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How do I calculate loading from an isocratic run?

The sample loading may be estimated via a calculation. An example spreadsheet that 

facilitates the calculations is shown below. “Peak 1” in the calculations below refers to 

the first eluting peak of interest, while “Peak 2” refers to the second eluting peak. The 

numerical values are from the run shown below.

Find the nearest impurity (eluting either prior to, or after, the desired compound) and 

note the starting and ending times for this peak. 

Note the starting and ending times for the peak containing the desired compound.  

On CombiFlash® systems, this is determined by simply touching the screen and noting 

the time at the touch point.

Subtract the start time from the end time to find the peak widths for each peak (Wp).  

Subtract the time of the end of the first eluting peak from the end of the second eluting 

peak to get the maximum peak width (Wmax) which is the maximum peak width that “uses” all the available resolution. This corresponds to the maximum width for 

the second eluting peak of interest. As shown earlier, peaks tend to creep earlier so we define the maximum peak width from the second peak. 

Calculate the allowable increase in the peak 2 width (Wmax- Wp2) and multiply this value by 15 (the 15% rule, labeled as “Rule” in the sample worksheet) to make a 

multiplier applied to the original injection volume.

Multiply this volume by 1 minus the peak correction to create the maximum injection volume. This correction allows for column overloading and consequent 

“peak creep” which did not occur in this study. (So in this case, peak correction is 0.0.) Two possible reasons for this are that the run is isocratic, intended for 

stacked injections, and the use of modifier stream injection. Modifier stream injection loads the sample on the column at the same solvent composition which 

elutes the compound. Under isocratic conditions, the front of the injection is already eluting down the column while parts of the injection are still in the loop.

 Continued on next column
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Conclusions
•  SFC-method development is as easy as any other chromatography technique.

•  Scouting gradients allow fast screening of columns and solvents to determine the combination that 
provide the best peak shape and resolution. Scouting gradients can be run on an analytical or 
preparative system.

•  After the best scouting gradient is chosen, it is very easy to calculate an isocratic or focused 
gradient method.

•  Sample loading can be estimated from peak width data. This is useful for optimizing stacked 
injections so that each injection uses the most sample possible.

Abstract
A workflow is suggested for preparative supercritical fluid chromatography (SFC) to purify synthesized compounds. In addition to verifying 

that the reaction ran as expected, scouting gradients using an analytical SFC system are used to evaluate the resolution of compounds, which 

suggests how much sample can be loaded. Di�erent columns and solvent systems are tested with scouting gradients to find the combination 

giving the best resolution. The peak shape can also be evaluated, which might indicate that the sample needs purification with an additive. The 

scouting gradient retention time is used to calculate either a focused gradient or an isocratic method that can be used for stacked injections. 

An estimate of the amount of sample that can be loaded is determined using peak width data from the test isocratic run prior to final configuration 

of the stacked injection. The scouting gradient data and the amount of sample to be purified can be used to suggest whether the sample needs 

pre-purification processes such as flash chromatography, a focused gradient, or if a stacked injection is suitable. The suggested workflow is 

amenable to automation, which allows purification of compound libraries.

Background
Purification is needed to purify desired compounds from impurities such as side-reactions, un-reacted starting compounds, and other impurities. 

A purification method gaining acceptance is SFC. This chromatography generally uses supercritical carbon dioxide as the weak solvent with 

the strong solvent being a polar organic solvent such as ethanol. As such, SFC is a normal phase technique and, like flash chromatography, 

can use silica gel columns. SFC is used for chiral and achiral purification. Method development for both chiral and achiral purification starts 

with column and solvent screening accomplished with scouting gradients. Scouting gradients provide information about compound purity 

and resolution between peaks of interest for a given column and solvent system. Peak shape observed from a scouting gradient suggests 

whether a solvent modifier (in SFC, additive) is needed, and the retention time can be used to calculate a focused or isocratic gradient method.1

Supercritical chromatography has some unique features that distinguish it from other chromatography:

• Reuse of carbon dioxide produced in other processes.

• As carbon dioxide is non-polar, it replaces hexane and other organic solvents, reducing waste. These solvents are often burned after use in 

academic labs2—and presumably industrial labs as well—so reducing the use  of organic solvents reduces the creation of new carbon dioxide.

• Carbon dioxide, although non-polar, is polarizable. The use of carbon dioxide reduces the need for chlorinated solvents for purification. 

Compounds such as xanthine alkaloids, commonly purified with chlorinated solvents, are resolved with SFC with no solvent additives. The 

curcumin compounds presented later in this poster were purified using chlorinated solvents on silica gel,3 yet only used carbon dioxide 

and methanol for SFC.

• Large choice of columns. Although SFC is normal phase, there are a many available columns that are usable to purify compounds with 

di�ering selectivity.

The workflow describes removes one obstacle to wider use of SFC: how do I do method development?

SFC runs used an ACCQPrep® SFC or an ACCQPrep® HP150 equipped with a PurIon™ mass spectrometer and ELSD (Teledyne ISCO, Lincoln, NE) 

using RediSep® Prep columns (Teledyne ISCO).

