
Introduction 
Steroids are typically derivatized  
for Gas Chromatography/Mass 
Spectrometry (GC/MS) analysis to 
reduce thermolability, reactivity,  

and improve detectability. This document describes the use of Cold  
EI GC/MS with high column flow rates and a fly-through ion source to 
reduce decomposition and analyze underivatized steroids with increased 
molecular ion intensity.

Many laboratories use GC/MS and GC/MS/MS for the analysis of 
steroids and hormones. While Liquid Chromatography (LC) performed 
with MS/MS detectors is being used more frequently, LC is not as good 
a separation technique as GC for some of the target compounds.

Cold Electron Ionization (Cold EI) GC/MS allows the use of high flow 
rates of carrier gas into the MS, reducing the required temperatures 
and minimizing decomposition in the injector and column. 
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Fast Chromatography Reduces Decomposition

Thermolabile compounds can be eluted with less decomposition  
if the required temperature is lowered. This can be achieved  
by reducing the column length and stationary phase thickness, 
increasing the carrier gas flow rate, and lowering the temperature 
programming rate. Each halving of the number of separation 
plates lowers the elution temperature by about 20 °C. Since the 
column capacity is related to the stationary phase volume of a 
separation plate, as the flow rate increases so does the plate 
height and thus column capacity1, so neither column capacity nor 
peak shape are overly compromised. Any reduced column 
resolution is mitigated by MS selectivity. Higher column flow rate 
also reduces residence time in the hot injection port and any 
associated decomposition. Most EI GC/MS systems can only 
accommodate a maximum carrier gas flow rate of 4 to 5 mL/min. 
before the gas load causes rapid loss of sensitivity. Cold EI GC/MS 
can operate with flow rates up to 100 mL/min., significantly 
lowering the elution temperatures and risk of decomposition.

Fly-through Cold EI GC/MS Ion Source

Electron Ionization GC/MS (EI GC/MS) is a common, powerful  
and information-rich technique for qualitative characterization  
and quantitative analysis of the compounds in a mixture. One  
of its most valuable functions is to provide the molecular weight 
of a compound. However, for many molecules this important ion 
may be small or absent because of energetic instability relative to 

Figure 1. Cold EI GC/MS Ion Source.

its fragment ions. While not a significant issue for the many 
steroids and hormones which show strong molecular ions, it can 
be very significant for other compounds such as amphetamines.

In contrast to EI GC/MS, Cold EI GC/MS (Figure 1) can increase  
the molecular ion peak intensity of a compound while retaining 
the EI fragmentation pattern for spectral library searching without 
modification to established GC methodologies.

Cold EI enhances the molecular ion intensity by reducing 
fragmentation via vibrational cooling of the molecules. Figure 1  
is a schematic representation of the Cold EI ionization source and 
transferline. The molecules exit the GC column, are mixed with 
make-up helium gas, and then pass through a supersonic nozzle. 

Adiabatic expansion ‘cools’ the analyte molecules in a supersonic 
molecular beam, reducing internal vibrational energy. The analyte 
molecules concentrate into the center of the beam by the jet 
separator effect. Excess carrier gas is skimmed off, and the cold 
analyte molecules (now ~15 K or -258 ºC) enter the ion source for 
ionization. The decreased analyte vibrational energy (temperature) 
reduces fragmentation compared to a molecule at typical GC/MS 
temperatures (~200 ºC). 

The Cold EI axial flow-through ion source and supersonic jet 
expansion (Figure 2) reduce ion source decomposition by 
eliminating analyte contact with hot source walls. 
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Experimental

All work was carried out on a PerkinElmer AxION iQT™ GC/MS/MS 
system. Experimental conditions are shown in Table 1.

The GC oven was ramped quickly to just below the elution 
temperature of the analytes, then slowed. Spectra were acquired 
both in Cold EI and Classical EI mode during different injections. 
The switch from Cold EI to Classical EI was done by simply 
changing the MS method to one with a lower makeup gas flow 
and different ion source lens settings. Both sets of ion source 
conditions were previously established by the Autotune procedure.

Results and Discussion

The chromatography is shown in Figure 3. The upper 
chromatogram is the Total Ion Current (TIC), and the others are 
selected extracted ion chromatograms of the molecular ions of 
the named analytes. All peaks elute within 5.3 min and have 
similar total ion chromatogram intensities, indicating no significant 

differential decomposition. Given the high speed of the 
chromatography, the nonpolar column, the thin stationary phase, 
and the similarity of the molecular structures, it is not surprising 
that the first three peaks elute close together. Any of these could 
be altered to increase resolution if desired.

Table 1. Experimental Conditions.

Gas Chromatograph: PerkinElmer Clarus® 680

Injector Type: 
Injector Temperature: 
Injection: 
Oven Program:

Programmable Split/Splitless 
250 ºC 
1 µL, split 45:1 
100 ºC for 2 min, ramp to 210 ºC at  
60 ºC/min, ramp to 232 ºC at 10 ºC/min

Analytical Column: PerkinElmer Elite™ - 1 
15 m x 0.25 mm ID x 0.1 μm

Carrier Gas: 5 mL/min Helium

Sample: Steroids and Mixed Pharmaceuticals 
(Restek)

Mass Spectrometer: PerkinElmer AxION iQT MS/MS

GC Transfer Line Temperature: 
Ion Source Temperature:

250 ºC 
200 ºC

Acqusition Range: 
Acquisition Time:

m/z 45-320 
0.30 sec

Solvent Delay: 4 min

Ion Source Type: Cold EI

Ion Source Mode: 
    Background Noise Removal: 
    Cold EI Makeup Gas: 
Ion Source Mode: 
    Cold EI Makeup Gas:

Cold EI 
     On 
     50 mL/min 
Classical EI 
     2 mL/min

Filament 5 µA

Figure 2. Cold EI Ion Source and Transferline.
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Figure 3. Cold EI Chromatogram of Steroids.
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Two example analyte spectra are shown in Figure 4. Each 
compound is displayed with its EI “reference spectrum” from  
the NIST 2014 mass spectral library2, its Classical EI spectrum and 
its Cold EI spectrum. The Classical EI spectrum is obtained on the 

same instrument as the Cold EI spectrum by selecting a single 
“button” in the MS method to reduce the makeup gas flow  
rate to below the level required for supersonic molecular beam 
formation. (See Table 1.) No hardware change is required.

Figure 4. Comparison of NIST, Classical EI and Cold EI spectra.
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Figure 4. continued
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All Classical EI spectra are very similar to the NIST reference 
spectra. Both Cold EI spectra show enhancement to the molecular 
ions (m/z 272 for 17-β-estradiol and m/z 314 for progesterone). 
Given the multi-ringed structures of these compounds the 
molecular ion enhancement is not as dramatic as is generally seen 
with linear or branched chain compounds, where it may increase 
the relative intensity of the molecular ion up to 100-fold.

Conclusion

This work demonstrates that underivatized steroids can be readily 
chromatographed with GC/MS using high column flow rates with 
short columns, thin stationary phases, and a fly-through Cold EI 
ion source. This has the potential to simplify and cost-reduce 
laboratory workflows.
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*Not for use in diagnostic procedures.


