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DESCRIPTION
Separation and characterization of complicated mixtures are
critical in many fields that demand exceptionally high separation
power. Three-dimensional separation methods can pave the way
to large peak capacities. Three-dimensional gas chromatography
and hyphenated combinations of two-dimensional gas
chromatography with liquid chromatography or supercritical-
fluid chromatography are addressed as online three-dimensional
separation methods. The requirement for bigger peak capacities
is driving researchers toward online three-dimensional liquid
chromatography, which gives precise information on complicated
materials.

Multidimensional separation methods are appealing and
commonly utilized in the separation of complicated data. Over
the last few decades, the boundaries of analytical sciences have
expanded to include the analysis of increasingly complex
samples, with system configurations capable of achieving ever-
increasing peak capacities. The concept of peak capacity,
according to Davis and Giddings, provides a method for
computing the maximum number of resolvable components in a
chromatographic run. The number of components that are likely
to be resolved in a chromatogram, on the other hand, is just a
portion of the overall peak capacity. As a result, exceptionally
high peak capacity values are necessary for the separation of
complicated samples. In an ideal world, the peak capacity of a
multidimensional separation system is just the sum of the peak
capabilities of each dimension. In practice, various variables
during multidimensional separations are reduced, such as under
sampling of the first-dimension effluent and injection band
widening in the second dimension, which can reduce the
ultimate peak capacity.

Other criteria, such as orthogonality, detectability, and analysis
time, have a part in creating suitable conditions to separate
complicated mixtures, in addition to peak capacity. The
complexity of a sample is connected not only to the amount of
components in it, but also to the number and range of distinct

chemical classes. As a result, complicated mixture analysis would
need great selectivity, sensitivity, a large dynamic range, and
strong separation power.

The research in Liquid Chromatography (LC) faces a trade-off
between peak capacity and analysis time. High peak capacities (of
1000 or more) are only possible with one-dimensional LC at the
price of extremely long analysis times. Using extensive
multidimensional chromatography to solve this challenge is one
option. To take use of the higher resolving power in
multidimensional chromatography, the retention mechanism for
each dimension must be sufficiently distinct. If the retention
times in the two dimensions are independent, speaks about an
"orthogonal" separation. This might help with the analysis of
more complicated samples. In comprehensive two-dimensional
chromatography, the first dimension effluent is divided into a
large number of fractions, ideally so that the first-dimension
separation remains intact, with the resolution obtained in the
first dimension being maintained upon modulation to the
second dimension. All of these fractions are then separated in
real time using a rapid second-dimension system. Researchers
refer to heart-cut 2D-LC when just one fraction is selected for
separation in the second dimension.

CONCLUSION
Significant development has been achieved in GC modulation
technology, allowing for efficient GC × GC × GC separations.
Notably, the Synovec group employed partial modulation
through a pulse-flow valve to obtain peak capacities of over
35,000 the largest recorded thus far. GC × GC × GC equipment
and column sets are currently being developed, and there is still
space for development, led by a deeper understanding of the
parameters that determine 3D peak capacity. Combining GC ×
GC with another chromatographic separation, such as SFC, has
created new opportunities for integrated online 3D set-ups for
much enhanced (group type) separations.
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