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The invention relates to a multi-sensor laser system (1) for the selective trace analysis of organic material, the multi-sensor system
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(57) Abstract: The invention relates
to a multi-sensor laser system (1)
for the selective trace analysis of
organic material, the multi-sensor
system having at least one laser ion
mobility spectrometer (2), an absorption

— spectrometer (3) and a fluorescent

| measuring device (4). The system
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T is characterised in that it is equipped

with a device (8) for the simultaneous
generation of a common laser beam
(14) with different wavelengths and
pulses for the simultaneous operation
of the laser ion mobility spectrometer
(2), the absorption spectrometer (3) and
the fluorescent measuring device (4).
This avoids the disadvantages of the
known solutions in prior art and provides
an improved solution for the highly
sensitive and highly selective trace
analysis of organic material, in particular
hazardous substances such as explosives
and warfare agents in the air.

(57) Zusammenfassung: Ein La-
ser-Multisensorsystem (1) zur selektiven
Spurenanalyse organischer Stoffe, wobei
das Multisensorsystem zumindest ein
Laser-Ionen-Mobilitdtsspektrometer (2),
ein Absorptionsspektrometer (3) und
eine Fluoreszenz-Messeinrichtung (4)
aufweist, ist dadurch gekennzeichnet,

[ Fortsetzung auf der niichsten Seite]
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Laser multi-sensor system for the selective trace

analysis of organic materials

The present invention relates to a laser multi-sensor

5 system for the selective trace analysis of organic
materials, wherein the laser multi-sensor system has at

least one laser ion mobility spectrometer, an

absorption spectrometer and a fluorescence measuring

device.
10

Apparatuses for detecting individual organic materials

are known from the prior art. These known apparatuses

generally have a closed sample chamber for analyzing

the materials. The -analysis itself takes a few minutes

15 in such apparatuses from the prior art.

Apparatuses for detecting bacteria, viruses or other

microparticles provide for example for the filtering

out and marking of the corresponding particles before

20 these can then be detected automatically.

Thus, DE 103 06 900 Al describes a spectrometer with a
laser arrangement for analyzing gases. Therein, the
spectrometer comprises a chamber for holding a gas, a

25 device for generating a potential drop in the chamber,

a laser-light source and an optical resonator formed Dy

opposing mirrors or designed as a ring resonator. A

laser beam for ionizing the gas is generated within the
chamber. Here, an ion collector is used to detect the

30 accelerated ions.

A similar apparatus is described in DE 102 47 272 Al,
in which, however, a multi-reflection cell 1s provided

instead of an optical resonator made from opposing

35 mirrors, which mu_lti-—-reflection cell has MLYXYOLS

designed such that the laser beam 1s many-times

reflected between the mirrors. This i1ncreases the path
length of the 1laser beam interacting with the gas,

u_rhirfh Teads to a hicher current at the i1on collector.
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The optical arrangement generated by means of the

M1YXrYors forms a multiplicity of laser beams
respectiVely running between two reflection points,

which laser beams intersect in a central region and fan

out toward the mirrors.

A disadvantage of the known prior art 1s that generally

only one of many hazardous-material classes are covered

by the respective apparatuses. Examining a sample 1in
respect of a plurality of organic materials therefore

generally has to be carried out sequentially, which 1is

problematic, particularly in the case of small samples.

It is also possible for the sequentially performed

analyses to lead to changes, 1n the sample, which
falsify the measurement result. In general, this cannot

ensure that the relevant i1information originates from

one and the same molecule ensemple.

Furthermore, the known apparatuses are not able to
detect the materials directly from the surrounding air
without pre-enrichment. The usual sampling times of the
order of minutes cannot be applied to <certain
applications, such as checkpoints, gate monitoring,
danger monitoring, etc. Moreover, the known solutions

are often heavy and bulky and are assoclated with high

acquisition costs.

Therefore, the i1nvention 1s based on the object of
avoiding the disadvantages of the known solutions from
the prior art and providing an improved solution for
highly sensitive and highly selective trace analysis of
organic materials, 1n particular hazardous materials

such as explosive materials and warfare agents, in the

air. More particularly, these materials should Dbe

recognized and verified in the surrounding air 1in a

quick and accurate fashion.
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According to the 1invention, this object is achieved by

a laser multi-sensor system for the selective trace

analysis of organic materials with the features
described herein. Advantageous refinements and
developments of the 1i1nvention are also specified

herein.

