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Introduction
Although world reserves of conventional hydrocarbon feedstock 

are big, they are not inexhaustible and are being rapidly depleted 
[1]. This is why technologies for the production of fuels and valuable 
chemicals from alternative and renewable sources are under 
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efficiency. Nevertheless, good separations are not observed under the 
conditions of GC × GC. This effect can be explained as follows. It is 
known that the second column in two-dimensional chromatography 
operates at the flow rates strongly exceeding the optimal value. Earlier 
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A much better separation for the 2,4Me-phenol/4Me-phenol pair 
on IL can be attributed to a higher polarity of phases with IL (last 
column in Table 1). Separation for the 4Me-phenol/3Me-phenol pair 
is slightly better in the case of ZB-WAX column. This may be related 
to a higher efficiency of this column, because its selectivity for polar 
compounds was shown to be lower as compared to IL columns [15]. 

Separation of the toluene extract of bio-oil on 2MPyС9 
column in the first dimension 

Now it is clear that the GC × GC separation of a mixture of aromatic 
and phenolic compounds should be performed using a combination 
of polar/non-polar columns. Let us consider the separation of bio-oil 
products.

Bio-oil is a mixture of liquid products that are produced by 
thermolysis of hemicellulose, cellulose and lignin as the components 
of biomass. Thermal decomposition products of hemicellulose 
and cellulose are carbohydrates and carbonyl compounds. Lignin 
decomposes mostly into phenolic compounds, particularly guaiacol 
and its derivatives [11]. Among various products constituting BO, only 
the phenolic compounds can be subjected to GC analysis, because the 
other compounds are thermally unstable or non-volatile.

Components of the extract were separated using 2MPyC9/HP-5 
columns, which showed the best results in separation of coal pyrolysis 
products. The resulting separation pattern is displayed on Figure 5.

One can see that separation of bio-oil is more difficult as compared 
to separation of coal pyrolysis products. The reason is that the main 
substances in the mixture to be separated have close chemical features. 
Nevertheless, a combination of 2MPyC9/HP-5 columns makes it 
possible to perform a successful separation. It is seen that the group of 
phenols is close to the group of guaiacol derivatives. However, phenols 
are well separated within their group because the IL phase is highly 
selective for phenols. 

Conclusion
It was shown that in comprehensive two-dimensional 

chromatography the use of columns with pyridinium ILs in the first 

dimension ensures good separations for the analysis of pyrolysis 
products of coal and biomass. In the analysis of coal pyrolysis 
products, the suggested approach provides a much better resolution 
between components in comparison with a less polar first-dimension 
column (ZB-WAX). Therewith, group analysis can be performed: the 
regions corresponding to phenolic compounds and diaromatics can 
be distinguished on a chromatogram. A good selectivity is observed 
within the group of phenols. In the analysis of bio-oil sample, the 
groups of phenols and guaiacol derivatives are distinguished with good 
resolution of substances within each group.
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Diaromatics/
Phenol

2,4Me-phenol/

4Me-phenol

4Me-phenol/

3Me-phenol

McReynolds 
polarity [15]

2MPyC9 6.18 3.80 1.55 92
4MPy 4.78 3.58 1.58 84

ZB-WAX 3.18 0.33 1.95 51

Table 1: Resolution of pairs of substances in GC × GC separation using the first 
column with IL or ZB-WAX and the second HP-5 column. 

http://www.sciencedirect.com/science/article/pii/S0301421501001446
http://www.sciencedirect.com/science/article/pii/S0301421501001446
http://www.sciencedirect.com/science/article/pii/S0926669013005451
http://www.sciencedirect.com/science/article/pii/S0926669013005451
http://www.sciencedirect.com/science/article/pii/S0926669013005451
http://www.sciencedirect.com/science/article/pii/S0926669013005451
http://www.sciencedirect.com/science/article/pii/S001623611300519X
http://www.sciencedirect.com/science/article/pii/S001623611300519X


Citation: Shashkov MV, Sidelnikov VN (2016) Separation of Phenol-Containing Pyrolysis Products Using Comprehensive Two-Dimensional 
Chromatography with Columns Based on Pyridinium Ionic Liquids. J Anal Bioanal Tech 7: 313. doi:10.4172/2155-9872.1000313

Page 5 of 5

Volume 7 • Issue 3 • 1000313
J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal 

16.	Qi M, Armstrong DW (2007) Dicationic ionic liquid stationary phase for GC-
MS analysis of volatile compounds in herbal plants. Anal Bioanal Chem 388:
889-899.

17.	Vidal L, Riekkola ML, Canals A (2012) Ionic liquid-modified materials for solid-
phase extraction and separation: a review. Anal Chim Acta 715: 19-41.

18.	Omais B, Courtiade M, Charon N, Thiébaut D, Quignard A, et al. (2011)
Investigating comprehensive two-dimensional gas chromatography conditions
to optimize the separation of oxygenated compounds in a direct coal liquefaction 
middle distillate. J Chromatogr A 1218: 3233-3240.

19.	Antle P, Zeigler C, Robbat A Jr (2014) Retention behavior of alkylated polycyclic 
aromatic sulfur heterocycles on immobilized ionic liquid stationary phases. J
Chromatogr A 1361: 255-264.

20.	Oasmaa A, Kuoppala E, Solantausta Y (2003) Fast pyrolysis of forestry residue. 
2. Physicochemical composition of product liquid. Energy Fuels 17: 433-443.

21.	Shashkov MV, Sidel’nikov VN (2012) Single cation ionic liquids as high polarity 
thermostable stationary liquid phases for capillary chromatography. Russ J
Phys Chem A 86: 138-141.

22.	Seeley JV, Seeley SK, Libby EK, Breitbach ZS, Armstrong DW (2008) 
Comprehensive two-dimensional gas chromatography using a high-temperature 
phosphonium ionic liquid column. Anal Bioanal Chem 390: 323-332.

23.	Dutriez T, Courtiade M, Thibaut D (2009) High-temperature two-dimensional 
gas chromatography of hydrocarbons up to n

1


	Title
	Corresponding authors
	Abstract
	Keywords
	Introduction
	Experimental
	Objects of separation: Sample preparation  
	Columns used in the study 
	GC × GC analysis 
	Separation conditions 

	Discussion
	Analysis of coal pyrolysis products on HP-5/2MPyC9 columns 
	Analysis of coal pyrolysis products with IL as the first-dimension column  
	2D resolution 
	Separation of the toluene extract of bio-oil on 2MPyС9 column in the first dimension  

	Conclusion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	References

