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General Information



 



Locations

Conference Talks and Poster Sessions (25. - 26. September)

Stadthaus Ulm, Münsterplatz 50, 89073 Ulm (directly southwest of the Ulm Münster)

Conference Dinner (26. September, 7:00 p.m.)

Restaurant “Ratskeller“, Marktplatz 1, 89073 Ulm

Equipment Demonstration (27. September)

WITec Headquarters, Lise-Meitner-Str. 6, 89081 Ulm

See enclosed city map for details.

Bus Shuttle

WITec will provide a Bus Shuttle Service on 27. September from the Ulm town center to WITec Headquarters and 

back. Bus departure will be from the bus stop at the City Center / Tourist-Bus Parking Area at the corner of Neue 

Straße/Glöcklerstraße (see enclosed city map).

Departure from town center to WITec: 8.45 a.m.

From WITec to the main station and town center: 3.30 p.m.

Meals

Lunch and dinner on 26. September as well as lunch on 27. September will be provided by WITec.

WLAN

WLAN connection for guests is available in the WITec Headquarters building.

WLAN name: Pegasus  WLAN password: Goldwing4all!

General Information



Conference Program 

 
Monday, 25. September 2017 Stadthaus Ulm, Münsterplatz 50, Ulm 

14:00 – 14:30  Registration & Coffee 

14:30 – 14:45  Welcome 

14:45 – 15:45 Sebastian Schlücker The Principles of Raman Spectroscopy and its Application in Microscopy 

15:45 – 16:00  Coffee 

16:00 – 16:45 Olaf Hollricher 3D Confocal Raman Imaging. Instrumentation, Resolution & Configurations 

16:45 – 17:30 Admir Masic Multiscale Correlative Raman Microscopy: Techniques and Applications 

17:30 – 19:00  Poster Session & Get-together with Beer, Wine and Snacks 

19:00 – 20:30  Sightseeing Tour: Ulm’s Historic Center 

 

 

  

 

Tuesday, 26. September 2017 Stadthaus Ulm, Münsterplatz 50, Ulm 

08:45 – 09:00  Coffee 

 Session I – Life Sciences & Pharmaceutics 

09:00 – 09:30 Maike Windbergs Raman Microscopy for Analysis of Preclinical in vitro Models and their Interactions with 

Novel Therapeutics 

09.30 – 10:00 Paul Pantano Determining the Intracellular Fate of Raman-active Nanoparticles in Macrophage Cells 

 Session II – Materials Science 

10:00 – 10:30 Bastian Barton Raman for Structure Elucidation of Micro-structured Polymers 

10:30 – 11:00  Coffee 

11:00 – 11:30 Helena Nogueira Raman Imaging in SERS Studies 

11:30 – 12:00 José Swart Raman Microscopy to Support R&D for Coatings and Specialty Chemicals 

12:00 – 13:00  Lunch & Poster Session (continued) 

 Session III - Low-dimensional Materials 

13:00 – 13:30 Satender Kataria Raman Spectroscopy for 2D Material-based Sensor Development 

13:30 – 14:00 Siegfried Eigler Visualization of Statistical Raman Spectroscopy of Graphene Derivatives 

 Session IV – Geo and Environmental Sciences 

14:00 – 14:30 Dina M. Bower The Geochemical Characterization of Ancient Terrestrial Rocks Using Micro Raman 

Spectroscopy: Applications to the Search for Life Beyond Earth 

14:30 – 15:00 Natalia Ivleva Raman Microspectroscopy for Analysis of Microplastic in Environmental Samples 

15:00 - 15:30   Coffee 

 Contributed Session – Oral Presentations 

15:30 - 15:50 Jens Sommertune Confocal Raman Microscopy Proves its Versatility at an Institute of Applied Research 

15:50 – 16:10 Walter Müller Signal and Speed Limits in 3D Raman Micro-Spectroscopy 

16:10 – 16:30 Zuzana Kronekova Structural Changes in Hydrogel Microspheres Triggered by in Vivo Conditions 

19:00  Conference Dinner & Best Poster Award Ceremony 

  



 

 

 

  

 

Wednesday, 27. September 2017 WITec Headquarters, Lise-Meitner-Str. 6, Ulm 

08:45  Bus Shuttle from Ulm Town Center to WITec Headquarters 

09:15 – 09:30  Confocal Raman Imaging System Configurations – An Overview 

09:30 - 12:15 Equipment Demonstration • Confocal Raman Imaging & Automation; 

• Combining AFM & Raman Imaging;  

• TrueSurface & Large Area Imaging;  

• WITec Project FIVE Data Evaluation Software;  

• RISE Microscopy 

12:15 - 13:15  Lunch 

13:15 - 14:45 Equipment Demonstration  Continued 

14:45 – 15:00  Coffee & Wrap-Up 

15:30  Bus Shuttle from WITec Headquarters to Ulm City Center 

 

 
 
 
 
Photography / Camera / Recording Policy  

Attendees are not permitted to take photos or videos of speakers’ slides, posters 

or demonstration instruments. 

  



Invited Speakers 

Prof. Dr. Sebastian Schlücker, University Duisburg-Essen, Physical Chemistry Department, Germany 

Sebastian Schlücker is Professor of Physical Chemistry at the University of Duisburg-Essen. His research interests include the design, 

synthesis and bioanalytical applications of SERS nanoparticle probes as well as the development and application of laser spectroscopic 

techniques in biophysical chemistry. 

Dr. Olaf Hollricher, WITec GmbH, Ulm, Germany 

Olaf Hollricher is managing director at WITec and head of Research & Development. 

Prof. Dr. Admir Masic, Massachusetts Institute of Technology (MIT), Cambridge, USA 

Admir Masic is a Professor in the Department of Civil and Environmental Engineering at MIT. His work is focused on investigating the 

structural and mechanical properties of biological materials, including the study of ageing and pathological processes with multi-scale 

chemical imaging. 

Prof. Dr. Maike Windbergs, Goethe University Frankfurt, Germany 

Maike Windbergs is a Professor of pharmaceutical technology at Goethe University in Frankfurt and the Buchman Institute for 

Molecular Life Sciences. Her research interests are focused on novel drug delivery approaches and their effective translation into clinics. 

She uses Raman microscopy to investigate the physicochemical composition and behavior of drug delivery systems as well as 

interactions of drugs and their carriers within biological environments. 

Prof. Dr. Paul Pantano, University of Texas at Dallas, Richardson, USA 

Paul Pantano is an Associate Professor in Analytical Chemistry at the University of Texas at Dallas. His research interests include 

improving the accuracy of nanotoxicity assessments, advancing the therapeutic applications of nanomaterials and developing label-

free methods to detect nanomaterial contamination in the workplace. 

Dr. Bastian Barton, Fraunhofer Institute for Structural Durability and System Reliability LBF, Darmstadt, Germany 

Sebastian Barton is a staff scientist in the Material Analytics group at the Fraunhofer Institute. He develops analytical methods for 

industrial polymer applications, with a special focus on vibrational spectroscopy imaging and multivariate data analysis. 

Prof. Dr. Helena Nogueira, University of Aveiro, Portugal 

Helena Nogueira is an Assistant Professor in the Department at Chemistry of the University of Aveiro, and a researcher at the CICECO-

Aveiro Institute of Materials. Her research interests include Raman spectroscopic studies of nanostructured materials, in particular 

using surface-enhanced Raman scattering (SERS) for the study of metal nanoparticle assemblies with relevance in trace analysis and 

bio-detection. 

José Swart, Akzo Nobel Functional Chemicals B.V., Deventer, The Netherlands 

In the R&D department of Akzo Nobel Functional Chemicals B.V. José Swart focuses on Raman FTIR and SEC analysis of polymers, 

coatings and paints.  

Dr. Satender Kataria, RWTH Aachen University, Aachen, Germany 

Satender Kataria is a research assistant at RWTH Aachen University, Chair for Electronic Devices. He is working on large-scale synthesis 

of two-dimensional (2D) materials and strives to correlate their characteristics with their electronic and optoelectronic applications. He 

is actively involved in experimental design and trains students in 2D materials research. 

Prof. Dr. Siegfried Eigler, Free University of Berlin, Germany 

Siegfried Eigler is a Professor at the Institute of Chemistry and Biochemistry at the Free University of Berlin. In his research, he aims to 

control the chemistry of graphene and related materials. Another focus is the creation of new materials that overcome the current 

technological problems of solar cells, emission devices and medical diagnostics. 

Dr. Dina Bower, NASA Goddard SFC, Greenbelt, USA 

As a research scientist at NASA Goddard Space Flight Center in Greenbelt, USA, Dina Bower uses micro Raman spectroscopy to establish 

or rule out biosignatures in geologic materials. These include ancient Earth rocks containing microfossils, meteorite material and 

experimentally-induced biominerals. 

Dr. Natalia Ivleva, Technical University Munich, Germany 

Leading the Raman Group at the Institute of Hydrochemistry, Chair of Analytical Chemistry at the Technical University Munich, Natalia 

Ivleva’s research interests focus on the application of Raman microspectroscopy for non-desctructive chemical 2D & 3D analysis of 

various environmental matrices and pollutants. 
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Taxi Ulm Phone +49 (0)731 - 660 66

By car

On motorway A7 from the South (Kempten/Memmingen):
At interchange Hittistetten take exit Ulm/Neu-Ulm/Senden (Exit 122). Drive past Neu-Ulm, continue along the B10 
through Ulm, up the hill. Take exit Langenau/Wissenschaftsstadt/Kliniken/Eselsberg. Keep left - you are now on the 
Berliner Ring ...

On motorway A7 from the North (Würzburg)
At interchange Ulm/Elchingen merge onto A8 towards Stuttgart. Take exit 62 Ulm-West onto the B10 towards Ulm/
Friedrichshafen. After about 4 km take exit Blaustein/Wissenschaftsstadt to get onto the Berliner Ring ...