In accordance with an aspect, there 1is provided a
laser multil-sensor system for the selective trace
analysis of organic materials in a sample, the laser

multi-sensor system comprising:

at least one laser 1on mobility spectrometer,
an absorption spectrometer,

a fluorescence measuring device, and

an apparatus for generating a common laser beam as a

superposition of a plurality of individual 1laser

pulses of differing wavelengths for simultaneously

operating the at least one laser 10n mobility

spectrometer, the absorption spectrometer and the

fluorescence measuring device, each wavelength being

assoclated with the operation of a corresponding one

of the at least one laser i1on mobility spectrometer,

the absorption spectrometer and the f luorescence

measuring device.

Preferably, the laser multi-sensor system according to

M

the 1nvention for the selective trace analysis of
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organic materials 15 characterized 1n that provision

1s made for an apparatus for simultaneously generating

a common laser beam with differing wavelengths and
pulses for simultaneously operating the laser 1ion
mobility spectrometer, the absorption spectrometer and

the fluorescence measuring device.

Preferably, this establishes a compact 1ntegrated
laser-based multi-sensor system for examining one and
the same sample by simultaneous measurements using a

g
p—

detection system consisting of an arrangement that

integrates a laser 1on mobility spectrometer (LIMS),
an absorption spectrometer and a fluorescence

measuring devilice 1in a special, compact configuration.

U B

the simultaneous examination of a

As a result o

p—

sample by means of various physical laser measuring

methods, which convey differing physical information

about the sample, a significant 1ncrease 1s achieved

in the selectivity and sensitivity with respect to the

detection of explosive and hazardous materials.

Preferably, this avoids the disadvantages of the known
solutions from the prior art, and provides an improved
solution for the highly-sensitive and highly-selective

trace analysis of organic materials, 1n particular

hazardous materials such as explosive materials and
warfare agents, 1n the air. More particularly, these
materials are recognized and verified in the

surrounding air in a quick and accurate fashion.
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Preferably, further advantages over other methods are

a significant improvement 1n the significance of

detection methods for explosive materials and

hazardous materials, a significant improvement 1in
sensitivity and selectivity and a high mobility of the
laser multi-sensor system according to the 1invention

as a result of a compact sensor system.

"-

Preferably, an advantageous development of the

invention provides for the apparatus for generating a
common laser beam to be provided with wavelengths 1in

the IR, visible and UV range.

Preferably, an advantageous development of the
invention provides for a planar multi-reflection
configuration to be provided for the absorption
measurement. As a result of the 1long Dbeam path, a
large number of reflection signals perpendicular to

the laser beam are generated.

Preferably, an advantageous development of the

invention provides for the laser ion mobility

-

for the multiple passage

-

spectrometer to be provided

of the sample through the laser radiation. One of the

measurement principles of the present 1nvention 1is
based on spectroscopic gas-sensor technology, which
operates using the velocity of i1ons during the

F

movement thereof under the 1nfluence of an electric

drift~-field 1n the air. Due to the differing mass and

due to the differing cross section of the 1ons, a
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distinction between 1individual materials can easily be

achieved.

Preferably, the signal 1s measured as an arrival-time
spectrum of wvarious ion types, like 1n time-of-flight
spectroscopy, but without the reqguirement of bulky

instrumentation, vacuum pumps, etc.

Preferably, so-called 1on mobility spectroscopy (IMS)

1s proposed for the present invention. Most
instruments used 1in thlis case operate with a membrane
inlet system and radiocactive ion sources. This
protects the 1nstruments from water, wvapor and all
possible other contaminants in the alr. This
i1onization principle 1s based on a charge transfer
reaction mechanism, also referred to as chemical

ionization.

Preferably, an 1important element of the 1nvention 1s
the combination of a very sensitive 1on-detection

apparatus wlth a highly selective, laser-based

ionization mechanilism.

Preferably, the 1onization process itself 1s a multi-

photon 1onlzation step leading to a more detailed 1ion

spectrum, allowing a better selectivity of the
ionization stage and a better sensitivity down into

the ppt (parts per trillion) range.

Preferably, the analysis part of the i1on mobility

g~

spectroscopy i1nstrumentation 1s used for detecting,
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for example, enzymatic reaction products, pyrolysis
starting materials of bio-molecules or chemicals from

toxins.

Preferably, an advantageous development of the
invention provides for the fluorescence measuring
device to have a large solid angle for detecting
characteristic fluorescence radiations. The
fluorescence device 1s also suitable for detecting

bio-molecules, for example.

Preferably, a particularly advantageous development of
the 1nvention provides for the laser multi-sensor
system to be provided for simultaneocously measuring a
sample using the laser 1on mobility spectrometer, the

absorption spectrometer and the fluorescence measuring

device. It 1s an 1mportant feature of the invention
that the measurements are performed simultaneously and
the laser excitation takes place in a single laser

beam Dbecause only this ensures that the relevant

information originates from one and the same molecule

ensemble. Only this affords the possibility of

obtaining a plurality of 1tems of 1information by a

single sample and of improving the significance.

