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Publishable Summary

Project Objectives 

Detection of Amphetamine Type Stimulants (ATS), precursors, and derivatives, remains 
an open challenge if we move out of forensic labs
against the production, trafficking, and street distribution of illicit drugs. In DIRAC, an 
advanced sensor of ATS is developed,
(GC) as its key chemical separation tool, and 
Spectroscopy (HF-IRAS) as its key analytical tool
advanced solutions for sample separation and treatment, that allow to analyse substances 
in different physical state and with different chemical 

The sensor essentially consists of a 
a processing & control unit on 

Fig. 1: 

The sample is selectively collected, pre
IRAS and Surface Ionization (SI) detectors. 

The selective sampler consists of 
Particles with high proton affinity (
precipitated out of the air flow by 

The vapour pre-concentrator
the air, or thermally desorbed from a solid sample. 
functionalized with cavitands
heating, the pre-concentrator releases the vapours 
cartridge, GC column, and injection valves, are all sil
integrated on a single, very compact VPC/GC electro

The HF-IRAS analyzer essentially consists of an InfraRed Hollow Fiber in an oven, a 
Quantum Cascade Laser (QCL) 
radiation is guided through the hollow core of the fiber to couple the source and the 

Electro-Static 

Precipitator

Sampling Unit
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Publishable Summary 

Detection of Amphetamine Type Stimulants (ATS), precursors, and derivatives, remains 
challenge if we move out of forensic labs, and consider field-sensors 

against the production, trafficking, and street distribution of illicit drugs. In DIRAC, an 
advanced sensor of ATS is developed, that combines miniaturized Gas Chromatography
(GC) as its key chemical separation tool, and Hollow-Fiber-based Infra Red Absor

RAS) as its key analytical tool. Furthermore, the sensor
for sample separation and treatment, that allow to analyse substances 

in different physical state and with different chemical characteristics, as traces and 

The sensor essentially consists of a sampling unit, a compact, hand-portable sensin
 PC, and a graphic, user-friendly front end (HMI) 

Fig. 1: The DIRAC concept and architecture 

is selectively collected, pre-concentrated, separated, and analyzed by HF
IRAS and Surface Ionization (SI) detectors.  

consists of an air drawer and an electrostatic precipitator.  
s with high proton affinity (like ATS) become charged in a proton shower

precipitated out of the air flow by electrostatic attraction.  

concentrator (VPC) extracts and pre-concentrates 
the air, or thermally desorbed from a solid sample. The pre-concentration
functionalized with cavitands,  designed to trap aromatic molecules

concentrator releases the vapours into a short FAST GC column
cartridge, GC column, and injection valves, are all silicon micro-machined components 

compact VPC/GC electro-mechanical platform. 

essentially consists of an InfraRed Hollow Fiber in an oven, a 
(QCL) IR source, and a thermo-electrically cooled IR detector. IR 

radiation is guided through the hollow core of the fiber to couple the source and the 

VPC + micro-GC 

IRAS detector

Signal proc

SI Detector

Sensing Unit Control & Processing 

Unit
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Detection of Amphetamine Type Stimulants (ATS), precursors, and derivatives, remains 
sensors for daily use 

against the production, trafficking, and street distribution of illicit drugs. In DIRAC, an 
miniaturized Gas Chromatography 

based Infra Red Absorption 
Furthermore, the sensor integrates 

for sample separation and treatment, that allow to analyse substances 
, as traces and as bulk. 

portable sensing unit, 
friendly front end (HMI)  (Fig. 1).  

 

concentrated, separated, and analyzed by HF-

and an electrostatic precipitator.  
a proton shower, and 

concentrates vapours present in 
concentration cartridge is 

designed to trap aromatic molecules selectively. Upon 
short FAST GC column. VPC 

machined components 
mechanical platform.  

essentially consists of an InfraRed Hollow Fiber in an oven, a 
electrically cooled IR detector. IR 

radiation is guided through the hollow core of the fiber to couple the source and the 

Signal proc.

Control & Processing 
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detector. When vapours flow from GC into the fiber, they cause IR signal attenuation at 
wavelengths corresponding to their roto
spectral tuning range, the system acquires high sensitivity absorption spectra. 
Downstream of the IRAS module, vapours are still available for analysis by orthogonal 
sensing techniques.  

The Surface Ionization detector
excellent sensitivity and selectivity against amines

Data are analyzed and fused by a
with a reference database of IR 
the Expert System searches for
similarity can be established, the unknown is classified as negative.  

