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Asked Questions

Could you summarize the advantages of GC×GC over single-column 

capillary GC?

Easily, in 5 Ss: separation power, selectivity, sensitivity, speed, and structure. Separation power 

because the peak capacity corresponds to the product of the peak capacities in each dimension. 

Selectivity because two columns of different polarity are employed. Sensitivity because cryogenic 

focalization enables a sensitivity increase in the 10-50 factor range, compared to conventional GC. 

Speed because if 1000 compounds are separated in 1 hour then the method is comparable to a very 

fast GC approach if the number of resolved peaks/unit of time is considered. Structure because 2D 

chromatograms are characterized by group-type patterns if the sample contains homologous series 

of analytes (for example, fatty acid methyl esters).

Do you think that GC×GC will replace single-column capillary GC?

Not in the same way that the capillary column did with the packed one in the 80s. GC×GC will 

certainly still increase in popularity, though capillary GC is still fine for several applications. The most 

important thing is to correctly evaluate for which applications capillary GC is an insufficient analytical 

tool. For example, in food analysis, a single column will usually be sufficient for an essential oil, and 

will fail in the elucidation of roasted coffee volatiles.
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Do you think that GC×GC is always to be preferred over classical heart-

cutting multidimensional GC?

Often, but not always. In several applications it is more important to have a combination of two 

conventional capillary columns. A typical example is that concerning the analysis of chiral compounds 

in flavours and fragrances: the best choice is a non-polar separation followed by the high-resolving 

power of a 25-30 m conventional chiral column in the second dimension. It is clear that only a 

limited number of heart-cuts can be achieved when using heart-cutting multidimensional GC. 

Is a cryogenic GC×GC method difficult to optimize? 

Although the optimization of a GC×GC method is more difficult than a one-dimensional method, it 

is less complicated that it might seem. Start off with a classical apolar – polar combination (30 m × 

0.25 mm ID + 1-1.5 m × 0.10 mm ID) and a gas flow of approximately 1 mL/min. Use hydrogen as 

carrier gas if possible; obviously, helium is the gas of choice when using a mass spectrometer. The 

temperature program gradient is usually slowish, normally 2-3 °C/min, and peak widths coming off 

the first dimension should be in the 20-sec range. Such peak widths will enable the use of a 5-6 

sec modulation period, and hence at least 3-4 cuts per peak. Peak entrapment should be achieved 

at a temperature of approximately 100-120°C lower that the first-dimension elution temperature. 

Excessive cooling will cause a retarded release of compounds from the modulator, while poor 

entrapment and/or breakthrough is caused by insufficient cooling. With regards to the heating 

pulse, this should be brief (e.g., 300-350 msec) and intense (e.g., 325°C). If the initial 2D result is 

poor (low occupation of the 2D space, tailing in the second dimension, etc.), then another column 

set can be tried (e.g., polar - apolar). Knowledge of the basic principles of conventional GC, fast 

GC, and heart-cutting multidimensional GC, is of help. 
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When using a loop-type modulator is it preferable to entrap at the end 

of the first dimension or at the beginning of the second?

Neither of these two options. It is preferable to use a 1-1.2 m × 0.25 mm ID uncoated column 

segment to form the modulator capillary. Stationary-phase coated capillaries are expensive and can 

be broken when forming a loop.

Is cryogenic GC×GC expensive?

The consumption of cooling gases has obviously an expense. However, the higher costs are coun-

terbalanced by the amazing results.

Is flow modulation better than cryogenic modulation? 

Obviously, the cost-per-analysis of flow modulation is lower than cryogenic modulation. However, 

the final result attained by cryogenic modulation is a superior one. 
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What is the difference between a single-stage and a dual-stage 

modulator? 

In a single-stage system, entrapment and release occur only once. In a dual-stage system, entrap-

ment and release occur twice. Dual-stage modulation is the best option because it avoids analyte 

breakthrough during the release step. Breakthrough occurs when a portion of a chromatography 

band eluting from the first column is not entrapped, and passes directly onto the second column. 

Which are the most efficient cryogenic modulators? 

Twin-stage, liquid-nitrogen ones, with a heated pulse for analyte release. 

What is the situation concerning GC×GC software?  

Though in the past GC×GC analysts often emphasized the lack of software, the same cannot be 

affirmed today. In fact, a series of GC×GC software packages are commercially-available for qualita-

tive and quantitative analysis. 
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What is wrap-around?  

Wrap-around occurs when an analyte elutes from the second dimension at a retention time higher 

than the modulation period. For example, if a modulation period of 6 sec is applied and a specific 

analyte elutes at 7 sec from the second dimension, then in the 2D chromatogram that analyte 

will be characterized by an apparent retention time of 1 sec. Wrap-around can be considered as a 

negative issue if it destroys the ordered nature of a chromatogram; on the contrary, in many cases 

it can be considered as a positive aspect because analytes can occupy the lower parts of the 2D 

chromatogram, namely in the dead-time zone. 

How can wrap-around be avoided? 