Preferably, an advantageous development of the

invention provides for the simultaneous measurement to
take place 1n real time. Thils makes the laser multi-

sensor system according to the invention outstandingly
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-74 -

suitable for the use at security gates, for example

for the identity checkpoints at airports.

rn

Preferably, an advantageous development O: the
invention provides for the apparatus for
simultaneously generating a common laser Dbeam to be

provided as a laser system, which has at least three

laser sources with differing wavelengths that are

coupled 1nto a common beam by means of a beam coupler.
By way of example, 1t 1s possible to use a compact
laser unit that simultaneously generates sultable

radiation at the optimum wavelengths for the

respective detection methods and pulses 1n the IR,

visible and UV range.

Preferably, another advantageous development o©of the

invention provides for the laser system to have a

p—r

pulse control wunit for synchronizing the at least

-
p—

three laser sources of differing wavelength. As a

P

result of this, the laser Dbeams with differing

wavelengths are 1dentically clocked. All three lasers
are synchronized by the common pulse control unit such

that the radiation 1s emitted 1n a single pulse. The

long component contains the radiation for the

absorption and fluorescence measurement, and the short
component brings about the 1onization of the sample
molecules. In terms of timing, the short ©pulse
component 1s preferably at the end of the 1long

component, since the 1ons are then suctlioned away by
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- 7b -

the electric field in the 1on mobility spectrometer

and wander to the detection electrode.

Finally, preferably an advantageous development of the

g
p—

invention provides for provision to be made for an

evaluation unit for interpreting the detector signals.

By way of example, the detector silgnals are

P

interpreted wilth the ald of optimized pattern

recognition methods.

Further measures 1mproving the 1nvention are explained

1n more detail below together with the description of

a preferred exemplary embodiment of the 1invention on

pr .

the basis of the figures, 1n which

figure 1la shows a schematic 1llustration of a
measurement arrangement according to the

present i1nvention;

figure 1lb shows a view of the measurement arrangement

from figure la, rotated by 90°;

figure 2 shows a schematic i1illustration of the Dbeam
coupler of a laser system according to the

inventlon 1n a slde view; and

figure 3 shows a schematic 1llustration of the

synchronized laser pulses.

Figure la shows a schematic sketch of the principle of
the measurement arrangement. Figure 1lb shows the

measurement arrangement from figure la, rotated by
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90°. The preferred embodiment of a laser multi-sensor

system 1 according to the 1nvention 1llustrated 1in
figures la and 1lb allows a long measurement path for

the absorption measurement by means of a detector for

absorption measurement 3, for example using IR

radiation, through a planar multi-reflection cell 5.

Here, the multi-reflection <cell 5 has oppositely

arranged mirrors 7 and optical lenses 6.
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Furthermore, a large 1ionization vyield for a coupled
laser ion mobility spectrometer 2 1s made possible,

which is achieved by the multiple passage of the laser

radiation, preferably UV radiation, through the sample

10. In figure la, the laser ion mobility spectrometer 2

(LIMS) 1s arranged perpendicular to the plane of the

drawing, which is why 1t has been pivoted out to the

right edge of the drawing for visualization reasons.

Moreover, the laser multi-sensor system 1 according to

the 1nvention affords a 1large solid angle for the

detection of characteristic fluorescence radiation by

means of a fluorescence detector 4. In the process, the

fluorescence radiation 1s excited by means of an
additional wavelength contained 1n the measurement
beam. Finally, the system 1 according to the invention
allows simultaneous analysis of a sample 10 using all

three aforementioned methods, 1.e. laser 1on mobility

spectroscopy, absorption spectroscopy and fluorescence

analysis.

By way of example, a sample 10 can be contained in a

gas flow guided 1i1into the center of the measurement

arrangement by means of a sample inlet 9 formed by, for

example, a tube with preferably a small diameter. It 1is

also possible to insert a sample 10, which 1s situated

on a suitable small carrier, into the measurement

center, where, for example, said sample 1s evaporated

from the carrier by heating.

Figure 2 shows a schematic illustration of the beam

coupler 17, or of the optical interface, of a laser

system 8, as 1s used 1n a laser multi-sensor system

according to the invention. The laser system 8 has a

first laser source 11, a second laser source 12 and a

third laser source 13, which are designed as solid-

state lasers 1in the present exemplary embodiment and

the laser beams of which propagate collinearly. The
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laser beams with the wavelengths '}\1, Ay and A3 are

optimally matched to the wvarious detection methods and

are provided in a common laser beam 14 by means of a

beam coupler 17. In the present exemplary embodiment,
the beam coupler 17 consists of two edge filters 15 and
a mlirror \116, by means of which the laser beams of the

laser sources 11, 12, 13 are deflected and superposed.

