
The comprehensive landscape: from GCxGC to LCxLC (and back) 
Tadeusz Górecki 
 
Chromatographic separation techniques have been extremely successful in numerous 
applications. However, even the best one-dimensional methods often fail to provide good results 
when the samples are very complex. Comprehensive multidimensional separation techniques, 
including comprehensive two-dimensional gas (GC×GC) and liquid chromatography (LC×LC), 
address numerous issues that conventional one-dimensional (1D ) methods suffer from. Chief 
among them are limited selectivity and peak capacity of 1D separations. Both GC×GC and 
LC×LC rely on repeated collection of fractions of the analytes eluting from the first column and 
their reinjection into the second column of different selectivity. In GC×GC, this is accomplished 
with the help of special interfaces called modulators; in LC×LC, the modulation process is 
typically carried out using standard multiport valves and sampling loops. Overall, modulation in 
GC×GC is significantly more complicated than in LC×LC, but separation of the individual 
fractions in the second dimension is very straightforward as it is carried out under practically 
isothermal conditions. On the other hand, most LC×LC second dimension separations are 
carried out using various types of gradient elution, which makes them more complicated and 
puts a limit on practically attainable modulation period lengths. In our research, we have been 
trying to address the limitations of both techniques. For example, we have developed several 
new modulators for GC×GC and introduced a new mode of operation of the technique, so-called 
stop-flow GC×GC. We have also spearheaded the effort to use the best ideas from GC×GC in 
LC×LC, and vice versa. In this context, we have pioneered the use of temperature programming 
of the second dimension in GC×GC, and have been strongly advocating for the use of parallel 
gradients in LC×LC separations. The talk will present an overview of our past research and the 
latest results obtained using both techniques. 
 