On motorway A8 from East (München) and from West (Stuttgart)
Take exit 62 Ulm-West onto the B10 towards Ulm/Friedrichshafen. After about 4 km take exit Blaustein/
Wissenschaftsstadt to get onto the Berliner Ring ...

... continued
When you have reached the Berliner Ring, turn left at the second light onto Wilhelm-Runge-Straße / Science Park II. 
Then take the next exit to the right onto Lise-Meitner-Straße. After 200 meters you will have reached your destination, 
WITec Headquarters. Parking places are in front of the building.

Directions to WITec, Ulm

Ulm

A8

A7

Stuttgart München/Munich

Würzburg

Memmingen/Kempten

Berliner Ring

Exit 62

Exit 122

B10

B28

N

S

W E



From airports by trains

Frankfurt (280 km)
Take the train from the airport to Ulm Hbf (Ulm main station). Takes 2-2.5 hrs.

Stuttgart (80 km)
Take the S-Bahn  (local train) S3, platform 2, towards Backnang to Stuttgart Hbf. (main station). From there take a train 
to Ulm Hbf (Ulm main station). Takes 1.5 - 2 hrs.

München / Munich (160 km)
Take the S-Bahn (local train) S8 to München-Pasing or the S-Bahn to München Hbf (main station). From there change to 
a train to Ulm Hbf. (main station). Takes 2-2.5 hrs.

Memmingen (60 km)
Take the bus line 810 towards Memmingen Bahnhof / ZOB or line 982 towards Frundsbergstraße to Memmingen 
Bahnhof/ZOB. Then take a train to Ulm Hbf (main station).

There is extensive construction around of the Ulm train station, though buses and taxis can be found there.
Bus line 3 towards Wissenschaftsstadt
Line 5 towards Universität Süd
Get off at bus stop Lise-Meitner-Straße. Walk along Lise-Meitner-Straße, after 400 meters you will ind our building on 
your left hand side.



Send a paper (PDF format) to papers@witec.deSend a paper (PDF format) to papers@witec.deSend a paper (PDF format) to papers@witec.deSend a paper (PDF format) to papers@witec.deSend a paper (PDF format) to papers@witec.de
and include your full contact information.and include your full contact information.and include your full contact information.and include your full contact information.and include your full contact information.

Automatically participate in theAutomatically participate in the
WITec Paper Award with a chanceWITec Paper Award with a chanceWITec Paper Award with a chance
to win a 500 Euro Amazon gift card.to win a 500 Euro Amazon gift card.to win a 500 Euro Amazon gift card.

WITec Headquarters
WITec GmbH

Lise-Meitner-Straße 6 . D-89081 Ulm . Germany

Phone +49 (0) 731 140700 . Fax +49 (0) 731 14070200

info@WITec.de . www.WITec.de
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Multivariate Raman analysis sheds light on complex materials 
 

Bastian Barton, Guru Geertz, Carsten Biebesheimer and Robert Brüll 
Fraunhofer Institute for Structural Durability and System Reliability LBF, 

Schlossgartenstr. 6, D-64289 Darmstadt, Germany 
 
The systematic improvement of complex polymer materials rely on an in-depth 
understanding of both their physical structure and chemistry on a supra-molecular 
scale that matches typical motifs such as crystallites, with a size of some 100 nm. To 
date, no analytical method exists that 1st – is both sensitive to chemical composition 
and physical structure, 2nd – provides three-dimensional information in the deep sub-
micron range and 3rd – is fast and can be automated for industry applications. 

Having undergone rapid technical development in recent years, state-of-the-art 
confocal Raman microscopy provides spatial resolution of ~200 nm paired with 
outstanding signal quality, thus being a powerful technique for materials science [1]. 
In the case of polymers, heterogeneous materials must be studied where gradients of 
composition may exist even within a 1 µm3 voxel. A serious challenge for Raman 
microscopy of polymers arises from the fact that molecular structures, and thus 
vibrational spectra, merely show subtle differences [2]. In many cases, this hampers 
the use of simple univariate approaches for data analysis, which creates a strong 
need for sophisticated multivariate methods. 

We present a new method for high-resolution 3D analysis of multilayered polymer 
materials using Raman microscopy that yields number, chemical identity and local 
concentration of components without any a-priori knowledge. By various examples, 
we show how multivariate decomposition, combined with supervised and 
unsupervised machine learning algorithms, unravel the structure of commercially 
relevant multilayer foils. Components and failure modes can be learned either from 
databases or from prior analyses. The method can be automated to a large degree, 
and thereby optimized for industrial application. Possible future applications include 
biology, organic electronics, energy- and nano materials. 

[1] Ploetz et al., Applied Physics B: Lasers & Optics 87.3 (2007) 
[2] Sanoria et al., Macromolecular Chemistry and Physics 217.9 (2016) 
 
 

 

Fig. 1: Combined multivariate / machine learning analysis of a Raman depth scan into an 

industrial multilayer polymer foil 



The geochemical characterization of ancient terrestrial rocks using 
micro Raman spectroscopy: applications to the search for life 

beyond Earth 
 

Dina M. Bower1, Andrew Steele2, Pamela G. Conrad3, Marc D. Fries4 
1NASA Goddard Space Flight Center, Greenbelt, MD USA 

2Carnegie Institution for Science , Washington, DC, USA 
3NASA Goddard Space Flight Center, Greenbelt, MD, USA 

4NASA Johnson Space Center, Houston, TX USA 
 

 
Ancient terrestrial rocks contain some of the most compelling microtextures and 

geochemical signatures indicative of early life on Earth. Some of these rocks are 

good analogs for other planetary environments where similar deposits have been 

identified.  Unfortunately the geologic events that occurred over billions of years on 

Earth have obscured otherwise syngenetic biosignatures and likewise created false 

signatures in the form of secondary carbon emplacement or diagenetic phase 

changes. Typically the younger rocks ≤ 2 Ga, contain unambiguous evidence for life, 

but the origins of fossil features in much older rocks are more difficult to clearly 

ascertain. Here confocal micro Raman spectroscopy and imaging are used to 

characterize the chemical composition and spatial relationships of mineral phases 

and carbonaceous materials in ancient fossil-bearing chert deposits from the ~400 

Ma Rhynie, 1.88 Ga Gunflint, ~3.42 Ga Strelley Pool, ~3.46 Ga Apex, and  ~3.49 Ga 

Dresser Formations. Our results show some similarities between the younger and 

older samples, but the mineral and carbon signatures in the older samples are more 

indicative of abiotic processes. The exploration of these types of deposits with 

Raman spectroscopy is of particular relevance to upcoming life detection missions on 

Mars, and the unambiguous detection of biosignatures in these rocks will be 

important for the success of these missions. 

 

Fig. 1: Raman spectral maps of FWHM of the carbon D band (~1350 cm-1) 

from Rhynie chert (A) and Apex chert (B) showing differences in distribution 

across carbonaceous features in the samples. 



Raman Spectroscopy and Microscopy on Functionalized Graphene 
 

Siegfried Eigler 

 

Institut für Chemie und Biochemie, Freie Universität Berlin, Berlin, Germany 
 
 

 

About a decade ago the Raman spectroscopy on chemically derived graphene was a 
miracle.1 However, since the research on graphene, a single layer of graphite, spread 
the disciplines, intense research with Raman spectroscopy as valuable analytical 
method evolved.2 
Now, the chemical structure of graphene oxide is known and Raman spectroscopy 
allows to determine the concentration of lattice defects.3, 4 Accordingly, graphene 
oxide possesses a carbon framework with lattice defects and the concentration 
depends on the preparation procedures. The carbon framework may even become 
amorphous upon excessive oxidation. 
However, we discovered that the hexagonal carbon lattice of graphene can be 
functionalized by oxo-addends avoiding the formation of vacancy defects.5, 6 With 
oxo-functionalized graphene, Raman spectroscopy became a very useful tool to 
identify the quality of flakes of graphene. Our best available quality of wet-chemically 
prepared graphene possesses charge carrier mobility values exceeding 1000 cm2/Vs 
in average.6 We developed the statistical analysis of films of flakes based on single 
layers and used the Raman microscope for imaging.4 
Moreover, the functional groups on the basal plane of graphene reflect scattering 
points. We solved the problem that Raman spectra do not change their shape 
significantly at a degree of functionalization higher than 3%. With developing a new 
model based on the intensity of Raman signals, it is now possible to evaluate the 
degrees of functionalization also between 3%-50%.7 

 

 

 

1. G. Eda and M. Chhowalla, Adv. Mater., 2010, 22, 2392-2415. 
2. S. Eigler and A. Hirsch, Angew. Chem. Int. Ed., 2014, 53, 7720-7738. 
3. S. Eigler, Chemistry, 2016, 22, 7012-7027. 
4. S. Eigler, F. Hof, M. Enzelberger-Heim, S. Grimm, P. Müller and A. Hirsch, J. 

Phys. Chem. C, 2014, 118, 7698-7704. 
5. S. Eigler, S. Grimm, F. Hof and A. Hirsch, J. Mater. Chem. A, 2013, 1, 11559-

11562. 
6. S. Eigler, M. Enzelberger-Heim, S. Grimm, P. Hofmann, W. Kroener, A. 

Geworski, C. Dotzer, M. Rockert, J. Xiao, C. Papp, O. Lytken, H. P. Steinrück, 
P. Müller and A. Hirsch, Adv. Mater., 2013, 25, 3583-3587. 

7. P. Vecera, S. Eigler, M. Koleśnik-Gray, V. Krstić, A. Vierck, J. Maultzsch, R. 
Schäfer, F. Hauke and A. Hirsch, Sci. Rep., 2016, 7, 45165. 

