
The E"ects of Selectivity and Resolution on 
Column Loadability using Re#ect$ I-Cellulose B

Introduction  

High pressure liquid chromatography (HPLC) is used 
routinely in analytical work"ows to identify and quantify 
the components of complex mixtures.  Frequently, 
in order to generate accurate quantitative results, 
chromatographic peaks must be adequately separated 
from one another.  The general resolution equation (Eq. 
1) shows that peak separation is primarily a function of 
two parameters, column e#ciency (N) and selectivity ($).  
In the case of e#ciency, peak resolution can be a%ected 
by column length, particle size, and, to some extent, 
mobile phase linear velocity. Often, selectivity, the ratio 
of the relative retention times of two peaks (Eq. 2), plays 
a more signi&cant role in achieving a desired separation.  
Selectivity is most easily a%ected through changes in 
mobile phase composition or column chemistry (i.e. 
the stationary phase). The example in Figure 1 shows 
the chiral separation of racemic diclofop-methyl on 
two di%erent immobilized polysaccharide-based chiral 
stationary phases (CSPs). When the racemate is injected 
onto Re"ect I-Amylose A with 80/20 n-hexane/ethanol, 
no resolution is observed. Changing the mobile phase 
composition to 80/20 n-hexane/isopropyl alcohol a%ects 
the separation only slightly, but baseline resolution is 
achieved by switching the column to Re"ect I-Cellulose 
B. When using 80/20 n-hexane/ethanol and 80/20 
n-hexane/isopropyl alcohol, resolutions (Rs) of the 
enantiomers are 3.50 and 8.58, respectively.

It is notable that not all HPLC columns that feature the 
same phase chemistry can be expected to perform 
identically.  In some cases, the surface chemistry of 
the underlying silica support and/or the chemistry 
used to attach the phase to the support will a%ect 
chromatographic parameters such as retention, peak 
shape, and selectivity.  With polysaccharide-based CSPs, 
this phenomenon can be considered in at least two ways.

Firstly, it is possible to compare the separation of 
enantiomers using both the coated and immobilized 
versions of columns that use the same chiral selector.  For 
example, Re"ect C-Cellulose B is a coated cellulose tris(3,5-
dimethylphenylcarbamate), and Re"ect I-Cellulose B 
is an immobilized version of the same phase.  In many 
instances, the coated and immobilized versions provide 
similar separations.  In some cases, though, the coated 
and immobilized versions o%er unique selectivities, 
even when operating with the same method conditions.  
This is illustrated by two examples in Figure 2.  Racemic 
bromacil has a resolution of 0.74 with C-Cellulose B 
when operated with 80/20 n-hexane/isopropyl alcohol, 
while only slight resolution is achieved with I-Cellulose B.  
The situation is opposite with the separation of racemic 
dylox; C-Cellulose B shows no resolution of the peaks, 
while I-Cellulose B gives a resolution of 0.93.

Equation 2. Selectivity equation

Equation 2. General resolution equation
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Figure 1. Di%erences in selectivity for the separation of racemic 
diclofop-methyl as a function of column phase chemistry and mobile 
phase composition. 25 cm x 4.6 mm; 5 'm; 1.5 mL/min.
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Secondly, it is possible to compare the separations of 
enantiomers using columns from di%erent manufacturers 
that have the same immobilized version of the same 
chiral selector. Figure 3(a) shows the separations of 
racemic lorglumide on Re"ect I-Cellulose B and a leading 
competitor column, both of which feature immobilized 
cellulose(3,5-dimethylphenylcarbamate). Using the 
conditions listed in the &gure caption, the resolution 
values (Rs) were 7.59 and 4.53 with Re"ect I-Cellulose B 
and the competitor column, respectively.

Another comparison is made in Figure 3(b) with the 
separation of racemic 1-acenaphthenol using 60/40 
n-hexane/dichloromethane. Since both columns feature 
immobilized polysaccharide-based selectors, the range 
of organic solvents that can be employed is greatly 
expanded over those that can be used with coated phases. 
Solvents such as dichloromethane, chloroform, acetone, 
ethyl acetate, and THF can swell or dissolve coated 
polysaccharide phases but are perfectly compatible with 
immobilized versions. As shown, the resolutions are 5.52 
and 3.48 with Re"ect I-Cellulose B and the competitor 
column, respectively.

