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(57) ABSTRACT 

A sensor for identifying at least one particle by means of 
Raman-spectroscopy, comprising an optical trapping system 
for the at least one particle, including a laser-beam source, 
acting further as a Raman excitation Source fortheat least one 
particle, and a Raman-spectrometer for measuring the spec 
trally modified light scattered by the at least one particle and 
for identifying same, wherein the optical trapping system 
comprises a photonic crystal directly linked with the laser 
beam source, which photonic crystal has multiple cavities at 
predetermined positions, and wherein the laser-beam source 
in use resonantly excites one or more predetermined electro 
magnetic modes of the cavities at said positions for trapping 
and Raman-exciting the at least one particle. 

6 Claims, 1 Drawing Sheet 
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SENSOR FOR DENTIFYING AT LEAST ONE 
PARTICLE BY MEANS OF 
RAMAN-SPECTROSCOPY 

This application is a continuation-in-part application of 
international Patent Application Serial No. PCT/EP2008/ 
055860, entitled “Sensor for Identifying at Least One Particle 
by Means of Raman-Spectroscopy', to Technische Univer 
siteit Delft, KIWA Water Research B.V. and 2M Engineering 
Ltd., filed on May 13, 2008, and the specification and claims 
thereof are incorporated herein by reference. 

This application claims priority to and the benefit of the 
filing of European Patent Application Serial No. 07108065.9, 
entitled “Sensor for identifying at least one particle by means 
of raman-spectroscopy, filed on May 11, 2007, and the 
specification and claims thereof are incorporated herein by 
reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

Not Applicable. 

INCORPORATION BY REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT DISC 

Not Applicable. 

COPYRIGHTED MATERIAL 

Not Applicable. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention (Technical Field) 
The invention relates to a sensor for identifying at least one 

particle by means of Raman-spectroscopy, comprising an 
optical trapping system for the at least one particle, including 
a laser-beam source, acting further as a Raman excitation 
Source for the at least one particle, and a Raman-spectrometer 
for measuring the spectrally modified light scattered by the at 
least one particle and for identifying same. 

2. Description of Related Art 
The article “Identification of Single Bacterial Cells in 

Aqueous Solution Using Confocal Laser Tweezers Raman 
Spectroscopy’ by C. Xie et al., published in Analytical Chem 
istry, 2005, vol. 77, no. 4390-4397 reports on a rapid method 
for reagentless identification and discrimination of single 
bacterial cells in aqueous solutions using a combination of 
lasertweezers and confocal Raman-spectroscopy. The optical 
trapping enables capturing of individual bacteria in an aque 
ous solution in the focus of the laser beam, and levitating the 
captured cell well off a cover plate, thus maximizing the 
excitation and collection of Raman scattering from the cell 
and minimizing the unwanted background from the cover 
plate and environment. Raman spectral patterns excited by a 
near-infrared laserbeam provide intrinsic molecular informa 
tion for reagentless analysis of the optically isolated bacte 
rium. 

Although according to the article a rapid identification of 
single bacterial cells in an aqueous solution is possible, the 
sensor set up used therefore was experimental and not Suited 
for widespread use at distributed places throughout the world 
at which monitoring for harmful particles is a continuous 
need. This may relate to outlets for drinking water but also 
specific applications in a hospital environment or elsewhere. 
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2 
With the invention it is aimed to provide a sensor which is 

suitable for such wide spread and local use where no exten 
sive laboratory equipment is available. 
A sensor according to the preamble of claim 1 is further 

known from WO-A-2006/130728. 

SUMMARY DESCRIPTION OF THE INVENTION 

The sensor of the invention is characterized by one or more 
of the appended claims. 

In a first aspect of the invention the sensor is characterized 
in that the optical trapping system comprises a photonic crys 
tal directly linked with the laser-beam source, which photonic 
crystal has multiple cavities at predetermined positions, and 
wherein the laser-beam source in use resonantly excites one 
or more predetermined electromagnetic modes of the cavities 
at said positions for trapping and Raman-exciting the at least 
one particle, wherein the photonic crystal, the laser beam 
Source and the Raman-spectrometer are housed in a unitary 
device having an inlet and an outlet for a fluid carrying during 
operation the at least one particle through the device, wherein 
a fluid channel connects the inlet to the outlet, and wherein 
boundary walls of the fluid channel are formed by the Raman 
spectrometer and the photonic crystal. 