 



Confocal Raman Microscopy:  
Instrumentation, Resolution, Configurations and Correlative 

Techniques 
 

Olaf Hollricher 
WITec GmbH, Ulm, Germany, www.witec.de 

 
 

Confocal Raman Microscopy is an indispensable tool for the analysis of of chemical 
species and their spatial distribution either on surfaces or in small 3D volumes. As 
the name states, two techniques are combined in one instrument. 
The confocal microscope provides diffraction limited spatial information, while Raman 
spectroscopy reveals the chemical composition of the sample. By acquiring a 
complete Raman spectrum at every image pixel, the chemical information can be 
linked to the spatial distribution in the sample volume, resulting in nondestructuve 
imaging of chemical properties without specialized sample preparation. Differences in 
chemical composition appear in the Raman image, although they are completely 
invisible in the optical image. 
 
Aim of this contribution is to highlight the instrumental requirements for a high 
throughput, high resolution Confocal Raman Microscope. Several new developments 
and their field of application will be presented. 
 

 

Fig. 1: Confocal Raman microscopy - alpha300 R 



Raman microspectroscopy for analysis of microplastic in 
environmental samples 

Natalia P. Ivleva 
Institute of Hydrochemistry, Chair of Analytical Chemistry and Water Chemistry, 

Technical University of Munich, Munich, Germany 
 

The contamination of marine, freshwater, and terrestrial ecosystems with plastic 
waste, and especially with microplastic (MP, <5 mm) is of growing scientific and 
public concern. This has stimulated a great deal of research on the occurrence of 
MP, interaction of MP with chemical pollutants, the uptake of MP by aquatic 
organisms, and the resulting (negative) impact of MP. The crucial step in MP analysis 
is a reliable identification. Appropriate methods for the chemical identification of MP 
are ATR-FTIR and micro-FTIR spectroscopy as well as Raman microspectroscopy 
(RM). While ATR-IR is applied for the detection of MP particles larger than 500 µm, 
micro-FTIR enables an automated analysis of particles in the size range of 20 –
 500 µm. RM is so far the only applicable method for the identification and 
quantification of environmental MP with a spatial resolution down to 1 µm [1]. 
Recently we analyzed MP particles from sediment samples in the Lake Garda, Italy 
and identified about 450 microplastic particles with a diameter down to 9 µm by 
means of RM [2]. Additionally to MP we found a high number of pigmented 
(non)plastic particles. The size distribution of these particles shows an increase in 
particle number with decreasing size (Fig. 1), which suggests that even smaller 
pigment particles might be present (down to the nanometer-range). Therefore, further 
development of RM based methods is needed to assess particles in the lower 
micrometer, sub-micrometer and nanometer range, as these pose the highest risks 
for aquatic ecosystems. Furthermore, the automatization of RM measurements will 
enable to perform an efficient analysis of plastic particles down to (sub)µm size in 
different environmental and food samples and hence will help to assess the risks 
arising from microplastic particles. 
 

 
 

Fig. 1: Size distribution of MP (blue and black) and pigmented (red) particles from 

Lake Garda beach sediment [2]. 

[1] Ivleva et al., Angewandte Chemie International Edition 2017, 56, 1720-1739. 

[2] Imhof et al., Water Research 2016, 98, 64-74. 



Raman spectroscopy - An Essential Metrological Tool for Two-
Dimensional Materials 

 
Satender Kataria1, Stefan Wagner1 and Max Christian Lemme1,2 

1RWTH Aachen University, Chair for electronic devices, Aachen, Germany 
2AMO GmbH, Aachen, Germany 

 
 
Raman spectroscopy has proven to be an indispensable tool for characterization of 
graphene and other two-dimensional (2D) materials, and has played a significant role 
in advancing the basic knowledge about these newly discovered wonder materials. 
Raman technique has been successfully used to identify the number of layers, quality 
of chemical vapor deposited material, defects, strain and layer-interaction. 
 
In this talk, I will present the basic capabilities of Raman spectroscopy towards 2D 
materials with graphene and transition metal dichalcogenides (TMDs) as a case 
study with an emphasis on its relation with their electronic and optoelectronic 
applications.  Furthermore, our recent work on advanced three-dimensional Raman 
tomographic characterization of suspended graphene membranes in a non-invasive 
manner will be highlighted. I would also highlight another capability of Raman tool to 
measure in-situ photocurrents utilizing its scanning capabilities.  
 
 
References 
1. S. Wagner et al., Nano Lett. (2017) 
2. S. Kataria et al., Adv. Mater. Inter. (2017) 
3. S. Riazimehr et al., ACS Photonics (2017) 
 
 
 
 

 

Fig. 1: 3-D Raman tomography of graphene membranes; photoluminescence studies on 1-

L monolayer MoS2 and scanning photocurrent measurements on G/Si diodes. 



Multiscale Correlative Raman Microscopy: Techniques and 
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Recent advances in Raman chemical imaging provide powerful and general means 
to chemically characterize biological and synthetic materials under complex 
experimental conditions. In situ and/or in vivo, label-free chemical contrast, acquired 
on pristine samples and simultaneously with X-ray scattering, fluorescence or atomic 
force microscopy offers a unique multi-scale platform to study, chemical composition, 
structures and transformations of complex hierarchical materials. After a short 
introduction to multiscale correlative Raman microscopy, the talk will focus on 
examples of the application in studies of biological and archaeological materials. For 
biological materials, I will describe several techniques for investigating in vivo 
processes spanning length scales from single cells to complex multicellular 
organisms. Because these experimental approaches are non-invasive, Raman 
chemical imaging can monitor dynamic processes in living systems including, for 
example, the study of the early stages of bone formation. I will also describe large-
scale Raman-based imaging techniques, including approaches for analyzing samples 
exhibiting complex shapes and irregular heterogeneous surface topographies. I will 
further demonstrate how correlative Raman-SEM/EDS approaches can be applied to 
collect complementary information from complex biological and man-made samples 
regarding structural complexity, elemental composition, and short-range chemical 
bonding parameters. Last but not least, I will discuss how polarized Raman can be 
used for quantitative assessment of collagen within Dead Sea Scroll fragments. 
 



Raman Imaging in SERS Studies 
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Nowadays, metal nanoparticles are the basis for a number of devices coming from 
nanotechnological approaches that are expected to increase in near future. Among 
these technologies, those based on surface-enhanced Raman scattering (SERS) 
have been recently used with acute relevance. Although the SERS effect was itself 
discovered during the 70s, this spectroscopic method is benefiting from the 
unprecedented progress observed in the last few decades in instrumentation and 
materials development specific to nanoscale science. Indeed, the design of SERS 
active nanomaterials is a key aspect in further exploitation of SERS in diverse areas, 
including medicine, environmental monitoring and trace chemical analysis.1 
The current developments of techniques such as Raman imaging, through high 
resolution Raman mapping with short measurement times, have brought a new look 
on composites and its applications. Such an image can show either the chemical 
heterogeneity or a specific response as SERS activity2 or a labeling process (Figure 
1). In this communication, our latest results in the development of SERS active 
substrates will be presented together with its evaluation using Raman imaging. 
Illustrative examples of SERS applications will be provided along with perspectives of 
development in chemical detection applied to real contexts. For example, SERS and 
Raman imaging were used with advantage in the monitoring of textile fiber dyeing.2 
Our results demonstrate that by using Raman imaging associated to the presence of 
Ag nanoparticles it is possible to distinguish the local distribution of the organic dye 
(methylene blue) on the textile surface. Composites of linen fibres and Ag 
nanoparticles were prepared by distinct methods and used as SERS substrates. 
Raman imaging allowed to explore the Ag distribution on the textile surface and to its 
interior, together with the study of the dye adsorption molecular species. Textile 
fibres containing Ag nanoparticles have been widely explored for antimicrobial 
fabrics. This investigation allows to foreseeing the use of this technique in terms of 
quality control of Ag containing fabrics, which is a market in great expansion. 
 
1 S. Fateixa, H. I. S. Nogueira, T. Trindade, Phys. Chem. Chem. Phys. 2015, 17, 21046. 
2 S. Fateixa, M. Wilhelm, H. I. S. Nogueira, T. Trindade, J. Raman Spectrosc. 2016, 47, 1239. 

 
 

 

Fig. 1: Optical photograph (left) and Raman image (right) of a silver containing 

textile fibre dyed with methylene blue (chemical structure shown). 
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Our Bionanosciences Group uses confocal Raman microscopy to study the uptake and 
intracellular fate of Raman-active nanoparticles (NPs).  This information is essential for 
improving the biomedical efficacy of NP therapeutics, for better understanding 
mechanisms of NP biocompatibility, and for designing methods to ameliorate NP 
toxicity.  Our methods include high-resolution 3-D Raman imaging and cluster analyses 
of single cells, and automated high-throughput Raman imaging of cell populations.  One 
example involves the use of carbon nanotubes (CNTs) to mediate the near infrared 
(NIR) ablation of tumor cells.  Here, we wanted to determine the most efficient 
subcellular location of CNTs for killing cells normalized to the dose of CNTs in that 
location.  The cellular locations of CNTs were verified using Raman imaging, and the 
results support the idea that CNTs confined to the plasma membrane are not as 
effective in NIR-mediated cell killing as an equivalent amount of CNTs within the cell’s 
endosome/lysosome system.  Another example involves fundamental studies of how 
macrophage cells, the primary responders to foreign particles that initiate 
proinflammatory responses, respond to CNTs of different length, diameter, type (single- 
or multi-walled), and dispersant coatings.  An unexpected difference in uptake based on 
CNT surface chemistry was verified using Raman imaging, and the results could 
transform our understanding of how CNTs in general interact with cells.   
 

