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• UPLC-like performance can be obtained on any LC where 7 

mm/s velocity and k’s of 10/min are readily achievable.

• 3-3.5 µm particles give the best balance of resolution and 
pressure drop.  Same performance levels as sub 2 µm 
without the pressure.

• High pressure is not required with 3-3.5 µm particles and thus 

ordinary LC components can be employed.

• Generic gradient analyses reaching kB= 20 can be performed 

in 2 min. with a 2.5 min cycle time using ordinary HPLC 

instruments.

• Such systems have been proven with many hundreds of 

thousands of analyses for qualitative and quantitative drug 

discovery applications.

High Throughput Separation Parameters

As the demands of the separation scientist’s time increase, 

fast, quality analyses become intrinsically more important. 

Optimized parameters enable the chemist to perform existing 

work faster, can find information otherwise missed, and 

impacts the productivity of the laboratory and shortens the 

turnaround delay on time sensitive samples.

It is not enough just to increase the mobile phase flow rate. 

There are several other parameters involved in boosting 

resolution of the separation without compromising speed. If 

approached in a systematic way, the process is easy to follow, 

allowing ready solutions to existing and upcoming analytical 

challenges using your existing HPLC system.

Although optimizing the separation parameters are the most 

important aspect in achieving the high throughput separation 

goal, the HPLC system hardware must first be optimized to 

recognize the improvements. Therefore, optimized plumbing 

diagrams and mobile phase preheating are presented.

There is great demand for increased productivity in analytical 

laboratories, particularly in the pharmaceutical industry. Faster 

methods are desired so that an increased number of compounds 

can be characterized and quantitated using existing resources. 

High throughput analysis in drug discovery requires the analysis

of thousands of compounds. The key to achieving quality high-

speed separations is to maintain resolution as the flow rate is 

increased. When developing high-speed separation methods, if 

resolution is not maintained as retention time is reduced, no 

improvement in productivity is realized. Productivity is 

proportional to resolution per unit time. Maximizing productivity 

while simultaneously maintaining resolution and minimizing 

retention time requires that peak width also be minimized. This 

reduction in peak width is achieved by optimizing several 

parameters at higher linear velocities, as well as making simple

modifications to the HPLC system. The parameters that need to 

be optimized are: stationary phase particle size and column 

dimensions, stationary phase and mobile phase choice, system 

dwell volume, flow rate, and temperature. This poster outlines an 

easy to follow “recipe” for performing high-throughput HPLC 

separations with existing, conventional HPLC equipment, without 

a loss of peak resolution. 

Step 1: Optimize System Plumbing

(The System Used Here Is More Than 10 Years Old)

It becomes obvious to the chromatographer that pressure will 

become the limiting factor when changing these parameters. 

However, these limitations can be reduced by slight increases in

temperature if applied efficiently, and augmented by choice of an 

optimized column format yielding lower pressure losses.

Theory

The resolution (RS) of any two peaks in a chromatogram can be 

changed by varying the conditions of the separation. The 

parameters that are directly related to the separation conditions 

are: selectivity, width and retention. The peak retention time tr
must be reduced to shorten the analysis but not at the expense 

of resolution or no improvement in productivity is realized 

(productivity is proportional to resolution per unit time).

Maximizing productivity (RS/tr), while minimizing tr, requires that 

peak width (w) also be minimized.

RS = 2(tr2-tr1) / (w1+ w2)

This is done by focusing on:

•Reducing system volume

•Optimizing temperature

•Reducing particle size[1]

•Increasing flow rate
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Step2: Use Active Mobile Phase Preheating

Temperature optimization 

curves at 5 mL/min (7mm/s) 

through 4.6 mm ID column 

with 3 µm particles.

• Stand Alone Mobile Phase Preater, 
capable of efficiently preheating the 
mobile phase on any HPLC system in 
only 2.25” length

Selerity Caloratherm

Pre-Heater: non-invasive 

and easy to use

Peak Width vs. HPLC Column (3um) Temp at 7 mm/s
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Temperature Optimization

• Temperature optimization at  7 
mm/s ≈ 45°C.

• 7 mm/s = 5 mL/min. through a 4.6 
X 50 mm column.

• At 45-50°C, peaks are symmetric 
with little impact on width.

• 25°C peak fronting occurs.

• 60°C peak width increases.

• With an ordinary HPLC system 
use a flow of 5 mL/min through a           
4.6 X 50 mm column with 3-3.5 
µm particles.