In this way the sensor is very suitable for use at a selected 
site providing as it were a laboratory on a chip, particularly 
when in the preferred situation the laser-beam source is 
selected to be at least one semi-conductor laser, and the pho 
tonic crystal is made of a material that is compatible with the 
semi-conductor material of said laser. This facilitates the 
integration and miniaturization of the sensor of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

It is remarked that US-A1-2006/119853 relates to Raman 
spectroscopy, in particular surface enhanced Raman spectros 
copy (“SERS). This document teaches the use of a thin metal 
film deposited on a dielectric substrate patterned in the form 
of a photonic crystal to extract a SERS-signal from low con 
centrations of analyte molecules embedded inside the photo 
nic crystal lattice, therewith enhancing the Raman-signal. 
The beauty of the invention is however that the photonic 

crystal has cavities that act both as trapping units for the 
particles to be identified, as well as means for providing 
Raman-excitation to said particles without the need to apply 
and excite a metals surface or a metalloelectric film on a 
substrate's surface. The energy required herefore stems from 
the laser-beam source that is directly linked to the photonic 
crystal and that resonantly excites electromagnetic modes of 
the cavities of the photonic crystal. Through the use of mul 
tiple cavities the chance of any particle getting trapped so as 
to be able to identify same is virtually 100%. 

It is preferred that the walls of the fluid channel are at a 
distance which is Smaller than approximately twice the par 
ticles diameter. A doubled efficiency can be obtained with a 
design that is based on a photonic crystal membrane that acts 
as a central wall of a fluidic system, with separate Raman 
spectrometers for measurement of the emitted spectrum on 
opposite sides thereof. 

It is further preferable that the laser source and/or the 
photonic crystal is Switchable between an on-position and an 
off-position. When the laser and the photonic crystal are in the 
on-position, the at least one particle can become trapped and 
Raman-excited, whereas when the laser source or the photo 
nic crystal is Subsequently placed in the off-position the at 
least one particle is released so as to allow it to continue with 
the flow of the fluid going through the device. A quasi-con 
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tinuous operation is then possible as opposed to single-shot 
operation. Equivalently one could add further optical or elec 
trical means to execute the Switching of the light beam to and 
away from the cavities for trapping and Raman exciting. 
The sensor of the invention can advantageously be used 

with a particle that is selected from the group comprising 
micro-organisms (bacteria, viruses, fungi and spores), single 
cell organisms (algae, protozoa) and body fluid cells. 

To ease the use of the sensor of the invention it is preferable 
that the Raman-spectrometer is provided with a memory with 
data representing typical Raman spectra for preselected par 
ticles, and that it includes a discriminator for selecting one of 
the preselected particles having a Raman spectrum that best 
matches a current Raman-spectrum measurement. 
The discriminator thus provides the answer as to which 

particle has been sensed and identified. 

DESCRIPTION OF THE DRAWING AND THE 
INVENTION 

The invention will hereinafter be further elucidated with 
reference to the drawing showing in a single FIGURE a 
schematic set up of a sensor according to the invention. 

It will be understood by the person skilled in the art that the 
following description as well as the previous discussion 
merely serve to elucidate the appended claims without limit 
ing the claims to anything less than the equitable protection 
that should follow from the appended claims, and without 
necessarily limiting same to their literal reading. 

DESCRIPTION OF THE DRAWING 

The single FIGURE1 which is attached hereto shows with 
reference numeral 1 the sensor of the invention for identifying 
at least one particle by means of Raman-spectroscopy. 

DETAILED DESCRIPTION OF THE INVENTION 

The particles to be investigated flow through the sensor 1 
by means of a fluid which enters the sensor 1 at the inlet 2 and 
exits the sensor 1 at the outlet 3. Between inlet 2 and outlet 3 
the Raman-spectroscopy takes place. 

In view of the fact that the sensor 1 is a stand-alone device 
it can operate either by means of a battery or by means of 
connection to a power outlet to which it may be connected 
through an electrical cord 4. 