 
 
Fig. 1.  Cluster analysis of a single macrophage cell where the false-coloring denotes 
the Raman spectral signatures of nuclear material (red), cytoplasm (blue), the plasma 
membrane (purple), and carbon nanotubes (yellow). 



The Principle of Raman Spectroscopy and its Application in 
Microscopy 
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This lecture gives an introduction into the principles of Raman spectroscopy and its 
applications in microscopy.  
 
First, both classical and quantum mechanical descriptions of the Raman effect are 
discussed.  The latter (perturbation theory, Kramers-Heisenberg-Dirac dispersion 
formula) then serves as a starting point for introducing the concept of resonance 
Raman scattering (RRS). Several examples of RR (from diatomics to proteins) 
highlight the advantages of this Raman technique. 
 
In addition to the Raman effect, also fundamentals of molecular vibrations and their 
symmetry (basic group theory) are covered by using the water molecule as an 
example.  
 
We then make the transition to Raman microscopy, starting with the invention of the 
first Raman "microprobe" in the 1970s. Also other specialized Raman techniques 
such as surface-enhanced Raman scattering (SERS) and coherent-anti-Stokes 
Raman scattering (CARS) microscopy are briefly introduced and their 
specific advantages over conventional Raman spectroscopy are highlighted.  
 
Finally, quiz questions allow the participants to test their knowledge anonymously in 
an interactive format (feedback and discussion). 
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SRG-MAS supports R&D activities within the three business areas of AkzoNobel: 
Specialty Chemicals, Decorative Paints and Performance Coatings. Rapid solution-
finding for production related problems and customer complaints are also part of the 
SRG expertise.  
Raman microscopy is a valuable tool to investigate distribution of additives and other 
components within complex matrices such as coatings, paints, peroxides, foils, etc.  
Examples of customer requests will be shown in the presentation highlighting the 
powerful nature of Raman Microscopy in an industrial setting.  
A typical long-term research project involves the application of confocal Raman 
microscopy in determining the curing profiles of different coating formulations as a 
function of film depth and time, with the purpose to test the performance of different 
catalysts applied in the paints. 
Film drying behavior of new water-based coatings is also an area where confocal 
Raman microscopy has shown its particular added value. Examples from the field of 
corrosion protection, catalyst surface characterization amongst others will be 
addressed. 
Correlation of Atomic Force Microscopy (AFM) with Raman microscopy is a new 
capability helping to shine light on the relationship between curing grade and the 
associated mechanical properties. 
 

 
 

                                   

Fig. 1: Rust protection                  Fig.2: Additive distribution in peroxide     

Fig. 3: Film drying study                   



Raman microscopy for analysis of preclinical in vitro models and 
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In the field of pharmaceutical research, Raman microscopy recently gained 
considerable interest as a label-free alternative to fluorescence microscopy. For the 
development of novel therapeutics, Raman microscopy can be used for versatile 
applications ranging from drug distribution studies in carrier systems up to drug 
uptake into human cells. 
Before testing novel pharmaceutics in clinical trials, promising candidates undergo an 
extensive preclinical testing procedure. Besides final tests in animals, this also 
includes in vitro testing in non-cellular and cellular assays. In order to establish 
predictive models and to find suitable alternatives to animal testing based on the 3R-
principle (replace, reduce, refine), sophisticated in vitro assays based on single cells, 
cell layers or complex three-dimensional tissues are developed. Consequently, such 
assays require suitable analytical techniques and Raman microscopy shows a high 
potential for analysis of such assays.  
In this context, the talk will present the application of Raman microscopy for analysis 
of different in vitro models for testing novel pharmaceuticals. Different studies will be 
introduced ranging from evaluation of novel substrates for cell cultivation up to 
cellular uptake of drug-loaded particles into living human cells. In single cells, 
individual organelles as well as metabolic changes can be monitored based on their 
unique spectral changes. Further, the uptake of drugs and particles can be 
investigated by Raman microscopy. For tissue analysis (either excised or cultivated 
samples), Raman microscopy allows for identification of different cells and their 
changes, e.g. cellular differentiation as well as drug absorption into the tissue.  
Advantages and limitations of Raman microscopy for such investigations will be 
discussed and a future outlook will be given.  
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The number of diabetic patients worldwide is continuously increasing. Therefore, a 
functional treatment for diabetes that would complement or replace the traditional 
insulin treatment is needed. Encapsulation of insulin producing cells in microspheres 
made of non-covalently crosslinked hydrogels seems to be a next-generation cure for 
type 1 diabetes. Treatment success is directly related to the microsphere physico-
chemical properties and also structure that is characterized by the spatial distribution 
of polymers constituting the hydrogel material. The state-of-the-art method for 
studying spatial distribution of polymers in microspheres is confocal laser scanning 
microscopy (CLSM). However, CLSM is insufficient to study microspheres implanted 
into animal models as polymers used for implantation shall not be chemically 
modified, i.e. fluorescently labeled. Here, we show that confocal Raman microscopy 
(CRM) imaging can be conveniently adapted for this purpose. For the first time, CRM 
is used to characterize structural changes in two major encapsulation systems: 
alginate-based microbeads and multi-component microcapsules. We will show the 
CRM analyses of microspheres before implantation and after explantation from a 
mice model in order to reveal possible changes of the original heterogeneous 
structure of both the microsphere types. Further, CRM is used for quantitative 
mapping of the alginate concentration in the microbeads. The obtained data provide 
invaluable information about the microenvironment of encapsulated cells. Altogether, 
these results help us to better understand how the in vivo environment impacts the 
immunoprotective properties and performance of the hydrogel biomaterials, which 
should facilitate rational optimization of the encapsulation systems.  
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Confocal Raman micro-spectroscopy has been proven to be a powerful tool for 
biomedical research and diagnostics. Even though spontaneous Raman 
spectroscopy is able to provide detailed chemical information without the need of 
staining or labelling, the low scattering cross-section and the sensitivity of biological 
samples limit the speed so that live cell imaging is challenging. 

It is intuitive to think that an efficient parallelization of the spectroscopic imaging 
technique, for example thanks to a line scan method [1] or light sheet illumination [2], 
should help to speed up Raman micro-spectroscopy proportionally to the number of 
spectra being recorded simultaneously. 

In fact, this is only true if the comparison is performed at a given excitation intensity. 
Here, we claim that this way of comparison is practically not relevant. We instead 
propose to compare the methods at a given load on the sample. In the case of 
Raman microscopy, the main issue is thermal load due to linear absorption in the 
sample. 

Here, we compare the achievable SNR of several micro-spectrometer approaches 
using different illumination geometries (confocal, line confocal, light line, light sheet 
and wide field) while being constrained by thermal sample damage [3]. 

As a result, we are able to explain the unintuitive behaviour of the damage threshold. 
We calculate the theoretical achievable speed for different scanning and non-
scanning micro-spectrometer types, maintaining equal load to the sample and equal 
SNR. We discuss possibilities for speedup by efficient parallelization but we also 
show that a well-equipped confocal Raman micro-spectrometer can only be beaten in 
speed by a whole order of magnitude under special conditions.  

 

This work was supported by a grant from Carl-Zeiss-Stiftung. 
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CRM is known to be a very versatile technique – at RISE this is proven every day. 
This talk will give three examples of both fundamental and applied research where 
CRM is an important part of the scientific puzzle. 
 
The mechanism of corrosion inhibition of aluminum alloys by vanadates has been 
studied and CRM has shown the sandwich-like structure of different vanadate-
species formed at the surface. The formation and disruption of the acting vanadates 
was studied both in-situ and ex-situ and showed that the corrosion inhibition effect of 
the studied vanadates is mostly provided by the polymerized vanadate film that forms 
during the first hours of immersion in the inhibitor solution. 
 
In order to replace animal testing, CRM is a valuable method to prove theoretical 
predictions of eye penetration and irritation caused by chemicals. Combining 
experimental results obtained by CRM with theoretical calculations of Hansen 
solubility parameters might be a way to predict impact of a chemical on the eye. 
 
In another study, we applied CRM in order to image the distribution of phospholipids, 
neutral lipids, and proteins within cheddar cheese matrices to investigate how the 
addition of buttermilk powder affects the moisture and fat levels of cheddar cheese. 
 
 

 

 

 
 
 
   Fig. 1: left: different vanadium species on top of metal surface; middle: diffusion of 

propylene glycol into a cornea; right: distribution of components in a cheddar 

cheese 
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Microplastics (MP) in limnic ecosystems draw attention in public media as well as in 
the scientific community. Plastics, in scientific terms synthetic polymers, are used in 
versatile applications [1]. Although plastics have numerous advantages, they become 
a problem when released into the environment. The major part of MP originates from 
degradation of bigger pieces (secondary MP). A minor path is direct spillage of 
primary MP, e.g. plastic pellets. Although no widely accepted definition exists, the 
upper limit is 5 mm and the lower limit is most often chosen to be 1 µm [2]. 
 
Currently the analysis of sediments is very time consuming. Sampling may take only 
one workday. But sample preparation lasts more than a week [3]. The final analysis 
by means of RM requires at the moment a few days when done manually.  
Within the BMBF-project (Bundesministerium für Bildung und Forschung) MiWa 
(Microplastics in the water cycle) one aim is to perform reliable quantification of MP 
down to 1 µm in reasonable time. We therefore develop a new protocol for a (semi)-
automated Raman microspectroscopic analysis of MP. Different hardware 
parameters like choice of objective (magnification, dark/bright field) are compared. 
Also, different software features that help to automate certain steps of the 
identification process by means of RM are under close investigation. We therefore 
implemented a software feature that automatically finds particles and generates 
coordinates that can be used by the WITec alpha300 R system for the acquisition of 
Raman spectra and or Raman images (figure 1a). Also a filterholder was developed 
that smooths the surface of the analyzed filter (figure 1b) 
a b 

  
 

 
[1] A.L. Andrady Mar. Poll. Bull. 2011, 62, 1596-1605.  

