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Introduction 
Amphetamine and its substituted 
derivatives are a synthetic class  
of compounds that are prescribed 
for medical conditions such as 
attention deficit hyperactive 

disorder (ADHD) and sleep abnormalities. However, several of these compounds 
have hallucinogenic, aphrodisiac and emphathogenic or “feeling of oneness” effects 
making them one of the most abused classes of both street and prescription drugs. 

Forensic laboratories have to often tackle the challenge of identifying what is in the 
“white powders” seized in raids. Technologies such as gas chromatography (GC) or 
liquid chromatography (LC) interfaced with mass spectrometry (MS) are frequently 
used to analyze these white powders. Amphetamine and their derivatives contain 
either primary or secondary amines and are not very suitable for GC/MS analysis since 
they show column reactivity leading to peak tailing and also fragment easily in the MS 
source. The absence of a molecular ion in the spectra of amphetamine and its 
derivatives makes identification and confirmation more difficult. 
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This application note demonstrates the use of a Cold Electron 
Ionization (Cold EI) source in place of the traditional Electron 
Ionization (EI) source. The Cold EI source enhances the molecular 
ion significantly compared with conventional EI, while retaining 
the EI fragmentation pattern for spectral library searching. The 
presence of the molecular ion enables the analyst to reject false 
positive library matches. With this enhanced molecular ion, the 
PerkinElmer AxION® iQT™ can perform MS/MS fragmentation 
and obtain a product ion spectrum for additional selectivity  
and confirmation. 

Experimental

Sample Preparation
All standards were purchased directly from Cerilliant® (Round 
Rock, TX, USA). A standard mix including amphetamine, 
methamphetamine, 3,4-Methylenedioxy amphetamine  
(MDA), N-Methyl-3,4-methylenedioxyamphetamine (MDMA), 
3,4-Methylenedioxy-N-ethylamphetamine (MDEA), at a final 
concentration of 100 µg/mL each, was made in methanol  
for analysis. 

Results

The chromatographic separation and analysis of the amphetamine 
mixture using the AxION iQT with the Cold EI source was 
completed within 8 min (Fig. 1). The amphetamine spectrum 
obtained with Cold EI source contains the molecular ion (m/z 135) 
which is absent in the NIST1 reference spectrum (Fig. 2). Using  
the conventional EI source, the molecular ion extracted ion 
chromatogram (EIC) for amphetamine showed a complete 
absence of the molecular ion, unlike the Cold EI source which 

showed a strong signal (Fig. 3). The presence of the molecular 
ion is invaluable in identification of amphetamine since the 
predominant ions in the EI spectrum include relatively small 
fragment ions m/z 44, 65 and 91 which can lead to false 
positive/negative identification especially at low concentrations. 

Table 1. GC conditions.

Gas Chromatograph PerkinElmer Clarus® 680

Injector type: Capillary

Injector Temperature: 250 °C

Injection: 1 µL, split 20:1

Oven program for  
Cold EI Analysis:

55 °C, hold for 1 min, ramp to 150 °C at 20 °C/min, 
hold for 2 min

Oven program for EI Analysis:
55 °C, hold for 1 min, ramp to 150 °C at  
20 °C/min, hold for 7 min

Analytical Column: PerkinElmer ELITE-5 MS, 30 m X 0.25 mm X 0.25 µm

Carrier Gas:
5 mL/min Helium for Cold EI  
1 ml/min Helium for EI

Table 2. MS conditions.

Mass Spectrometer PerkinElmer AxION iQT MS/MS

Make Up Gas for Cold EI Source: 50 mL/min

GC Transfer Line Temperature: 250 °C

Source Temperature: 250 °C

Acquisition Time: 0.2 sec 

Mass Range: m/z 40-250

Ion Source: Cold EI or EI

Collision Gas Pressure: 1 mTorr

Collision Voltage: 5 V

Solvent Delay: 3 min

Figure 1. Separation and detection of amphetamine mixture by GC/MS using Cold EI source.
Fig. 1 Separation and detection of amphetamine mixture by GC/MS using Cold EI source.  

M
DE

A

M
DM

A

M
DA

Am
ph

et
am

in
e M

et
ha

m
ph

et
am

in
e

In
te

ns
ity

Retention time (min)



3

Figure 2. The spectra of amphetamine obtained with the Cold EI source (top panel) shows enhanced molecular ion. The NIST library spectra (bottom panel) obtained with traditional 
EI source shows no molecular ion. 

Fig. 2.  The spectra of amphetamine obtained with the Cold EI source (top panel) shows 
enhanced molecular ion.  The NIST library spectra (bo�om panel) obtained with 
tradi�onal EI source shows no molecular ion.  
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Figure 3. EICs of the molecular ion of amphetamine (m/z 135) analyzed by either Cold EI source or by conventional EI source fitted to the AxION iQT. Significant enhancement of 
molecular ion is observed with Cold EI source but not detectable by EI source. 

