2-propanol to n=0 (C).  Chlorohydrins are other typical impurities (D). 

A broad number of isomers, oligomers and by-products are present in liquid 
epoxy resins. The complex peak pattern reflects this fact.

The Dow Chemical Co. is a leading global manufacturer of Epoxy Resins.
A precise, accurate, robust HPLC method is necessary to support manufacturing and R&D. 
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UPLC separations allow improved resolution and speed compared to HPLC.

The Dow Chemical Co. is a leading manufacturer of Nucleic Acid Medicines
Precise, accurate, robust LC methods are necessary to support manufacturing and R&D.

HPLC and UPLC Analysis of Nucleic Acid Medicines 
HPLC is used to determine purity and impurities in oligonucleotide drug candidates, 

including ODN, siRNA, aptamers, and other modified nucleic acid medicines. Impurities may 
arise during synthesis from missed detritylation, failed couplings, incomplete sulfurization, 
missed cappings, amidite-related impurities, sequence errors, and double couplings. 

The Figures (right) compare HPLC and UPLC analyses 
of a mixed solution of phosphoramidites prepared in dry 
acetonitrile. 
The analysis time was reduced from 16 to 4 minutes.
Using a shorter (100mm) column, analysis time can be 
reduced to  < 2.5 min.

Signal Intensities (Sensitivity) of Peptides at 1, 2 and 3 scans/sec

The Figure (left) shows a 40 min HPLC separation of an 
deoxyribo-oligonucleotide and related impurities from 
ion-pair reversed-phase analysis of a crude synthesis 
solution. 
The Figure (below left) shows a 40-min UPLC 
separation of the same sample solution. The improved 
resolution is evident.
The Figure (below right) shows a faster 15-min UPLC 
separation of the same solution.

The Figure below left shows a UPLC analysis of a single-strand intermediate of an siRNA drug candidate.  The 
purity was determined to be ~ 90A% by HPLC, but UPLC allowed separation and detection of an impurity (~2.6 
A%) that was co-eluting with the product peak.
The Figure below right shows a 9-min UPLC analysis of a dimethoxytrityl-protected synthesis solution (DMT-On).  
A similar HPLC analysis is usually completed in ~ 45 min.

Quantitative Analysis of Signature Peptides from Protein Tryptic Digests by UPLC with 
Electrospray Ionization and ToF-MS

Conclusion – Ultra Performance Liquid Chromatography:

UPLC reduced analysis times (3X – 10X), while simultaneously improving resolution and sensitivity.
UPLC with Q-ToF Micro MS improved ability to detect and identify individually-resolved peptides in tryptic digests.

Oligonucleotides are Synthesized on Solid-
Supports using Phosphoramidite Chemistry 

(general structure is shown below)

Compared to HPLC, the UPLC separation reduced 
analysis time 4X and improved resolution.

Peptide mapping is commonly used for comprehensive characterization of biopharmaceutical products. Peptide mapping 
is used for the identification of proteins based on the resolution of peptide fragments.  Quantitative determination of 
“signature” peptides from target protein therapeutics is used for process development, manufacture, and quality control. 
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Shallow gradient allow for a better separation of the tryptic peptides as shown in the figure below
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Slower scan rate of MS acquisition allows for a higher signal intensity, thus lowering the Limit of Detection

y = 76.368x
R2 = 0.9968
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Linearity data from the quantitation of a 
single peptide (from 0.7 pmol to 144.3 
pmol) is shown.  

Living

Improved Daily

UPLC (below) can be used to achieve better separation of tryptic peptides 
from individual proteins (or complex mixtures) compared to HPLC (right).
Coupling of UPLC to a Q-Tof micro mass spectrometer allows acquisition of 
MS or MS/MS data
Simultaneous characterization and assignment of a sequence using the 
acquired MS data and quantification using acquired UV profile is possible
The Total Ion Chromatogram shown below represents the separation of a 
pure protein tryptic digest.  MS spectra of a couple of peaks are also shown

UPLC 

55 min 

69 peaks

Separation of 1µg of a tryptic digest of BSA was carried out on a 2.1x150mm BEH 1.7 µm C18 column.  The mobile 
phases (MP) were  MP-A: 98% water, 2% acetonitrile, 0.1% formic acid and MP-B: 2% water, 98% acetonitrile, 0.1% 
formic acid.  The sample was loaded on the column with 5% MP-B and the gradient was started at time 5 min.  A slow 
(0.6% / min) or fast (1.5% / min) gradient was developed from 5%B to 40%B.  The flow rate was maintained at 100 
µL/min.  MS acquisition was carried out at 1 scan/sec, 2 scans/sec or 3 scans/sec. The lock mass channel was sampled 
every 7secs.  During post-acquisition processing, MS spectra were lock mass corrected prior to manual peptide mass 
fingerprinting.  Peptides matching within an error of 15 ppm were accepted as positive ID’s and based on this, 85% 
sequence coverage of BSA was achieved.

What is the influence of particle size on separation efficiency?
The influence of particle size on separation efficiency is quantitatively 
described by the van Deemter equation.  

The primary effect of small particles is reduced diffusional band broadening 
(dispersion) during the separation. (Mobile phase mass transfer is related to 
particle diameter, dp2).

With particle sizes below 2um, the resistance to mass transfer decreases 
and the efficiency is maintained at higher linear velocities.

What effect does the MW of sample components have on efficiency?

Dm decreases with increasing MW, where Dm is the sample diffusion 
coefficient in the stationary phase.

The optimum value of mobile phase velocity occurs for a given ratio of dp/Dm

Small particle columns are very advantageous for the separation of larger 
biomolecules.

RP-HPLC: 3.0mm ID x 150 mm Waters XTerra MSC18, 3.5um column; isocratic

UPLC: 2.1mm ID x 150 mm Waters BEH C18, 1.7µm column; isocratic

RP-HPLC: 3.0mm ID x 150 mm Waters XTerra MSC18, 3.5um column; isocratic

UPLC: 2.1mm ID x 150 mm Waters BEH C18, 1.7µm column; isocratic

HPLC: Waters XTerra MS-C18, 2.5um column

UPLC: Waters BEH C18, 1.7µm column

HPLC: Waters XTerra MS-C18, 2.5um column

UPLC: Waters BEH C18, 1.7µm column

UPLC: 2.1mm ID x 100 mm Waters BEH C18, 1.7µm columnUPLC: 2.1mm ID x 100 mm Waters BEH C18, 1.7µm column