[2] N.P. Ivleva, A.C. Wiesheu, R. Niessner Angew. Chem. Int. Ed. 2017, 56, 1720-1739.  

[3] H. K. Imhof, C. Laforsch, A.C. Wiesheu, J. Schmid, P. M. Anger, R. Niessner, N. P. Ivleva, Water 

Res. 2016, 98, 64-74. 

Fig. 1: (a) Raman image of PMMA (green), PS (red) and PTFE (blue) (b) filterholder 
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Portable Raman systems for field and medical applications are required to be light, 

low powered and rugged. These requirements inhibit the innovation of novel 

systems, often crucial in such domains. By exploiting 3D printing and cloud services, 

we are taking an internet of things (IoT) approach to the development of a new 

modular platform. The printed parts form a set of flanges, connected to house off the 

shelf optical components. This allows us to build fully enclosed handheld prototypes, 

but with the flexibility of an optical table. Both hardware and software are open 

source, permitting a collaborative approach to solving a multitude of problems,  

centred around a common interface. 

The software is formed of a web app that communicates securely over WebSockets 

with one to many devices. This naturally allows for elegant device control from a 

smartphone or tablet. Data analysis including multivariate techniques can then be 

offloaded to remote servers, further reducing power and processing requirements at 

the point of measurement. Finally, by uploading spectral data to the cloud and using 

P2P technology, we can quickly build a large distributed library and effective search 

tools for chemical detection. 

The concept is based on the 2014 RamanPI project (Fig. 1), which spurred an online 

multi-disciplinary community of scientists and engineers, with each member bringing 

new ideas and ways to apply this technology. As the name suggests, the device 

control and server operations are performed by a raspberry pi, further emphasising 

the use of small, lightweight and inexpensive components. Our current focus is on 

consolidating the electronic and software elements, and improving the printed 

spectrometer design, as a standalone device in its own right. 

 

 
Fig. 1: Original proof of concept for RamanPI 3D printed spectrometer 

(https://hackaday.io/project/1279-ramanpi-raman-spectrometer). 
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Raman microspectroscopy has become a remarkable tool for the non-contact, label-

free identification and evaluation of tissue components. Coupled with multivariate 

data analysis, Raman microspectroscopy enables the non-destructive monitoring of 

remodeling and degradation processes in tissues, specifically of their extracellular 

matrix (ECM).  

We employed Raman microspectroscopy for the assessment of aortic valve ECM 

before and after an enzymatic digestion with collagenase or elastase. Porcine aortic 

valve leaflets were dissected, cryo-preserved and sectioned. A Raman scan covering 

the three layers of the leaflet (fibrosa, spongiosa and ventricularis) was performed. 

The acquired data was subsequently analyzed using true component analysis (TCA) 

and principal component analysis (PCA). Based on the multivariate data results, the 

different layers of the leaflet were successfully located and identified based 

exclusively on their Raman fingerprint. Moreover, the Raman images of the treated 

and untreated aortic valve leaflets were correlated to histological staining (Movat’s 
pentacrome and picrosirius red). The enzymatic digestion of collagen and elastin, the 

major valve ECM components, resulted in the modification of the Raman spectra, 

allowing for the differentiation between untreated and treated samples.   

Our results indicate that Raman microspectrocopy allows for the imaging of ECM 

proteins and the assessment of their integrity in a label-free manner, making it an 

ideal tool for pre-implantation screening of aortic heart valves.        
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Confocal Raman imaging provides ample options for chemical imaging of samples 
with a spatial resolution of up to circa 300 nm. However, the confocal plane is limited 
to a depth of about 700 nm, leading to anisotropic voxel-sizes in 3D reconstructions. 
Also, the analysis of surface layers with only a few nanometers in thickness can be 
impaired by the influence of spectra of sub-surface sample molecules on the 
acquired data. Transparent samples allow depth profiling and 3D imaging with 
confocal Raman microscopes, but confocal imaging becomes challenging with 
increasing penetration depth and in more opaque samples due to limited (Raman) 
signal intensity. 
 
We want to overcome these problems by Raman imaging of serial sections of resin-
embedded samples with subsequent reconstruction of the 3D distribution of the 
sample components. A polymer blend of polystyrene and poly(2-hydroxyethyl 
methacrylate) (PS/PHEMA) is embedded in non-fluorescent epoxy resin and 
sectioned by an ultramicrotome in 500 nm thin sections. Sections are serially 
collected on aluminum-coated polyimide-tape and Raman imaging is performed at a 
pixel size of 500 nm. The single pixel spectra of individual images are assigned to the 
reference spectra of the different components and the images are aligned and 
stacked in order to visualize the 3D structure of the sample. 
 
With this approach we aim for further usage of Raman imaging in array tomography, 
correlating chemical information of samples with light microscopy as well as high-
resolution scanning electron microscopy. Raman imaging of serial sections may also 
prove its value in the depth analysis of opaque polymer samples in micron-thick 
applications. 

 
 
 
  

Fig. 1: LM-image and Raman image of PS/PHEMA in epoxy resin. a) 

Lightmicroscopic image of block-face of PS/PHEMA in epoxy resin after trimming 

with a diamond knife. b) Raman-image of a) with phase assignment (red: epoxy 

resin; green: PHEMA; blue: PS). 
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Complete resection of infiltrative tumor by preserving healthy brain areas remains an 
unmet challenge in high grade brain tumor as Glioblastoma (GBM). Current 
preoperative and intraoperative imaging technologies supply essential information 
about tumor size and localization, nevertheless they do not allow for visualization of 
residual tumor layers in the infiltration zone. Raman imaging has emerged as a new 
technology to satisfy this need during surgical resection. 
 
For increased sensitivity of Raman scattering, surfaced enhanced Raman scattering 
(SERS) tags, based on gold nanoparticles (GNPs) as substrate, are used. Due to 
optical and functionalization properties for targeting tumor cells, GNPs serve as 
enhancing agents for accurate mapping of tumor spread. 
Since about 50% of GBM overexpress the epidermal growth factor receptor (EGFR), 
this protein has been chosen as specific first target. 
 
Non toxic anti-EGFR and SERS active GNPs were developed and characterized. 
GNPs selectivity for EGFR was investigated in vitro on two different cell lines: 
LN229wtEGFR (EGFR overexpressing cell line), and IMA2.1 (EGFR negative cell 
line). SERS active GNPs with no anti-EGFR were used as further control. 
Fluorescence and SERS analysis detected a strong signal when anti-EGFR GNPs 
were incubated with LN229 cells (Fig.1a), whereas no significant signal was detected 
when control GNPs were incubated with LN229 cells (Fig.1b), or when anti-EGFR 
GNPs were incubated with IMA2.1 cells (Fig.1c). 
Results suggest that GNPs directed against EGFR, visualized with Raman imaging, 
may be implemented intraoperatively giving a sharper delineation between tumor 
and normal brain tissue with potential survival benefit for patients with GBM.  
 
 
 
 
 
 
 
 
Fig 1: Brightfield pictures of LN229wtEGFR cells incubated with anti-EGFR GNPs (A), or with control 
GNPs (B); and IMA2.1 cells incubated with anti-EGFR GNPs (C). Overlay images of brightfield, 
fluorescence and SERS mapping (a,b,c). The brighter the color, the higher the number of SERS-
GNPs attached to the cells. 
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Cardiovascular diseases are the leading cause of all deaths worldwide, which are in 
many cases related to atherosclerosis. Atherosclerosis is a process of thickening and 
stiffening of the arterial walls through accumulation of lipids, as a consequence of 
aging and a bad life style1. All people are prone to atherosclerosis in some extent, 
however not all arterial plaques are necessarily dangerous. The differentiation of 
stable atherosclerotic plaques from dangerous, prone to rupture, plaques still 
remains a challenge and it is an important focus of the medical research.  
Dangerous atherosclerotic plaques are characterized by inflammatory processes 
which involve the recruitment of macrophages2, 3. Herein, we examined a strategy of 
targeting the macrophages for the SERS based detection of dangerous 
atherosclerotic plaques by mannose modified silica encapsulated gold nanoparticles. 
The uptake of the nanoparticles was studied by confocal Raman microscopy. The 
results indicate that gold nanoparticles were significantly taken up by macrophages 
already after 30 minutes of incubation, emphasizing the potential of SERS 
spectroscopy for the vulnerable plaques detection. 
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Fig. 1: A) Raman spectrum of the 

THP-1 macrophage at one pixel of 

Raman image; B) SERS spectrum of 

PDI recorded inside of the cell. C) 

Constructed Raman image of a 

single THP-1 macrophage; D) Bright 

field image of a THP-1 macrophage. 
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Low-frequency Raman spectroscopy is a valuable tool for studying crystalline phases 

of materials, since it probes translational and librational modes of molecules as a 

whole.  We are studying the effect of humidity on hygroscopic crystalline materials 

such as ammonium nitrate.  Ammonium nitrate has a strong affinity for water and 

also is known to exist in several different crystalline phases depending on 

temperature and other factors. Raman chemical imaging of the low-frequency modes 

gives much clearer indications of the crystal phase and amorphous content 

compared to conventional imaging of the fingerprint modes, since the low frequency 

modes directly probe the crystalline phase and are generally quite intense.  We will 

present time-resolved Raman chemical imaging studies of the low-frequency modes 

of ammonium nitrate and ammonium nitrate/potassium nitrate mixtures as the 

samples are exposed to humid air. Potassium nitrate is less hygroscopic than 

ammounium nitrate and provides a way to tune the sample/water interactions.  These 

studies provide significant detail on the dynamics of water-crystal interactions, and 

are made possible by recent advances in Raman chemical imaging instrumentation.  