Further to the ‘dry’ sensing strategy above, DIRAC investigates also methods for the 
detection of ATS salts in water 
Tetraphosphonate cavitands (Tiiii) grafted 
selectively trap methyl-ammonium
induces a bending of the cantilever, that 

Main achievements to date

Sensing unit. The DIRAC sensing unit (Fig. 2) was assembled and  tested on a bench 
with a wide range of substances, from precursors, to ATS salts, street samples, and 
potential false positives. Also, test runs entirely driven by the Control SW were completed 
successfully, with output signals automatically sent to the Expert System for near real time 
analysis. Results demonstrate that the sensor is capable to 
the substances of interest, and to distinguish one from the other on the base of 
elution times, and SI signals. 
times typically ranging from 2 to 4
structure has an impact also on sensitivity. 
synergy  between the HF-IRAS and the SI detector: the former 
precursors with no amine group,
precursors with an amine group (

Fig. 2: DIRAC sensor prototype. Left: DIRAC sensing unit, assembled on a bench. Right: The unit will be 
transferred into an aluminum case 52 x 43 x 32 cm (the size of a hand luggage).
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detector. When vapours flow from GC into the fiber, they cause IR signal attenuation at 
ing to their roto-vibrational transitions. As the laser scans its 

spectral tuning range, the system acquires high sensitivity absorption spectra. 
Downstream of the IRAS module, vapours are still available for analysis by orthogonal 

Surface Ionization detector is a miniaturized, solid-state gas sensors
sitivity and selectivity against amines.  

Data are analyzed and fused by an Expert System, that compares the unknown sample 
with a reference database of IR spectra, elution times, and SI signals. 

searches for similarities with classes of psychoactive substances. If no 
similarity can be established, the unknown is classified as negative.   

Further to the ‘dry’ sensing strategy above, DIRAC investigates also methods for the 
detection of ATS salts in water and body fluids. The approach makes use of 
Tetraphosphonate cavitands (Tiiii) grafted on Silicon Micro-Cantilevers

ammonium ions, and the host-guest interaction with the illicit drug 
induces a bending of the cantilever, that is measured by an optical readout. 

to date 

DIRAC sensing unit (Fig. 2) was assembled and  tested on a bench 
with a wide range of substances, from precursors, to ATS salts, street samples, and 

Also, test runs entirely driven by the Control SW were completed 
ith output signals automatically sent to the Expert System for near real time 

Results demonstrate that the sensor is capable to treat, separate, 
the substances of interest, and to distinguish one from the other on the base of 
elution times, and SI signals. Response time is governed by GC separation, with elution 
times typically ranging from 2 to 4-5 minutes, depending on chemical structure. Chemical 
structure has an impact also on sensitivity. The sensor can however take a

IRAS and the SI detector: the former being 
precursors with no amine group, the  latter being extremely sensitive 
precursors with an amine group (such as ephedrine).   

  

 

sensor prototype. Left: DIRAC sensing unit, assembled on a bench. Right: The unit will be 
transferred into an aluminum case 52 x 43 x 32 cm (the size of a hand luggage). 
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detector. When vapours flow from GC into the fiber, they cause IR signal attenuation at 
vibrational transitions. As the laser scans its 

spectral tuning range, the system acquires high sensitivity absorption spectra. 
Downstream of the IRAS module, vapours are still available for analysis by orthogonal 

state gas sensors, that features 

, that compares the unknown sample 
 If identification fails, 

similarities with classes of psychoactive substances. If no 

Further to the ‘dry’ sensing strategy above, DIRAC investigates also methods for the 
. The approach makes use of 

Cantilevers. Tiiii cavitands 
guest interaction with the illicit drug 

is measured by an optical readout.  

DIRAC sensing unit (Fig. 2) was assembled and  tested on a bench 
with a wide range of substances, from precursors, to ATS salts, street samples, and 

Also, test runs entirely driven by the Control SW were completed 
ith output signals automatically sent to the Expert System for near real time 

, separate,  and analyze 
the substances of interest, and to distinguish one from the other on the base of IR spectra, 

Response time is governed by GC separation, with elution 
5 minutes, depending on chemical structure. Chemical 

take advantage of the 
being more sensitive to 

extremely sensitive to ATS and 

sensor prototype. Left: DIRAC sensing unit, assembled on a bench. Right: The unit will be 
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Precursors analysis. Precursors were analyzed in many different forms, 
from the headspace of a vessel at room temperature, or thermally desorbed from pure 
solids and liquids, mixtures, or
sensitive to Safrole, Piperonal, BMK, PMK, and other similar precursors
strong absorption patterns in the spectral range of the QCL laser (Fig. 3
them, limits of detection LoD are estimated around a few nanograms.  
is one-two orders of magnitude less sensitive to ATS and precursor
partly because of their weaker absorption patterns, partly because of their tendency to 
stick to any cold spot before entering the fiber (so causing mass losses). The SI detector 
behaves at the opposite, with LoDs around 1 microgram 
for ephedrine and ATS (Fig. 3b). When tested with mixtures (in particular with mixtures of 
precursors, that have strong chemical affinity) the system demonstrates good ability to 
separate the substances and recognize the 