A third comparison is made in Figure 3(c) for the separation 
of alprenolol using supercritical "uid chromatography 
(SFC). Like HPLC, SFC can be used in the analytical 
determination and quanti&cation of compounds, and 
it can sometimes o%er advantages in terms of speed 
of analysis, lower solvent consumption, and unique 
selectivity over HPLC. Despite exhibiting lower retention, 
Re"ect I-Cellulose B o%ers better peak resolution (5.52) 
than the competitor column (2.71).
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Figure 2. Examples of selectivity di%erences o%ered by the coated and 
immobilized versions of a cellulose(3,5-dimethylphenylcarbamate) 
chiral selector. 25 cm x 4.6 mm; 5 'm; 1.5 mL/min.

0 2 4 6 8

Time (min)

1-Acenaphthenol

CHIRALPAK IB
Rs = 3.48

Reflect I-Cellulose B
Rs = 5.52

(b)

Figure 3. Comparisons of the selectivities observed with 25 cm x 
4.6 mm; 5 'm immobilized cellulose(3,5-dimethylphenylcarbamate) 
columns from di%erent manufacturers.  (a) 80/20/0.1 n-hexane/
ethanol/tri"uoroacetic acid; 1.5 mL/min. (b) 60/40 n-hexane/
dichloromethane; 2.0 mL/min. (c) 90/10 carbon dioxide/
methanol+0.2* diethylamine; 3.0 mL/min; 150 bar; 30 :C.  
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The mechanisms of chiral discrimination, and the 
ultimately observed peak resolutions, involve attractive 
interactions of the analyte with the derivatization moiety 
(e.g. dimethylphenylcarbamate) and inclusion within 
the chiral helical cavities of the higher-order cellulose 
polymer structure.  Factors such as the strategies used 
to immobilize the derivatized polysaccharide, which 
can a%ect the higher-order structure, and the nature 
of the underlying silica may account for the observed 
di%erences between the separations performed on 
Re"ect I-Cellulose B and the competitor column.  
Those things considered, it is likely that the resolutions 
observed on both columns in these three examples 
are su#cient for the development of accurate and 
robust analytical methods.  In cases such as these, the 
improved resolutions and higher selectivities o%ered by 
Re"ect I-Cellulose B are more signi&cant when scaling to 
preparative chromatography methods, either HPLC or 
SFC.

The goals of preparative chromatography are the 
isolation and puri&cation of desired chemical products.  
The scale of the desired material may vary signi&cantly 
according to its intended purpose. In cases where small, 
milligram quantities are desired, analytical-scale columns 
(e.g. 4.6 mm i.d.) may be suitable for the job. When gram 
to kilogram quantities are needed, larger columns are 
better suited to the task.  Even in these latter cases, 
initial chromatographic method development is likely 
to be carried out on the analytical scale to avoid wasting 
valuable material.

Initial analytical-scale development should focus on 
&nding a suitable column phase chemistry and optimizing 
chromatographic conditions with respect to resolution 
and selectivity. Once these have been identi&ed, a loading 
study should be performed. As increasing amounts 
of sample are loaded on the column, peaks become 
increasingly broad and unsymmetrical, eventually 
resulting in regions of coelution.  In general, higher initial 
resolution (or selectivity) permits for more sample to be 
loaded on column before peak purity is compromised 
by regions coelution. Higher sample loading results in 
higher throughput, the amount of material puri&ed per 
unit time. Once the method and loading conditions have 
been determined on an analytical column, the method 
can be linearly scaled to larger semi-preparative or 
preparative column dimensions.

The relationship between initial resolution (i.e. in non-
overloaded conditions) and sample loadability was 
explored with the three chiral separations shown in 
Figure 3 using 25 cm x 4.6 mm; 5 'm Re"ect I-Cellulose 
B and competitor columns.  Figure 4 shows the overlaid 
chromatograms for both columns as the mass of racemic 
lorglumide loaded on column increases. As more 
material is loaded, peaks become increasingly wide and 
unsymmetrical while the maximum peak height shifts 
to earlier and earlier elution times. Resolution (Rs) was 
calculated according to statistical moment analysis and 
plotted against mass load in Figure 5. Ultimately, the 
acceptable resolution value and corresponding maximum 
load will depend on the goals of the puri&cation. For 
example, if material is precious and high peak purity is 
desired, a minimum resolution of 2.0 might be used. In 
that case, approximately 30* more racemic lorglumide 
per sample injection can be loaded on Re"ect I-Cellulose 
B than the competitor column.
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Figure 4. Overlays of chromatograms observed for 1, 2, 5, 10, 20, 50, 
and 100 'L of lorglumide (34 mg/mL) on Re"ect I-Cellulose B and 
CHIRALPAK IB.  25 cm x 4.6 mm, 5 'm; 80/20/0.1 n-hexane/ethanol/
tri"uoroacetic acid; 1.5 mL/min. 
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Figure 5. Resolution vs. mass of lorglumide loaded on Re"ect 
I-Cellulose B and CHIRALPAK IB. 