Experimental and Results
Column screening and calculation of an isocratic method

The same gradient method is run on several di�erent columns to determine the best column to use based on retention, resolution, and peak shape. The example 

below used an extract of curcumin that was pre-purified on flash chromatography (CombiFlash NextGen 300+ with a 50g RediSep Gold® C18 column, water/0.1% 

formic acid-methanol gradient) which eluted as a single peak.

The purified material was evaluated on silica, diol, 4-ethylpyridine, and a polyethylenimine (PEI) column. The PEI column resolved the mixture into individual peaks. 

Methanol was used as the co-solvent in all runs.

Column /solvent screening and calculation of 
a focused gradient

SM-102 is a synthetic lipid used in mRNA vaccines. It is 

commonly run on reverse phase. SFC scouting gradients 

were run using silica gel (ethanol, methanol with 50 mMol 

ammonia) and diamine (ethanol). 

Loading Calculations

The diamine column provided the best peak shape in the focused gradient with ethanol. A focused gradient was calculated that allowed 

purification of SM-102 with no additives and excellent resolution from impurities.

 1 Silver, J. “Overview of Analytical-to-Preparative Liquid Chromatography Method Development.” ACS Combinatorial Science, 2019, 21 (9), 609–613. DOI: 10.1021/acscombsci.8b00187 

2 Boerner, L. K. “Most Solvent Waste from US Academic Labs Ends up in the Air.” C&EN Global Enterprise 2024, 102 (21), 28–32. DOI:10.1021/cen-10221-cover2.

3 Heffernan, C., Ukrainczyk, M., Gamidi, R. K., Hodnett, B. K., & Rasmuson, Å. C.  “Extraction and Purification of Curcuminoids from Crude Curcumin by a Combination of Crystallization and Chromatography.” 
  Organic Process Research & Development, 21(6), 821-826 

Stacked injection of curcumin compounds after loading 
optimization. 10 injections within 45 minutes.
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Injections of sulfa drugs as a function 

of volume (left). The 1.0 and 1.5 mL 

injections (right) The 1.0 mL injection 

shows baseline resolution (green line) 

while the 1.5 mL injection shows slight 

peak overlap, suggesting the calculated 

1.17 mL loading is an optimal load.
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4-Ethylpyridine

Scouting Run
PEI

PEI Isocratic 
Method

What is the time-on-Target algorithm?

The Time-on-Target algorithm determines the apparent gradient 

delay needed to cause elution of a compound at a desired time 

in a focused gradient or isocratic solvent method for a given 

scouting gradient. The desired retention time generally resolves 

the active compound from impurities. An isocratic run of a model 

compound is used to determine the desired retention time. The 

solvent composition used to elute this compound is used to 

determine the apparent gradient delay for a given scouting run. 

Compounds to be purified are run with the same scouting 

gradient. The apparent gradient delay is applied to the retention 

of those compounds to calculate a focused or isocratic gradient 

method for purification as shown for the purification of 

1-(Azidomethyl)-3,5-bis-(trifluoromethyl)benzene below.

Although initially used for calculating gradients for preparative 

HPLC from analytical scouting runs, the algorithm works very 

well for flash chromatography and also for SFC. So long as the 

scouting gradient is run on columns of the same dimensions 

with the same gradient method (gradient range, time, and flow 

rate), the same apparent gradient delay applies for di�erent 

column types and solvents. This means screening columns and 

solvents for retention and resolution also allows rapid method 

development. This algorithm is incorporated into Teledyne ISCO 

purifications systems as the Focus Gradient Generator.

Analytical scouting gradient of synthesized 1-(Azidomethyl)-3,

5-bis-(trifluoromethyl)benzene. The green line depicts the 

apparent gradient. A RediSep Prep 2 x 50 mm C18 column 

was used with an Agilent UH PLC system.

Preparative run of the compound run in Figure 3 using a gradient 

calculated on a Teledyne LABS HP150 HPLC system using the 

analytical scouting run and the apparent gradient delay 

determined above. One gram of sample was loaded on a 

RediSep Prep 20 x 150 mm column.
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2.10 min
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 Injection Peak 1 Peak 2 Peak 1 Peak 2 Max  Width  Rule Ideal Load  Ideal Injection  Peak Creep  Injection 
 Volume   width width width Increase  Scale-up Volume Correction Volume

  Start End Start End     Wmax            

  P1Start P1End P2Start P2End P1End- P2End- P2End- WMax-  Rule * Width  Ideal Load Scale-   Empirically  Ideal Injection 
     P1Start P2Start P1End WidthP2

  Increase up * Injection determined Volume *(1- Peak 
             Creep Correction)

          (2.51- (3.40- (3.40- (0.89- 15 (0.39*15) (5.85*0.2) 0.0 (1.17*(1-0.0))
     2.10) 2.90) 2.51) 0.50)

        0.2 2.10 2.51 2.90 3.40 0.41 0.50 0.89 0.39   5.85 1.17   1.17

Calculated 
from Scouting 

Run

SM-102 run on 
RediSep Gold C18, 
0.1% formic acid, 
with acetonitrile

Silica 
Methanol 
50 mMol NH3

Silica 
Ethanol Scouting 
Gradient

Diamine 
Ethanol Scouting 

Diamine Ethanol
Focused Gradient  
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NOTE: Although scouting runs were run on an ACCQPrep SFC, 

they could be run on an analytical system and still calculate the 

isocratic or focused gradient methods.