Fig.3: Precursors analysis. Left: HF
(reference spectrum in inset). Right: SI current plot after injecting sub

 

Fig.4: Analysis of mixtures. Left: HF
Piperonal (600 ng) and ephedrine (3 µg), vaporized from a methanol solution. 
injecting a mix of BMK, safrole, piperonal, and ephedrine, sampled from the headspace of a vessel at 70°C. 
Ephedrine is undetected because of its low vapour pressure at 70°C. Ephedrine appears however through its 
thermal degradation products (the first chromatographic peak after about 1 min).    

ATS salts and street samples
amounts of free amine vapours are generated, that can be pre
and analyzed, along the ‘dry’ DIRAC sensing chain
substance. The sensor was tested successfully with 
MA, Fluoro-Amphetamine hydrochlorides
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Precursors were analyzed in many different forms, 
the headspace of a vessel at room temperature, or thermally desorbed from pure 

, or solutions of organic solvents. The IRAS analyzer is very 
sensitive to Safrole, Piperonal, BMK, PMK, and other similar precursors
strong absorption patterns in the spectral range of the QCL laser (Fig. 3
them, limits of detection LoD are estimated around a few nanograms.  

two orders of magnitude less sensitive to ATS and precursors with an amine group
partly because of their weaker absorption patterns, partly because of their tendency to 

before entering the fiber (so causing mass losses). The SI detector 
behaves at the opposite, with LoDs around 1 microgram for safrole, and tens of picograms 

drine and ATS (Fig. 3b). When tested with mixtures (in particular with mixtures of 
precursors, that have strong chemical affinity) the system demonstrates good ability to 
separate the substances and recognize the sample composition (Fig. 4). 

 

Precursors analysis. Left: HF-IRAS spectra of 100 ng safrole, vaporized in a methanol solution 
(reference spectrum in inset). Right: SI current plot after injecting sub-nanogram amounts of ephedrine. 

 

 

: HF-IRAS spectra evolution after injecting a mix of safrole (600 ng), 
Piperonal (600 ng) and ephedrine (3 µg), vaporized from a methanol solution. Right
injecting a mix of BMK, safrole, piperonal, and ephedrine, sampled from the headspace of a vessel at 70°C. 
Ephedrine is undetected because of its low vapour pressure at 70°C. Ephedrine appears however through its 

ion products (the first chromatographic peak after about 1 min).      

ATS salts and street samples analysis. Upon heating solid ATS salt particles, small 
amounts of free amine vapours are generated, that can be pre-concentrated, separated, 

along the ‘dry’ DIRAC sensing chain (Fig. 1), as any other more volatile 
tested successfully with  Amphetamine, Methamphetamine 

hydrochlorides, and with street samples containing MA plus 
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Precursors were analyzed in many different forms, either collected 
the headspace of a vessel at room temperature, or thermally desorbed from pure 

The IRAS analyzer is very 
sensitive to Safrole, Piperonal, BMK, PMK, and other similar precursors, that feature 
strong absorption patterns in the spectral range of the QCL laser (Fig. 3a). For most of 
them, limits of detection LoD are estimated around a few nanograms.  The IRAS analyzer 

with an amine group, 
partly because of their weaker absorption patterns, partly because of their tendency to 

before entering the fiber (so causing mass losses). The SI detector 
for safrole, and tens of picograms 

drine and ATS (Fig. 3b). When tested with mixtures (in particular with mixtures of 
precursors, that have strong chemical affinity) the system demonstrates good ability to 

sample composition (Fig. 4).  

IRAS spectra of 100 ng safrole, vaporized in a methanol solution 
nanogram amounts of ephedrine.   

 
IRAS spectra evolution after injecting a mix of safrole (600 ng), 

Right:  spectra evolution after 
injecting a mix of BMK, safrole, piperonal, and ephedrine, sampled from the headspace of a vessel at 70°C. 
Ephedrine is undetected because of its low vapour pressure at 70°C. Ephedrine appears however through its 

 

Upon heating solid ATS salt particles, small 
concentrated, separated, 

any other more volatile 
Amphetamine, Methamphetamine 

, and with street samples containing MA plus 
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additives (caffeine, lactose, ethyl vanillin). 
tested also with less volatile samples, like MDMA·HCl. 