Figure 3 shows a schematic i1llustration  of a

synchronized 1laser pulse. All three lasers are

synchronized by means of a common pulse control unit

(not illustrated) such that the radiation is emitted in

a single pulse. In doing so, the pulse contains a long

comp'énent of the order of approximately 1 pus up to a
few ms and a short component of the order of a few ns,
as 1s explained by figure 3. The long component

contains the radiation for the absorption and

fluorescence measurement and the short component brings
about the ionization of the sample molecules. In terms

of timing, the short pulse component 1s at the end of
the long component, since the 1ons are then suctioned

away by the electric field 1in the 10on mobility

spectrometer and wander to the detection electrode.

This temporal succession, l1.e. triggering the peak for
the ionization at the end of the measurement, prevents

an adverse i1nfluence on the fluorescence measurement

and the absorption measurement and the obtained

measurement values have not been falsified.

The embodiment of the invention 1s not restricted to
the aforementioned preferred exemplary embodiment.
Rather, é number of variants are feasible that make use

of the solution claimed 1in the patent claims, even in

the case of differently designed embodiments.



CA 02706787 2010-05-26

WO 2009/068218 - 10 - PCT/EP2008/009814

" List of reference signs

Laser multi-sensor system
Laser i1on mobility spectrometer

- Detector for adsorption measurement
Fluorescence detector
Multi-reflection cell
Optical lens

“Mirror

Laser gsystem

O 00 ~J O U1 & W N B

Sample inlet

-
-

Sample

 —
=

Laser source 1

Laser sourace 2 -

-
WEEN

Laser source 3
Common laser beam
Edge filter

16 Mirror

i
Ul >



10

15

20

29

CA 02706787 2015-09-15

- 11 -

What 1s claimed 1s:

1. A laser multi-sensor system (1) for the selective
trace analysis of organic materials 1n a sample (10),

the laser multi-sensor system (1) comprising:
at least one laser 10on mobilility spectrometer (2),
an absorption spectrometer (3),

a fluorescence measuring device (4), and

an apparatus for generating a common laser beam (14)

ol

as a superposition of a plurality of 1ndividual laser

Pr——

pulses of differing wavelengths for simultaneously

operating the at least one laser 1on mobility
spectrometer (2), the absorption spectrometer (3) and
the fluorescence measuring device (4), each wavelength

being associated with the operation of a corresponding

one of the at least one laser 10n mobility
spectrometer (2), the absorption spectrometer (3) and
the fluorescence measuring device (4).

2. The laser multi-sensor system (1) as claimed 1n
claim 1, wherein the apparatus for generating the

common laser beam (14) 18 provided with wavelengths 1in

the IR, visible and UV range.

3. The laser multili-sensor system (1) as claimed 1n
claim 1 or 2, wherein a planar multi-reflection
configuration (5) is provided for the absorption

spectrometer (3).
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4. The laser multi-sensor system (1) as claimed 1in

iy,

any one of claims 1 to 3, wherein the at least one

laser ion mobility spectrometer (2) 1s provided for
the multiple passage of the sample (10) through the

laser radiation.

5. The laser multi-sensor system (1) as claimed 1n

any one of claims 1 to 4, wherein the fluorescence

measuring device (4) has a large solid angle for

detecting characteristic fluorescence radiliations.

0. The laser multi-sensor system (1) as claimed 1in

any one of claims 1 to 5, wherein the laser multi-
sensor system (1) 1s provided for the selective trace
analysis of the sample (10) using the at 1least one
laser 10on mobility spectrometer (2), the absorption

spectrometer (3) and the fluorescence measuring device

(4) .

7. The laser multi-sensor system (1) as claimed 1n

any one of claims 1 to 6, wherein the selective trace

analysis takes place 1in real time.

8 . The laser multi-sensor system (1) as claimed 1n

any one of claims 1 to 7, wherein the apparatus for
generating the common laser peam (14) 1s provided as a
laser system (8), which has at 1least three laser
sources (11, 12, 13) of differing wavelengths that are

coupled 1nto the common beam (14) by means of a beam

coupler (17).
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9. The laser multi-sensor system (1) as c¢claimed 1in
claim 8, wherein the 1laser system (8) has a pulse

control wunit for synchronizing the at least three

laser sources (11, 12, 13) of differing wavelengths.

10. The 1laser multi-sensor system (1) as claimed 1in
any one of claims 1 to 9, wherein provision 1S made
for an evaluation unit for 1interpreting the detector

signal.
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