Fig. 3.  EICs of the molecular ion of amphetamine (m/z 135) analyzed by either Cold EI 
source or by conven�onal EI source fi�ed to the AxION iQT.  Significant enhancement of 
molecular ion is observed with Cold EI source but not detectable by EI source.  
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Fig. 3.  EICs of the molecular ion of amphetamine (m/z 135) analyzed by either Cold EI 
source or by conven�onal EI source fi�ed to the AxION iQT.  Significant enhancement of 
molecular ion is observed with Cold EI source but not detectable by EI source.  
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The advantages of molecular ion enhancement were observed 
with all of the amphetamine derivatives including methamphetamine 
MDA, MDMA (also referred to as Ecstasy) and MDEA. Representative 
spectra of MDA, MDMA and MDEA are shown in Fig. 4 and 
there appears to be a significant enhancement of the molecular 
ion with Cold EI when directly compared to data in NIST library. 
For example MDA shows a 4-fold enhancement of the molecular 
ion (m/z 179) relative to the fragment ion m/z 136 while, the 

molecular ion for MDMA and MDEA show a 40-fold and 20-fold 
improvement over the fragment ions m/z 58 and 72 respectively. 
The experimental data obtained, using the conventional EI 
source, shows the EIC of the molecular ion of MDEA is at the 
noise level of the chromatogram (Fig. 5), suggesting in some 
cases the enhancement by Cold EI is even greater than what  
was predicted when comparing spectrum directly to NIST library.

Figure 4. Cold El spectra of MDA, MDMA and MDEA showed enhanced molecular ion intensity compared to NIST spectra obtained from traditional El source.
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Figure 6. MS/MS spectra of MDEA and MDMA obtained by fragmenting the molecular ion of each analyte.

Figure 5. EICs of the molecular ion of MDEA (m/z 207) analyzed by either Cold EI source or by conventional EI source fitted to the AxION iQT. Significant enhancement of molecular 
ion is observed with Cold EI source but not detectable by traditional EI source.

Fig. 5.  EICs of the molecular ion of MDEA (m/z 207) analyzed by either Cold EI source or 
by conven�onal EI source fi ed to the AxION iQT.  Significant enhancement of 
molecular ion is observed with Cold EI source but not detectable by tradi�onal EI source

0

10000

20000

30000

40000

0 1 2 3 4 5 6 7 8

In
te

ns
ity

Retention Time (minutes)

amp-100ppb-5ml carrier-smaller mass range[MS], Time 4.1554 mins, Scan# 310, Intensity 3.92e+004, Relative Intensity 79.70%
All Channels

^

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

4 5 6 7 8 9 10 11 12

In
te

ns
it

y

Retention Time (minutes)

100 ppm AMPHETAMINES MIX #2[MS], Time 6.5568 mins, Scan# 978, Intensity 7.02e+003, Relative Intensity 59.78%
All Channels

Reten�on �me (min)

Reten�on �me (min)

In
te

ns
ity

In
te

ns
ity

Cold EI

EI

MDEA

MDEA

Fig. 5.  EICs of the molecular ion of MDEA (m/z 207) analyzed by either Cold EI source or 
by conven�onal EI source fi ed to the AxION iQT.  Significant enhancement of 
molecular ion is observed with Cold EI source but not detectable by tradi�onal EI source
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The enhanced Cold EI molecular ion can be selected for MS/MS fragmentation to obtain the entire product ion spectrum for further 
confirmation of the presence of the analyte. Fig. 6 shows the representative MS/MS spectrum of MDMA and MDEA.  

Fig. 6.  MS/MS spectra of MDEA and MDMA obtained by fragmen�ng the molecular ion 
of each analyte
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Fig. 6.  MS/MS spectra of MDEA and MDMA obtained by fragmen�ng the molecular ion 
of each analyte
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Mechanism of How Cold EI Source Works

The Cold EI source enhances molecular ion intensity by reducing 
fragmentation of the molecule through vibrational cooling.  
The molecules, after exiting the GC column, get mixed with the 
helium in the makeup gas and then pass through a supersonic 
nozzle. The molecules exiting the nozzle experience adiabatic 
expansion which reduces the vibrational energy (temperature)  
to ~15 K. This low temperature helps stabilize the molecular ion, 
giving less fragmentation. The excess helium gas gets skimmed 
off and the cooled molecules enter the ionization source where 
they are ionized and fragmented. The Cold EI source has a  
fly–through “open source” design which eliminates collisions 
between the analyte gas molecules and the source walls. This 
eliminates wall-induced chromatographic peak tailing and 
decomposition. Cold EI is compatible with GC carrier gas flow 
rates up to 100 mL/min. These higher flow rates can minimize 
GC peak tailing by reducing the analyte residence time in the 
injector and column.  

Discussion

The Cold EI source can significantly increase the intensity of  
the molecular ion of not just large molecules that fragment 
easily, but also of small molecules such as amphetamines. 
Enhancement of the molecular ions of the amphetamine mix 
help with reliable identification of the analytes and preserve the 
molecular ion for MS/MS fragmentation. The MS/MS derived 
spectra can be used for further confirmation of the presence  
of the analyte in complex matrices.  
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