Temperature Optimization at 7mm/sec
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Step 3: Column Dimensions

Smaller particles:

• Narrow peaks under all 

conditions

• Less broadening of peaks as flow 

(velocity) is increased

• Same separation is achieved with 

shorter columns

• Allows shorter columns to reduce 

retention times (50 mm best 

compromise) 

In practice, particles less than 3 µm 

do not produce enough reduction 

in peak width to offset large 

pressure increases (even when 

using UHPLC) pressure 
proportional to 1/d2 3-3.5 µm 

appears optimal, with  4.6 X 50 

mm dimensions 

Effect of Particle Size on Peak Width
(3 & 5 micron diameters shown)
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Step 4: Column / Mobile Phase Choice

Column / Mobile Phase Choice

• None of the other efforts will matter without high quality here.

• Peak width differences between best/worst columns are at least 5
fold.

• Head to head comparisons are the only way to optimize this 
parameter. (test new columns frequently and don’t believe only 
one or two tests, seek low pressures).  

• 50 mm lengths with 3µm particles balance speed vs. resolution 
(resolution is similar to 150 mm x 5µm).

• Pick mobile phase for pH control, MS ionization, viscosity, & 
eluting strength (not to correct poor column performance).

• Good choices:

�ACN (residue/UV grade � purity) – low viscosity & good 
eluting strength. B&J solvents were used in this study.

�High purity CH3COOH (acid pH) and NH4COOH (neutral pH) 
for buffers in ultra high quality H2O (not bottled) - pH control & 
MS ionization (not recommended if one must use low λ UV).

�3rd + generation high purity silica “well packed & bonded” in 50 
mm – 3-3.5 µm columns (packing consistency & pressure 
matters). Inertsil columns were used in the work shown here.

• For standard HPLC: use 4.0 – 4.6 mm ID

Step 5: Use High Flow

•HPLC systems can span 0.5 to 5 mL/min 

without exceeding the 200 to 240 bar 

(3000 –3600 psi) maximum base pressure.

•Ideally, the slope equals 1.

•In reality the slope equals 0.75, using the 

plumbing described.

•Can be extended further with higher 

pressure limits although, high pressure 

usually comes at the expense of reduced 

flow rate.

•5 mL/min. can be operated with the same 

reliability as 1 mL/min. (1-4 k inj./col.) 

(>99% uptime on an open access LC/MS)

Note: Optimized temperature is required at each flow rate.

Velocity Scalable LC Productivity in 

1 to 14 mm/s range
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Generic Gradient Method Set for Addressing a Wide Range 

of Compounds

What to do if the First Run Does Not Provide Sufficient 

Performance

2 X 2 X 2 Polarity Matrix

2 Columns

2 pHs

2 Gradients 
(each column)

2 min @ 5 mL/Min.

4.6 X 50 mm X 3 µm
yields kB= 20
(enough for very good separation)

Gradient Choice

(Polarity)

High organic 

C8 only

C8

C18

pH Choice

(Ionization/Polarity)

Column Choice

(Polarity)

Low organic 

C18 only

Acid pH ~4

Neutral pH ~7

Goal: sharp peaks in the middle 60%

of the chromatogram (0.4 min <RT<1.6 min

Broad or Doubled Peak(s)

Solution:
Change pH, then re-evaluate RT/polarity

Elutes too early
Solutions:

1. C8 ���� C18 Column

2. Less organic gradient

3 Change pH

Elutes too late
Solutions:

1. C18 ���� C8 Column

2. More organic gradient

3 Change pH

[1]  Kinetic Conditions for Optimum Speed and Resolution in Column 

Chromatography, J H Knox and M Saleem, J. Chromatogr. Sci., 7 (1969) 

614-622.

Contact Information

We are investigating making optimization kits available to allow conversion of 

standard HPLCs for high throughput separations. For more information and 

additional data, please leave your business card or visit www.selerity.com. 
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Synthetic Mix

Analysis Conditions:

Fast Gradient

Detector: PDA 254 nm

Velocity: 7mm/sec

Injection Volume: 3 µL
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Analysis Conditions:

Fast Gradient

Detector: PDA 276 nm

Velocity: 7mm/sec

Injection Volume: 2 µL

Example: Compound Purity

High Quality and Fast

An isopropyl
sulfonamide
with >400 MW n-propyl

analog
(due to impurity

in starting 
material)

Fast separation data from Open Access LC/MS
(told us to look closely at NMR data to get 

answer)from a 10 year old system (except computer)

Example: Open Access - LC/MS
from a 10 year old system (except computer)
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Similar results 
on most any 
HPLC system.


