
Tips & Tricks GPC/SEC:  Strategies to Save Solvent

Tetrahydrofuran (THF) — a widely used solvent in gel permeation 

chromatography/size-exclusion chromatography (GPC/SEC) — is set  to 

be classifi ed as carcinogenic as proposed by the Committee for Risk 

Assessment (RAC). Analytical laboratories therefore need to fi nd ways 

to reduce THF solvent use and waste, far beyond the demands of green 

chemistry. This instalment of Tips & Tricks presents different strategies 

to meet this goal. 

Jasmin Preis and Daniela Held, PSS Polymer Standards Service GmbH, 
Mainz, Germany.

Resolution in gel permeation chromatography/

size-exclusion chromatography (GPC/SEC)

depends on two parameters — the 

available pore volume and the dispersion 

in the system as indicated by the plate 

count. It is common practice in GPC/SEC

to combine several columns in a column 

bank to increase resolution and molar 

mass separation range; however, 

this increases analysis time, solvent 

consumption, and waste. Here, we 

present a number of ways to perform 

environmentally friendly GPC/SEC.

Overlaid Injection

Overlaid injection introduces a sample 

onto the column while the previous 

sample is still eluting from the column. 

The maximum amount that the samples 

can be overlaid is equivalent to the 

interstitial volume of the column. Using 

overlaid injection can reduce solvent 

consumption by 25–35% and is an elegant 

way to save time. The big advantage of 

this is that it does not sacrifice resolution 

and can be performed with columns from 

all manufacturers.

Figure 1 shows an example of an overlaid 

injection with UV and light scattering 

data for two samples. The first sample 

elutes with the internal flow marker 

around 12.5 mL (min); however, the next 

sample PS 1124a is already injected after 

approximately 8.25 mL (min). If software is 

used correctly, overlaid injection does not 

affect the data evaluation of results.

Column Concepts 

Reducing particle size can increase 

resolution in GPC/SEC as in P
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ultrahigh-pressure liquid chromatography 

(UHPLC), saving time and solvent, but it 

is still a concept under investigation. In 

the case of macromolecules, for example, 

forcing high molar mass or stiff polymer 

chains through an LC system at very high 

pressure can result in chain degradation 

and will generate results only for the 

fragments.1 Despite this, many applications 

for oligomers or spherical and stable 

macromolecules can be transferred to newer 

solutions. Depending on the GPC/SEC 

equipment two approaches can be applied: 

a)  Continue to use traditional analytical 

Figure 1: Overlaid injection example. Before the system peaks and the internal standard (light 
green triangle) of “PS 280 br” are eluted, the next sample “PS 1124 a” is already injected at 
8.5 mL (blue triangle). The analysis and data evaluation of sample “PS 280 br” is not affected 
by that; baseline and integration limits can be set as required by national and international 
GPC/SEC guidelines, for example, ISO 13885/DIN 55672.
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columns with an internal diameter of 

approximately 8 mm and fi lled with 

particles of the same chemistry and pore 

size, but a different particle size. Figure 2 

compares the resolution of a polystyrene 

oligomer on styrene-divinylbenzene 

material with different particle sizes. 

Using 3-µm particles allows separations 

with the same or better resolution on just 

one or two analytical columns instead 

of three. This decreases the amount of 

solvent and waste signifi cantly. 

b)  Even more solvent can be saved when 

the internal diameter of the columns is 

Figure 2: Resulting molar mass distribution for a polystyrene mixture of four different molar 
mass calibrants including an oligomer mixture. For one styrene-divinylbenzene column (8 × 
300 mm, 3-µm) a better resolution can be achieved in less time and using less solvent than 
when using a combination of three 5-µm styrene-divinylbenzene columns with a comparable 
pore size distribution.  
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reduced from 8 mm to around 4.6 mm; 

however, the cell volume of a lot of 

traditional GPC/SEC detector cells is 

too large to profit from the enhanced 

separation using semi-microcolumns. 

