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The Use of the Online Two-dimensional Liquid Chromatography Coupled
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Abstract For screening test of the non-volatile compounds which migrate from food packaging materials into food-
stuffs, the traditional high performance liquid chromatography (HPLC) systems suffer from the lack of universal detector
with high sensitivity and universality and high efficiency HPLC separation column which provides complete separation
of complex mixtures into all individual substances. In this work, the use possibility of online two-dimensional liquid chro-
matography (2D-LC) system coupled with a charged aerosol detector (CAD), a universal detector, was reviewed. 2D-LC
system permits to improve peak capacity and resolving power for complex mixtures. Charged aerosol detector (CAD)
offers a new feasibility for detection of any non-volatile compounds with high sensitivity and constant response factor
in a calibration range. The combination of size exclusion chromatography (SEC) and normal phase HPLC (NP-HPLC)
is most frequently used for the separation of the natural and synthetic polymers which are mainly used as raw materials
for the manufacture of food packaging materials. However, there is no commercial software available for data acquisition
and handling and therefore the quantification in 2D-LC analysis is still rare.
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Fig. 1. Geometric orthogonality concept. Hypothetical separation of 100 analytes in 10 x 10 normalized space. (A) Nonorthogonal sys-
tem, 10% area coverage represents 0% orthogonality. (B) Hypothetical ordered system, full area coverage. (C) Random, ideally orthog-
onal system, area coverage is 63% representing the 100% orthogonality®.
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Fig. 2. Demonstration of the weakness of the correlation coefficient as a metric of separation space utilization in 2D-LC systems
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Table 1. 2D-LC combinations using SEC and NP for the separation and characterization of polymers.

1** Dimension 2" Dimension Detection Application Reference
NP-IE THF-hexane SEC THF uv Styrene-methacrylate 24
(co)polymers
Poly (methyl methacrylate)
NP-IE ACN-DCM SEC THF UV, ELSD (PMMA) 25
NP-IE | THF-Cyclohexane | SEC THF Uy, ELsp  |Puty! acrylate grafied onto poly |,
(styrene-butadiene)
NP-GE Trichloromethane- SEC Trichloromethane- UV, RI, ELSD Methyl methacrylate' grafted onto 27
Cyclohexane Cyclohexane polybutadiene
Heptane-DCM and Styrene-methacrylate
NP-GE DCM-Methanol SEC Chloroform UV, IR (co)polymers 28

GE : Gradient elution, IE : Isocratic elution
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Conditions
Mobile phase

Chromatogram A : Dichloromethane (50%) / n-Hexane (50%), Isocratic

Chromatogram B : Dichloromethane (50%) / n-Heptane (50%), Isocratic

Column
Oven temperature : 35°C, Flow rate
Injection volume : 10 pl Detection

Column: Shodex Semi-micro SEC column, KF-401 HQ (250 x 4.6 mm, 3 pum)
: 2 ml/min,
: UV 240 nm
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Fig. 5. Diagram of the flow of information as it is collected and
analyzed in a comprehensive 2D separation experiment.
Step 1 shows that the collection and transfer of aliquots of first
dimension column effluent and subsequent separation in the
second dimension column produces a series of sequential sec-
ond dimension chromatograms collected as one string of data.
Steps 2 and 3 show how the sequential second dimension chro-

matograms can be reshaped to produce a variety of different
representations of the 2D chromatogram'?.
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Conditions
Mobile phase Chromatogram A : Dichloromethane (30%) / n-Heptane (70%), Isocratic
Column : Phenomenex, Diol column (LiChrospher Diol 250 x 4.6 mm, 5 pum)
Oven temperature : 40°C, Flow rate : 2 ml/min, Injection volume : 25l
Detection uv : 240 nm
CAD : Gas pressure 35 psi, none filter mode, 100pA range
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