The sensor 1 is, as FIGURE 1 shows, a unitary device in 
which a photonic crystal 5, a laser-beam source 6 and a 
Raman-spectrometer 7 are housed. As the FIGURE shows the 
photonic crystal 5 and the Raman-spectrometer 7 are at oppo 
site sides of a fluid channel 8 connecting the inlet 2 with the 
outlet 3 of the sensor 1. Preferably the Raman spectrometer 7 
and the photonic crystal 5 form boundary walls of said fluid 
channel 8. 
When a fluid with the particles to be determined flows 

through the fluid channel 8 of the sensor 1, the laser-beam 
Source 6 is in an on-position meaning that it is active. The 
laser-beam source 6 transmits its light signals in the direction 
of the photonic crystal 5, the cavities of which are due thereto 
getting into a resonance Such that the particles getting in the 
vicinity of said cavities become optically trapped and also 
Raman-excited. The Raman scattered light originating from 
the excited particles is in real-time collected by the Raman 
spectrometer 7 and this measured Raman-spectrum is con 
sidered to be a fingerprint for the particle that is currently 
being measured by the sensor 1. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
In order to identify the concerning particle, the sensor 1 is 

provided with a memory 9 that is filled with data representing 
typical Raman-spectra for pre-selected particles. 

Further the sensor 1 comprises a discriminator 10 which 
carries out a comparison between the actually measured 
Raman-spectrum by the Raman-spectrometer 7, and the data 
that is provided in the memory 9. Eventually the discrimina 
tor selects one of the pre-selected particles from the memory 
9 that has a Raman-spectrum that best matches the currently 
measured Raman-spectrum by the Raman-spectrometer 7, 
and displays same in the display 11. The memory 9, discrimi 
nator 10 and display 11 can be integrated in a single device. It 
is noted that also other solutions are possible such as a simple 
indication whether the measured particle is dangerous or not 
for peoples’ health. 
The sensor 1 of the invention is well suited for measuring 

the suitability for human use of drinking water. The applica 
tion of the sensor of the invention is however not limited to 
this application, also other applications in the medical and/or 
pharmaceutical field are envisaged. 
The use of the sensor of the invention over prior art meth 

ods provides many advantages. 
Prior art methods for sensing of bacteria in water are off 

line and involve laborious and time consuming methods such 
as culture growing methods and DNA-amplification tech 
niques or a combination thereof. 
By using the sensor of the invention measurements can be 

performed approximately ten times as fast as in the prior art, 
and providing many advantages in very diverse applications 
ranging from online monitoring of industrial processes to 
establishing at distant sites the suitability of water for human 
consumption. 

What is claimed is: 
1. Sensor for identifying at least one particle by means of 

Raman spectroscopy, comprising an optical trapping system 
for the at least one particle, including a laser-beam source, 
acting further as a Raman excitation Source fortheat least one 
particle, and a Raman-spectrometer for measuring the spec 
trally modified light scattered by the at least one particle and 
for identifying same, 

wherein the optical trapping system comprises a photonic 
crystal directly linked with the laser beam source, which 
photonic crystal has multiple cavities at predetermined 
positions, and 

wherein the laserbeam source in use resonantly excites one 
or more predetermined electromagnetic modes of the 
cavities at said positions for trapping and Raman-excit 
ing the at least one particle, 

wherein the photonic crystal, the laser-beam source and the 
Raman-spectrometer are housed in a unitary device hav 
ing an inlet and an outlet for a fluid carrying during 
operation the at least one particle through the device, 

wherein a fluid-channel connects the inlet and the outlet, 
and 

wherein said fluid channel has boundary walls formed by 
the Raman-spectrometer and the photonic crystal. 

2. Sensor according to claim 1, wherein the walls of the 
fluid channel are at a distance which is Smaller than approxi 
mately twice the particle's diameter. 

3. Sensor according to claim 1, wherein the laser beam 
Source is at least one semiconductor laser, and the photonic 
crystal is made of material that is compatible with the semi 
conductor material of said laser. 

4. Sensor according to claim 1, wherein the laser source 
and/or the photonic crystal is switchable between an on 
position and an off-position. 
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5. Sensor according to claim 1, wherein the at least one 
particle is selected from the group comprising micro-organ 
isms, single cell organisms, body fluid cells. 

6. Sensor according to claim 1, wherein the Raman-spec 
trometer is provided with a memory with data representing 
typical Raman spectra for preselected particles, and that it 

6 
includes a discriminator for selecting one of the preselected 
particles having a Raman spectrum that best matches a cur 
rent Raman spectrum measurement. 