They are relevant to many technologies used by the Army including inkjet-generated 

explosive surface coverage standards and permeation of water through chemical 

protective suits and coatings. 

 
 
 
 

Fig. 1: Raman spectra of ammonium 
nitrate.  Red: ammonium nitrate dried in 
an oven and then cooled to room 
temperature.  Green: sample exposed to 
a high-humidity environment.  Blue: 
measurement of a wet “paste” of 
ammonium nitrate. 
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There has been great interest from the textile industry on the production of fabrics 
loaded with nanoparticles (NPs) in order to confer new properties to conventional 
products.[1,2] New functionalities that arise from the incorporation of metallic NPs on 
textile fibers make them good candidates in domains such as wound dressing, smart 
textiles and biosensors.[1,2] In particular, textile fibers doped with Ag NPs have been 
explored due to their antimicrobial properties.[3] This communication highlights the 
relevance of new available Raman spectroscopic methods to monitor the dyeing 
process in antimicrobial textiles, which is a critical stage in the manufacture process 
of fabrics.[4] This approach takes advantage on the presence of Ag NPs in the fibers 
to monitor the adsorption of the organic dyes on the metal surfaces and, on the other 
hand, to probe the location of the Ag NPs over the fibers. This possibility arises due 
to surface enhanced Raman resonance scattering (SERRS) effects coming from the 
organic dye adsorbed at the Ag NPs. Hence, linen fibers loaded with Ag NPs and 
then stained with methylene blue (MB) were used as working systems to exploit this 
new characterization protocol. MB was selected as the molecular probe not only 
because is a common organic dye but also it occurs in the form of dimer or monomer 
species each with characteristic visible absorption and Raman spectra. It will be 
demonstrated that the SERRS effect together with confocal Raman microscopy offer 
a new tool to map the local distribution of the MB dye in the fibers by Raman imaging 
and consequently the distribution of Ag NPs over the fabrics. In addition, it is also 
possible to assess the preferred adsorbate form of MB on distinct types of 
nanocomposite fibers and their local distribution.[5] This investigation allows to 
foreseeing the use of this approach in terms of quality control of antimicrobial Ag 
containing fabrics, which is a market in great expansion. 
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Natural iron-containing proteins like the iron storage protein Ferritin can play a crucial 
role for in vivo use in various biological and medical applications, e.g. hyperthermia 
therapies and as contrast agents for medical imaging. This could be a promising 
alternate to avoid the toxicity caused by synthesized nanoparticles. 
 
Ferritin is an intracellular spherical protein with an iron core inside the protein shell. 
The crystalline structure has been assumed to be antiferromagnetic iron (III) oxide-
hydroxide. However, a drawback is its lack of magnetic properties. Hence, Ferritin as 
a contrast agent only shows no or a rather weak contrast effect compared to 
synthetic magnetic nanoparticles composed of magnetite, Fe3O4, or maghemite, γ-
Fe2O3. On that account, it has been aspired to modify Ferritin into Magnetoferritin by 
replacing ferrihydrite by magnetite and/or maghemite. Since magnetic fields can 
penetrate much deeper into biological tissues than photons, the use of 
Magnetoferritin can enable a non-destructive imaging of living cells/organisms. 
 
Raman Microspectroscopy (RM) non-destructively analyses the subcellular 
localization of iron accumulation and the particular species of iron compounds. The 
comparison of the Magnetoferritin spectrum (a broad band around 700 cm-1 and two 
weak broad bands around 520 and 360 cm-1) with the spectra of reference 
compounds (ferrihydrite, maghemite and magnetite) allowed us to infer that the iron 
core is predominantly composed of ferrihydrite and maghemite (Fig. 1). 
Since RM is suitable for biological samples embedded within a natural matrix and 
provides information on its chemical composition and structure, it has a great 
potential for the reliable chemical analysis of various iron oxides and oxyhydroxides 
in cells. Further improvement of the RM set up can help to develop novel 
manipulation techniques for cells and to improve non-invasive imaging, in particular 
for the better understanding of the origin of neurological diseases. 

 
 

 

Fig. 1: Raman spectra of Magnetoferritin 

(green), ferrihydrite (red), maghemite 

(brown) and magnetite (black) nanoparticles 
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The notion that saturated (SFAs) and unsaturated fatty acids (UFAs) exert markedly 
different effects on the viability of mammalian cells is well established. Importantly, 
however, the underlying mechanisms which account for these differences are not 
clear. The hypothesis that differential deposition of FAs into neutral lipid drops 
(NLDs) might contribute was investigated using Spontaneous Raman spectroscopy. 
 
INS-1 beta cells were cultured on glass coverslips in the following conditions for 24h: 
vehicle control (VC), palmitate (PA) 0.125 mM, oleate (OA) 0.125 mM and PA+OA 
0.125 mM. Cells were fixed then mounted onto glass slides and the edges sealed 
with nitrocellulose. Raman maps were collected using a WiTec alpha 300R Raman 
spectrometer with a 532-nm laser. Maps of intensity in the window 2835 – 2855 cm-1 
(corresponding to the CH2 symmetric stretch vibration in lipid) were acquired and 
imported into ImageJ (see Fig. 1) and lipid content as a fraction of cell volume was 
determined. The component peaks between spectral ranges 2800 – 3000 cm-1 were 
determined and compared using second derivative analysis, informed by the spectra 
of the pure fatty acids. 
 
In addition to PA and OA, cells were also exposed to the methyl ester of both fatty 
acids (MePA and MeOA, respectively) as these are not expected to become 
incorporated into NLDs. A similar analysis showed that in contrast to the cells 
exposed to PA or OA, no changes (compared to VC) were seen in the C-H region of 
the spectrum confirming that the methyl esters are not incorporated into NLDs. 
 
Although specific differences among the various treatment groups have not yet been 
analysed fully, the results reveal the power of Raman spectroscopy to investigate the 
composition of intracellular lipids in cultured cells in a label-less and non-invasive 
manner. 

Fig. 1: Raman map of a beta cell treated under serum-
free conditions for 24h depicting intensity sum 2835 – 
2855 cm

-1
. 
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Brittleness of bone material is believed to be a contributor to frequent fractures in 
Osteogenesis Imperfecta (OI). OI is a genetic form of osteoporosis typically caused 
by dominant mutations in type I collagen, the main protein of bone extracellular 
matrix. Our goal was to elucidate mechanisms of bone brittleness and monitor effects 
of a treatment of the G610C mouse model mimicking human OI with Gly610 to Cys 
substitution mutation and translate our findings to human OI. A difficulty in translating 
mouse studies to humans is that mouse bones exhibit continuous growth thorough 
their life and contain bone material type absent in humans. To circumvent this 
difficulty, we used Raman micro-spectroscopy correlated with fluorescence and 
polarized microscopy.  We used Raman mapping to measure mineral:organics and 
collagen:organics ratios in bone extracellular matrix at selected locations of 
longitudinal cryo-sections of cortical bones. The locations were chosen via visible 
light microscopic observations of the same sections. Polarized microscopy was used 
to locate lamellar type of bone which constitutes a minor fraction in mice and is 
dominating in humans. Fluorescence images were used to discriminate freshly-made 
under-mineralized bone and locate maturely mineralized lamellar bone. The 
observed fluorescence was from calcein dye that had been injected into mice three 
times during a 2-month period. This dye adsorbs to bone forming surfaces and marks 
bone material deposited at the injection times. By comparing the mineral:organics 
and collagen:organics ratios in mature lamellar bone of G610C and wild type (WT) 
mice, we found that the G610C bone is hyper-mineralized by 15% compared to WT. 
We obtained evidences that this hyper-mineralization is due to reduced density of 
collagen matrix in G610C and contributes to the bone 
brittleness. In a previous study, we showed that such 
abnormal collagen deposition is due to malfunction of 
bone-forming cells and is caused by intracellular 
accumulation of misfolded mutant collagen and that the 
accumulating collagen is cleared by autophagy. We 
boosted autophagy by subjecting the mice to low-
protein diet. We used the calcein approach to locate 
mature lamellar bone formed under the diet. We found 
that the diet ameliorated the hyper-mineralization 
defect by 1/3, suggesting that autophagy stimulation is 
a treatment target in OI. Altogether, our study shows 
that correlative Raman micro-spectroscopy can 
quantitatively track mild, yet crucial bone defects and 
reveal their underlying mechanisms. 
 
Fig. 1. Polarized, bright-field and fluorescence images 
of a mouse bone section used to locate mature lamellar 
bone and measure its mineral:organics ratio in 
extracellular matrix using Raman mapping. 
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Nowadays, it is necessary to use new efficient and economically attractive 
approaches to eliminate pollutants completely from wastewater and other systems 
because conventional activated sludge systems employed in most wastewater 
treatment plants are typically not designed to specifically remove micropollutants 
completely. Recently, removal of pollutants was shown to rely to a great extent on 
microbial activity. At the same time, microbial communities involved in biodegradation 
may consist of metabolically diverse organisms in different physiological states 
(active, dormant or dead). Classical screening of microbial communities (e.g. gene 
sequencing) can not distinguish different types of microbial cells. There is an obvious 
necessity to establish a practical approach that allows to determine the bacteria 
involved in degradation, to analyze structure and functional diversity of a microbial 
community. Therefore, studying of bacterial community capable of pollutant 
degradation in detail on the single cell level is of great interest. 
 