Fig.5: Analysis of vapours thermally desorbed from a solid sample of MA·
compared to a MA spectrum from a reference database. Right: SI current plot measured at the output of the 
IR hollow fiber.   

Potential Impact 

GC-IRAS is, together with GC
identification of amphetamines, particularly for its ability to reject false positives and to 
recognize designer drugs, that is establish chemical and pharmacological simil
between new substances and known drugs. While GC
bench-top instrumentation for forensic labs and bulk analysis, DIRAC intends to implement 
an advanced sensor that combines hand
ability to analyse both bulk and trace material. Furthermore, to match the requirement of a 
fast response, the sensor is being developed
provide ‘detection’ or ‘identification’ of illicit drugs and
the sensor will be capable of analyzing vapours and solid particles, to 
warning for the presence of precursors and salts of amphetamines, respectively. 
identification mode, a refined analysis (an
complex samples and identify correctly the target chemical

As such, the DIRAC sensor has the potential to become a very valuable tool that customs 
officers and law enforcement units use in their daily fight against the production, trafficking 
and street distribution of illicit drugs. At a basic level, it is expect
will be used on the basis of previous intelligence gathered by end
it will enable end-users to collect data that, colligated with other information, could also 
provide new intelligence on the transit of AT

Contacts 

DIRAC Scientific Coordinator

DIRAC web-site: www.fp7-dirac.eu

 

 

 

Third Progress Report: 

Publishable Summary 
 

DIRAC_Third Progress Report_Publishable Summary_rev1.docx 

lactose, ethyl vanillin). The shorter chain GC/SI was successfully 
tested also with less volatile samples, like MDMA·HCl.  

 

 

Analysis of vapours thermally desorbed from a solid sample of MA·HCl.  Left: HF
compared to a MA spectrum from a reference database. Right: SI current plot measured at the output of the 

IRAS is, together with GC-Mass Spectrometry, the most powerful technique for the 
identification of amphetamines, particularly for its ability to reject false positives and to 
recognize designer drugs, that is establish chemical and pharmacological simil
between new substances and known drugs. While GC-IRAS is today available only as 

top instrumentation for forensic labs and bulk analysis, DIRAC intends to implement 
an advanced sensor that combines hand-portability –for  field operation
ability to analyse both bulk and trace material. Furthermore, to match the requirement of a 

is being developed to operate at different processing rates, to 
provide ‘detection’ or ‘identification’ of illicit drugs and precursors. In the 

be capable of analyzing vapours and solid particles, to 
precursors and salts of amphetamines, respectively. 

, a refined analysis (and a few minutes longer wait) 
dentify correctly the target chemicals present in the sample. 

As such, the DIRAC sensor has the potential to become a very valuable tool that customs 
officers and law enforcement units use in their daily fight against the production, trafficking 
and street distribution of illicit drugs. At a basic level, it is expected that the DIRAC system 
will be used on the basis of previous intelligence gathered by end-users. 

users to collect data that, colligated with other information, could also 
provide new intelligence on the transit of ATS illicit drugs or their precursors.

DIRAC Scientific Coordinator: Sandro Mengali, sandro.mengali@consorziocreo.it

dirac.eu  
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The shorter chain GC/SI was successfully 

 

Left: HF-IRAS spectrum, 
compared to a MA spectrum from a reference database. Right: SI current plot measured at the output of the 

Mass Spectrometry, the most powerful technique for the 
identification of amphetamines, particularly for its ability to reject false positives and to 
recognize designer drugs, that is establish chemical and pharmacological similarities 

IRAS is today available only as 
top instrumentation for forensic labs and bulk analysis, DIRAC intends to implement 

for  field operation– together with the 
ability to analyse both bulk and trace material. Furthermore, to match the requirement of a 

to operate at different processing rates, to 
In the detection mode, 

be capable of analyzing vapours and solid particles, to deliver  an early 
precursors and salts of amphetamines, respectively. In the 

d a few minutes longer wait) will allow to treat 
present in the sample.  

As such, the DIRAC sensor has the potential to become a very valuable tool that customs 
officers and law enforcement units use in their daily fight against the production, trafficking 

ed that the DIRAC system 
users. At a higher level, 

users to collect data that, colligated with other information, could also 
S illicit drugs or their precursors. 

sandro.mengali@consorziocreo.it  