The best ways to avoid wrap-around, if you don’t want to shorten the secondary capillary, are to 

increase the modulation period or to increase the primary-column elution temperature. The latter 

effect can be attained by accelerating the temperature gradient or reducing gas linear velocities. 

In terms of detection, which is the minimum acquisition frequency 

necessary for reliable GC×GC analysis? 

I would say that 50 Hz is sufficient for a properly optimized GC×GC analysis. In fact, the generation 

of 100 msec peaks, which we sometimes read in GC×GC papers, means that a compound has 

travelled far too fast in the second dimension, under non-ideal gas velocity conditions.
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How many data points are necessary to properly re-construct a GC×GC 

peak? 

Many opinions exist within the GC×GC community. However, it is generally accepted that 10 data 

points above the baseline are enough. 

Which mass spectrometer is better for GC×GC analysis, quadrupole or 

time-of-flight (ToF) systems? 

Just a couple of years ago the answer could have only been ToF-MS, with its high spectral production 

frequencies (up to 500 Hz) and deconvolution capabilities. In fact, even though unit-mass resolu-

tion ToF systems were quite expensive, these were the only MS instruments capable of providing 

reliable qualitative and quantitative data in the GC×GC field. Quadrupole MS instruments were only 

employed for identification purposes. Nowadays, things are different. Shimadzu has produced a 

quadrupole MS (Ultra) with a 50 Hz spectral production frequency using a normal GC mass range. It 

must be noted that the first ever GC×GC-ToF-MS analysis was carried out using a 50 Hz frequency. 

Furthermore, quadrupole MS instruments offer the possibility to operate in the highly sensitive SIM 

mode, and are much less expensive compared to ToF instrumentation. 

What sort of maintenance does the loop-type modulator require? 

None, it can go on working for years with absolutely no problems. 
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How much does sensitivity increase when using cryogenic GC×GC? 

The degree to which sensitivity can increase is within the 10-50 factor range, and is dependent on 

different variables. For example, sensitivity will increase less if a peak is modulated too many times, 

if a long secondary column (e.g., 2-2.5 m) is employed, if components elute from the first column 

at a low temperature (this happens when a relatively short primary column is used) or interact 

intensely with the second-dimension stationary phase. It is obvious that sensitivity will be greatly 

enhanced if the opposite situations occur. 

What are those long horizontal streaks that can be often observed in 

cryogenic GC×GC chromatograms?

Those streaks are a further great advantage of GC×GC because they are formed of compressed 

chemical bleed, derived from the first column. Such an aspect is of particular importance in 

GC×GC-MS analysis, because analytes are freed from the chemical background and highly pure 

spectra are attained. 

Sometimes streaks can be often observed deriving from large peaks in 

the GC×GC chromatogram? 

Those streaks are related to an excessively low temperature created during modulation. The problem 

is easily solved by reducing the cold gas flow.
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Why do I sometimes get double peaks, for the same analyte, using a 

loop-type modulator?

This phenomenon is usually related to the employment of an excessively short modulator capillary. 

What happens is that during first-stage release, the chromatography band passes from one end to 

the other of the modulator capillary before the end of the heating pulse. When the second-stage 

entrapment is activated the chromatography band is split in two by the cold jet.

I’ve seen a few works on three-dimensional GC×GC×GC. Do you see any 

future in this method?

Quite frankly no. Papers on GC×GC×GC are quite interesting to read but such a configuration 

appears to be too complex. I think that GC×GC-MS, which is a three-dimensional method, is 

sufficiently powerful for almost all analytical needs.

I’ve heard many times that the final peak capacity of a GC×GC method is equal to 

the product of the peak capacities relative to each dimension. Is this true?

Only in part. In gas chromatography, all separations are more-or-less dependent on analyte vapour 

pressures and, hence, partial correlation between the two dimensions is always observed. For example, 

an early eluting solute in the first dimension will practically always be an early one in the second. 

Consequently, parts of the available 2D chromatograms are not accessible. Things are different in 

other approaches, such as comprehensive 2D LC (LC×LC), where truly independent separations can 

be achieved by combining normal and reversed phase. Another technique, namely comprehensive 

2D LC-GC (LC×GC), can also generate independent separational dimensions: functional-group type 

in the first dimension (generally normal phase) and a boiling-point one in the second GC one.
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Can retention indices be employed in GC×GC applications? 

With regards to the primary separation, conventional column retention indices can be employed. For 

example, if a 5% diphenyl conventional capillary is used as first dimension, retention indices can be 

calculated by considering the most intense modulated peak of the target analyte and those of the 

reference compounds bracketing the target solute. Retention indices calculated in such a manner are 

characterized by very similar values compared to those derived from a single-column analysis. With 

regards to second-dimension retention indices, the situation is much more complicated because it is 

very hard to bracket all target analytes with two reference compounds in each rapid 2D analysis. At 

the moment, there is no general method for the calculation of GC×GC retention indices.

Q23

This article is reproduced with permission from Chromaleont srl.
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