Bioorthogonal noncanonical amino acid tagging (BONCAT) has been currently 
demonstrated to be an effective tool in studying individual cell response to external 
signals. Raman microspectroscopy (RM) allows nondestructive analysis of 
microorganisms at the single cell level. The problem of low sensitivity of RM can be 
overcome by the use of the surface-enhanced Raman scattering (SERS) effect. The 
potential coupling of these methods is highly promising to provide reliable and 
detailed analysis of the bacterial substrate assimilation, efficient labelling, and 
visualization of responsible cells without destroying or inhibiting bacteria. 
 
The aim of the study is to develop a sensitive approach to visualize bacterial cells 
responsible for biodegradation of micropollutants within a microbial community. The 
proposed project sets out the protocol for coupling BONCAT and SERS for further 
studies of bacterial consortia under different conditions in various areas, including 
biodegradation. To reach the aim we must provide us next steps of the study: (i) 
screening of the suitable bacteria for model experiments for the BONCAT-SERS 
research; (ii) incorporation of amino acid analogues (AAAs) that carry chemical tags 
amenable to click chemistry into bacteria; (iii) preparation of silver and gold 
nanoparticles (NPs) for SERS analysis; (iv) coupling of bacteria, which have 
incorporated tagged AAAs with NPs based on the click reaction; (v) SERS analysis 
and determination of a suitability of the junction of BONCAT and SERS as a 
combination of two methods. 
 
The proposed approach will allow to determine the cells responsible for substrate 
assimilation and aid in optimizing treatment for complete elimination of pollutants. It 
can, therefore catalyze further advances in biodegradation strategies for removal of 
organic micropollutants. 
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Assembling nanoscale building blocks into complex nanostructures is a process that 
is great interest to develop materials with new and enhanced properties. Core-shell 
nanostructures present one of the best examples to such building blocks, since 
optical properties of these materials strongly depend on the size, geometry and stack 
structure of the individual particles.  
 
Polydopamine (PD), the mussel-Inspired adhesive protein, is an interesting material 
because of opening a new route for the modification of substrates. The functional 
groups catechol, amine, and imine can serve as both the starting points for covalent 
modification of the substrates and preparing a platform for loading of transition metal 
ions. In this way, PD overcomes the limits of conventional coating processes and 
show great promise for a range of applications and chemical, biological, medical, and 
materials sciences. 
 
In this study, we use poly(ethylene glycol) brush to immobilize Au nanoparticles 
(NPs). Ag shell structures are grown on top of immobilized Au NPs via PD. The 
kinetics of the growth process is studied using electron microscopy imaging. We also 
investigate the optical absorption values of the substrates with different Ag shell 
thickness. Finally, SERS properties of the core-shell nanostructures are explored via 
confocal Raman microscopy using Rhodamine 6G as a reporter molecule. 
 
 
 

  

Fig. 1: SEM and TEM image of Core-shell structure. A is 2 

hours Ag coated Au NP. B is 14 hours Ag coated Au NP. C 

is TEM image of Core-shell structure. (Scale bar: Orange 

bar is 200 nm for A and B. white bar is 10 nm for C. 
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A robust approach for quantifying intracellular drug concentration will add significant 
value to the early drug discovery process, particularly when there is disconnect 
between activity in biochemical assays and whole cell behavior. The current gold-
standard technique, Ultra Performance Liquid Chromatography tandem Mass 
Spectroscopy (UP-LC MS/MS) with the assessment of cell Fraction Unbound (FU), 
exhibits discrepancies in results. The method relies on the destruction of cellular 
integrity that can lead to contradictions in results from real cell behavior [1]. Raman 
spectroscopy (RS) offers many advantages over UP-LC MS/MS and poses the most 
promising alternative technique for detecting intracellular drug concentrations. Not 
only does RS offer quantification without disruption of cellular integrity, it also offers 
quantitative imaging with confocal resolution completely label-free. 
 
Here we report the use of Au nanospheres of 30 and 50 nm as an enhancement tool 
for intracellular detection of drugs. Huefner et al. [1] showed the uptake of 40, 60 and 
100 nm Au spheres into SH-SY5Y cells. However, no solid data for the uptake of 
nanoparticles into THP-1 cells, a surrogate for human primary macrophages, with RS 
was published. Primary macrophages are a main drug target for Visceral 
Leishmaniasis (VL) and other parasitic diseases that reside within these cells. VL 
parasites reside in phagolysosomes. Researching drugs against such parasites relies 
on methods to detect local drug concentration inside lysosomes. We show correlation 
of fluorescence labeled lysosomes and Au nanoparticle aggregates inside 
differentiated THP-1 cells, measured with Raman microscopy and simultaneous 
fluorescence imaging.   
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Fig. 1: (A) TEM image of 20 nm Au particles inside THP-1 cell. (B) Raman enhancement image of 

THP-1 cell with 50 nm Au particles (785 nm excitation, AUC from 600-1600 1/cm) (C) Simultaneous 

fluorescence image of labeled lysosomes LysoTracker Red DND-99, 532 nm excitation, photon count). 
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The propensity of asphaltenes—a complex solubility class of heteropolycyclic 

aromatic compounds from the heavy fraction of crude oil—to adhere to solid surfaces 

has long been the root-cause of scale deposition and remains an intractable problem 

in petroleum industry. Despite that adhesion is essential to understand the process of 

asphaltene deposition, the relation between the polycyclic aromatic sheet size and 

the adhesion and mechanical properties of asphaltene molecules is not completely 

understood.  

In this study, Digital Pulsed Force Mode (DPFM) was used to map the topography, 

tip-sample adhesion and mechanical properties of thin films and nanoaggregate 

particles of asphaltenes precipitated from n-heptane. Confocal Raman spectra of 

asphaltenes show characteristic bands at 1605 cm‒1 and 1358 cm‒1 that correspond 

to the graphitic G-band and the disorder D-band, respectively. Confocal Raman 

spectroscopy in the mapping mode was also used to generate 2D Raman spectral 

maps of the films and nanoaggregate particles that provide a correlation between the 

average sheet size and the corresponding adhesion and viscoelastic properties of 

the asphaltene deposits.  

 
 
 

 

Fig. 1: Correlative DPFM and Raman imaging of asphaltene thin films. (a) Optical micrograph of 

asphaltene thin films, (b) DPFM topography, (c) 2D-confocal Raman spectra corresponding to the G 

band intensity of the scan area in panel b, (d) A single spectrum showing the characteristic D and G 

band intensities of the asphaltene sample shown in panel a. 
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Gas hydrates are solid crystalline compounds in which water molecules (hosts) form 

cages that trap gas molecules (guests) under high pressure and low temperature 

conditions. Hydrate are known to form blockages in oil and gas subsea pipelines and 

are thus a primary flow assurance concern. An abundance of natural gas hydrate 

reserves have also been found on the ocean bed and in permafrost environments. 

These gas hydrate reserves, if exploited, are estimated to contain over twice the 

amount of energy within all other fossil energy reserves, and thus signify a promising 

new energy resource. Various methods have been explored to recover methane 

from such hydrate deposits, one of them being CO2 sequestration. In this method, 

the CO2 gas is injected into hydrate reserves to replace the methane within hydrate 

cages. To develop efficient methodologies for methane production from natural 

hydrates and to deliver additional approaches to flow assurance strategies, new 

insights into the formation of methane hydrates are needed. Hydrate formation from 

small water droplets can lead to an improved fundamental understanding of the 

nucleation, growth and dissociation mechanisms. In-situ Raman spectrometery can 

be a very useful tool for elucidating these phenomena.  

In this work, we present experimental investigations of methane hydrate formation 

from single water droplets using an in-situ confocal Raman spectrometer. Methane 

hydrate crystals were formed under high pressure (l4 MPa) and low temperature 

conditions. Various hydrate crystals of different sizes ranging from 20 to 200 µm 

were formed, and Raman spectra of those crystals were measured in-situ to 

generate Raman images. Various types of hydrate crystal morphologies were found. 

These include, single clear crystal (<30 µm, see Figure 1), medium sized crystals 

with bean shape (<50 µm) and polycrystalline hydrates (<350 µm). Raman imaging 

studies were carried out to understand the morphology and methane encapsulation 

in these hydrate structures. Such studies will pave the way for a more detailed 

understanding of molecular-level exchange studies for hydrate production.  

 

 

 

 

 
Figure 1: Raman imaging of single hydrate crystal formed in situ 
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Calcium phosphate based ceramics are ideal materials for bone scaffolds and bone 

repair cements. In the present study we prepared and characterized 

ceramic/polymeric composites as injectable bone cement candidates by applying 

sodium polyphosphate (NaPO3)n as the phosphate source and sodium alginate as 

the polymeric phase. The inorganic particles were obtained by the co-acervation of 

Ca2+ and Mg2+ with polyphosphate anions (n = 10) in aqueous media. After sintering 

the calcium phosphate ceramic, the powder was homogenized and thoroughly mixed 

with a gel composed of sodium polyphosphate and sodium alginate. The dried 

materials were characterized by Scanning Electron microscopy, X ray diffractometry, 

thermal analysis and Raman confocal microscopy. The overall analysis of the data 

shows that the ceramic materials are composed of a mixture of crystalline phases, 

where Ca/P = 0,5 - 1,0. Crystallinity increases with sintering temperature. The 

ceramic powder was incorporated within the alginate/polyphosphate gel phase in a 

40% weight proportion and, to increase plasticity, CaCO3 and glycerol were also 

added to the composition of the cement paste. Fig. 1(a) shows the resulting 

morphology of the ceramic material and Figures 1(b-d) show the chemical profile of 

CaCO3, calcium polyphosphate and glycerol/alginate in the sample. These 

composites are promising candidates for injectable bone cements. 

