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This application brief assesses the performance of the Waters Arc HPLC System for Gel Permeation 

Chromatography (GPC), also known as Size Exclusion Chromatography (SEC) of polyethylene 

oxide/polyethylene glycol (PEO/PEG). 

Benefits

The Arc HPLC System, running Empower 3 Software, delivers precise flow rate to obtain accurate, 

reproducible peaks in GPC analysis

■

The Ultrahydrogel Linear Column provides polymer size exclusion separation nominal 7 million 

Daltons

■

Introduction

Gel permeation chromatography requires a high-performance liquid chromatography (HPLC) system 

that delivers precise flow and reproducible results. The GPC technique plots retention time against 

the log of the molecular weight, thus, the pump must produce a consistent isocratic flow to provide 

reproducible chromatographic peaks.1 The most often used method for determining the molecular 

weight of an unknown sample is by comparing the sample against a relative calibration curve of 

narrow molecular weight polymer standards.2



Experimental

The flow rate is one of many listed Arc HPLC GPC method parameters in Table 1. This application 

uses polyethylene glycol and polyethylene oxide standards (PEG/PEO) for the calibration curve 

(Figure 1).

Table 1. Method parameters table.





GPC Calibration Table

Figure 1 and Table 2. Relative calibration curve using PEG/PEO narrow molecular weight 

calibration standards with the resulting table of retention times, calculated weight, and 

% residual values.

The excellent flow rate precision of the Arc HPLC Pump is demonstrated in an overlay of six 

injections of a PEO/PEG mixed molecular weight standard as shown in Figure 2. Relative standard 

deviations of the peak retention time and peak molecular weight (Mp) at <0.3% are obtained on a 

Waters Arc HPLC System using two linear GPC columns and a 30-minute run time (Table 3 and 4).



Figure 2. Six injections of the PEO/PEG calibration standard.





Table 3 and 4. Empower 3 data report from six injections of the yellow cap PEO/PEG calibration 

standard peak retention time and peak molecular weight (Mp).



Figure 3. Molecular weight distribution and %Cumulative of the 227 kDalton PEO/PEG calibration 

standard are depicted as an example of one of the automatically calculated features of the Empower 

3 GPC option.

Empower 3 has many built-in features that enable sophisticated reporting of data usually done in 

spreadsheets. A popular reporting area is column plate count, which is included with the system 

suitability feature. By reporting the column plate counts, the column efficiency can be charted and 

observed for any changes in performance (Table 5). 

Table 5. Empower 3 calculated peak fields.

Results and Discussion

The Arc HPLC with Empower 3 Software is a very capable GPC data processing tool for fundamental 



and complex chromatograms and calculations. In this experiment, the fundamental GPC calculations 

are demonstrated. The narrow PEO/PEG standards are used as calibration standards, and as broad 

unknowns for this experiment. The choice of method and standards used in this application are 

common for aqueous GPC of polymers like carbohydrates.3 The linear Ultrahydrogel Column is 

chosen for a wide molecular range nominal to seven million Daltons, and two of the same column 

are used for higher resolution of polymer peaks.4  The Empower 3 Software’s partial list of 

reportable peak result fields includes Mn, Mw, Mp, Mz, Mz+1, and polydispersity (Table 5). Relative 

and modified universal calibration types employing point-to-point and first- through fifth-order fits 

are available, and an example of relative calibration is shown in Figure 1.

Conclusion

The Arc HPLC Pumps in isocratic mode provide the excellent flow precision necessary for high-

quality gel permeation chromatography.

All basic GPC calculations can be calculated using the Empower 3 Software with the GPC option, and 

numerous complex GPC calculations are accessible.

Short analysis time of 30 minutes was demonstrated using two linear columns.
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