While UV–vis detectors are, in general, 

ready for these applications, either 

upgrade of existing refractive index 

detectors (RI) or purchase of new, 

optimized µRIs, light scatterings 

detectors, or viscometers is required. 

Figure 3 shows how the excellent 

resolution of microcolumns gets lost 

when analytical RI detectors are used 

for detection. Optimized µRIs provide 

much better results.  

Intelligent Calibration 

Another way that solvent can be saved 

is by using an intelligent approach to 

calibration. GPC/SEC calibration involves 

measuring the elution volume of several 

molar mass calibration standards. It is 

normally possible to inject a combination 

of three to four standards in the same 

injection if the standards differ significantly 

Figure 3: Comparison of the chromatogram of a polystyrene oligomer separated in 5.5 mL 
using micro columns and a standard RI detector (blue trace) versus an optimized µRI detector 
with smaller cell volume (green trace).
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Sample Prep Automation
On Your Mind? 
Talk to us - we are experts in automation for GC/MS 
and LC/MS. We listen and adapt our modular solutions 
to your requirements. Some examples: 
s�Food contaminants and allergens
s�Pesticide residues (QuEChERS)
s�Flavors, fragrances and off-fl avors
s�Migration from packaging and E&L
s�Emissions from polymers
s�Forensic analysis and metabolomics 
To automate your analysis, please contact us 
to determine the best solution for your lab.
 
What can we do for you?

Derivatization,
Addition of Standards,
Dilution, Calibration

Extraction, Filtration,
SPE, Evaporation 
(mVAP)

Thermal Desorption,
Dynamic Headspace
(DHS) and PYRO

MAESTRO PrepAhead
Productivity
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in molar mass. If the separation is 

sufficient, even more standards can be 

added and analyzed within the same 

run. A 10- to 12-point calibration curve 

can therefore be created with three 

injections or less, but care is required in 

choosing the correct concentration for the 

different molar masses.2 Mixtures of high 

quality reference materials with precise 

concentrations and molar masses are 

available as polymer cocktails pre-weighed 

into autosampler vials, eliminating the 

need to weigh in calibrants.

Detector Concepts

Multi-detection is one of the strengths 

of GPC/SEC — molar mass sensitive 

detectors, such as on-line viscometers 

(stand-alone or as part of a triple 

detection system), provide valuable 

information for many applications. All 

commercially available detectors apply the 

same major principle: they split the sample 

eluting from the column in a bridge 

design and compare the viscosity (or, more 

precisely, the pressure in the tubing) of 

the pure mobile phase with that of the 

sample. 

The viscosity of the pure solvent is 

measured using either hold-up columns 

or a reservoir filled with solvent. If a 

detector has a reservoir, the split part of 

the sample is diluted to zero concentration 

in that reservoir. If a detector uses hold-up 

columns, the split part of the sample is 

delayed while travelling through these 

hold-up columns. The delayed sample 

parts then elute after the system peaks of 

the sample. They are visible as negative 

peaks in the delta pressure signals of 

the viscosity detector. Therefore, the 

amount of solvent required per sample 

is much higher for viscometers with 

hold-up columns than for viscometers with 

reservoirs. 

Summary

There are several ways to save solvent and 

to avoid waste in GPC/SEC.
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consumption by 25–35%, without 

sacrificing the resolution; however, 

dedicated software is required.
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number of columns required for a 

good resolution is applicable for many 

applications of compact and low molar 

mass macromolecules. For example, 

applications in THF or other organic 

solvents can be transferred from 

5 µm styrene-divinylbenzene to 3 µm. 

Aqueous separations can be run on 

5 µm for typical water-soluble polymers 

or biopolymers, or 2–3 µm for proteins. 
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reduced internal diameter requires an 

adjustment of the cell dimensions of 

typical GPC/SEC detectors. For some 

RI detectors a detector modification is 

available. 
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the use of viscometers with a 

reservoir instead of hold-up columns 

halves the amount of solvent required 

because there is no need to wait for a 

negative peak.
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