 
 
 

 

Fig. 1: (a) SEM of the ceramic material and (b)-(d) identification of the chemical phases in a 25 m
2
 

section of the dried gel cement using Raman microscopy. 
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Surface enhanced Raman scattering (SERS) has been widely used to enhance 
Raman scattering of analytes adsorbed on plasmonic nanoparticles. The origin of the 
enhancement has electromagnetic and chemical aspects. Electromagnetic 
enhancement is caused by the strong concentration of light mediated by plasmon-
active nanoparticles. Chemical enhancement on the other hand is caused by electron 
transfer between particle and molecular adsorbate. Furthermore, resonant excitation 
of the plasmon results in formation of hot charge/carriers that initiate chemical 
transformation of the adsorbed molecules. Herein, we use SERS as a tool to drive 
and to monitor photodimerization of 4-nitrothiophenol (4-NTP) to 4,4’-
dimercaptoazobenzene (DMAB) on the surface of gold nanotriangles. Fig. 1 shows 
time dependent SERS spectra of 4-NTP adsorbed on gold nanotriangles. It can be 
seen that the Raman peak at 1332 cm-1 which is assigned to the NO2 stretching 
mode decreases with time. Meanwhile, three new peaks appear at 1134, 1387, and 
1434 cm-1and their intensities increase with the irradiation time which can be 
assigned to DMAB vibrational modes. To understand the effect of the particle 
temperature on the photoreaction, X-ray measurements were employed on a large 
scale monolayer of gold nanotriangles during irradiation with a CW laser. This 
method is based on translation of the shift in the (111) Bragg peak (shown in figure 
1b) into temperature changes of the gold nanotriangles. The measurements show 
that the particle temperature increases during the photo-reaction confirming the role 
of laser-induced heating that enhances the reaction rate. 
 

Fig. 1: Time-dependent SERS spectra of 4-NTP (a); Θ−2Θ scans of the (111) Bragg 

reflection of a monolayer of Au triangles (inset) under different irradiation powers(b). 
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Calcium oxide (CaO), commonly known as quicklime, has been used as a binder to 
produce granules in iron making processes. CaO added to water quickly changes to 
Ca(OH)2 by hydration and partially to CaCO3 by a carbonation reaction. These 
chemical species would keep a granules shape even after drying and contribute to its 
crushing strength. Although the strength of granules may depend on the distribution 
of Ca(OH)2 among particles, there is no method to quantitatively estimate the 
distribution. Raman microscopy allows us to distinguish Ca(OH)2 and CaCO3 in 
complicated systems based on specific vibrational modes, which is impossible just by 
contrast of optical images and morphological-elemental mapping with SEM-EDS or 
EPMA. The aim of this study is to understand the distribution of CaCO3 and Ca(OH)2 
in granules based on the raman images of whole cross section of granules. Such 
information will give us a clue to improve and optimize granulation process.  
 
Spherical granules prepared by an oscillating granulator were polished to obtain 
cross section. Raman spectra for the granules were acquired at room temperature in 
the backscattering geometry, using a Nanophoton Raman11 microscope. The 
532 nm excitation laser was focused on a sample with line shape and low power 
enough to avoid damages. The Raman scattered light were collected with a x20 or 
x50 objective lens and filtered with a Notch filter before dispersed by a single grating 
600 /mm.  
 
The Raman images of Ca(OH)2 and CaCO3 were obtained based on a symmetric 
stretching vibrational modes of OH (3621 cm-1) and CO3

2-(1096 cm-1), respectively. 
The Raman images of limited regions based on these vibrational modes successfully 
visualized Ca(OH)2 and CaCO3  that occurs among particles. The wide field Raman 
spectra of whole section of granules were acquired using a combination of line 
scanning mode and a high precision motor stage.  
 
The Raman images for granules with a specific treatment demonstrates that CaCO3 
occurs at the edge of granule like a shell but little dose inside, while Ca(OH)2 exists 
inside but not concentrates at the edge. Furthermore, in another treatment, the 
amount of Ca(OH)2 inside granules is appeared to be decreased. This result implies 
that a part of Ca(OH)2 is made to be migrated outward with water by rapid drying on 
the surface and changed to CaCO3 by reaction with CO2 gas. 
 
We have investigated the behavior of Ca(OH)2 in rapid drying simulation tests using a 
drying oven. As a result, Ca(OH)2 is considered to be hardly moved by the rapid 
drying. On the other hand, several cracks from surface to inside were observed. 
Therefore, it is suggested that embrittement of granules in rapid drying zone shoud 
be caused not by the migraton of binder component (Ca(OH)2) but physical 
destortion that is due to the difference in amount of water between outside and inside 
parts of granules. 



The cell wall composition of tracheids in Norway spruce  
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It is well known that the xylem of gymnosperm trees consists mainly of tracheids and 
that the dimensions of these cells change over the growth season in temperate 
regions. When looking at a micrograph of a cross section of a growth ring, it can be 
seen that early in the season tracheids have larger radial diameters and thin walls, 
while tracheids formed later in the growth season have smaller radial diameters and 
thicker walls. However, information on possible chemical differences between these 
two regions of the growth ring is less abundant. According to a few published studies, 
earlywood normally contains more lignin relative to cellulose when compared to 
latewood. For studies based on traditional compositional analysis and with results 
given per gram dry matter, this result is hardly surprising, as it simply expresses that 
a larger part of earlywood cell wall material consists of lignin-rich middle lamella 
because cells have larger diameters and thinner walls. However, a few studies based 
on ultraviolet microscopy indicate that differences in biopolymer composition also are 
seen when individual cell wall layers are analysed. 
 
In this study, we used Raman microspectroscopy to assess the relative content of 
lignin of earlywood and latewood secondary cell walls from Norway spruce (Picea 
abies (L.) Karst.) and compared the results to infrared spectroscopy performed on 
isolated earlywood and latewood from the exact same growth rings (Fig. 1). Both 
techniques confirmed earlier results. 
 

 

Fig. 1: The peak area ratios evaluated for 

ATR-FTIR and Raman measurements. The 

p-values from the Student’s t-test are also 

given. 



Imaging intracellular drug distribution using stimulated Raman 
scattering microscopy 
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Rapid advances in the field of Raman imaging, particularly stimulated Raman 

scattering (SRS) microscopy are opening up many new avenues for imaging and 

quantification of drugs and small molecules in living systems.1-3 As a result, images 

of small molecules within cells might be acquired without prior conjugation to "bulky" 

fluorescent labels, (which may be as big as the small molecule under observation) or 

the use of nanoparticle sensors (which might perturb cellular biology). Previously, 

metabolic incorporation of alkyne-containing precursors has enabled direct 

intracellular visualisation of a range of cellular components using SRS microscopy 

(Figure 1A).4 However, the detection of compounds with low intracellular 

concentrations remains challenging and in these instances, a Raman labelling 

approach may facilitate detection.5 Spectroscopically bioorthogonal Raman labels, 

including alkynes and nitriles, produce spectrally isolated peaks in the bioorthogonal 

region of the Raman spectrum (1800 – 2800 cm-1) and can thus be used for direct 

intracellular visualisation by SRS microscopy. Here, a series of Raman-active labels 

has been designed and evaluated for drug labelling studies (Figure 1B).6 Real-time 

SRS imaging of drug uptake in living cells is then demonstrated using a multi-modal 

imaging approach to identify novel aspects of drug activity in vitro. 
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Fig. 1: Bioorthogonal Raman imaging approaches. (A) Raman imaging through metabolic incorporation of 
alkynes. (B) Multicolour SRS drug imaging with bioorthogonal (bis)alkyne labels. 
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 Surface-enhanced Raman scattering (SERS) is a valuable tool for detecting small 
concentrations of analytes. The ability to detect trace concentrations and even single 
molecules is made possible when molecular vibrations strongly couple to the 
electromagnetic fields near or at the surface of certain nanostructured materials, 
enhancing the Raman signal as much as a million times when compared to normal 
Raman scattering. While the mechanisms governing the SERS response are well 
understood (chemical and electromagnetic enhancement), much of the attention has 
been focused on factors to improve the electromagnetic enhancement.  However, 
relatively little work has been done on molecular structure and solvent factors that are 
relevant to binding of the analyte to the surface, even though binding is essential for a 
SERS spectrum to be observed. The process of trapping the molecule in the plasmonic 
field may be influenced by solvent-analyte and solvent-substrate interactions. It is 
possible that the solvent may interact with the SERS substrate competing for the 
available SERS binding sites. The mechanism of analyte binding may also be 
influenced by the solubility of the analyte. To study the effect of solvent on the SERS 
response, we selected ethanol (polar protic), acetonitrile (polar aprotic), water (polar) 
and dodecane (non-polar) as solvents, 1,2-bis(4-pyridyl)ethylene (BPE) and thiophenol 
as analytes, and Klarite as the SERS substrate. This study shows the effect of these 
non-plasmonic parameters on the SERS signal. 

  
 
 
 
 
 
 
 
 



Biochemical Raman imaging using targeted-SERS 
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Raman and SERS spectral imaging, which consist of reconstructing a Raman 

intensity profile over a 2D or 3D section of a given sample (in presence or absence of 

a nanosubstrate), allow to visualise the variation of the chemical composition 

associated with the micro-structure of the sample. In particular, targeted-SERS 

imaging also enables the specific imaging of various macromolecules targeted by 

SERS probes in complex biological samples such as cancerous cells. To illustrate 

the versatility of Raman imaging, we describe two applications that were investigated 

recently in our laboratory. First, 3D Raman imaging was used to investigate a 

microcavity in a matrix of gypsum, revealing fossilised carbonaceous compounds 

dispersed in a filamentous shape, highly suggesting the presence of fossilised 

bacteria. Secondly, SERS probes were synthesised to specifically target the FRα 

receptor of folic acid which are often over-expressed at the surface of cancerous 

cells. Confocal Raman imaging was used to study the localization of the probes after 

incubation with KB cells (oral cancer) to confirm the specific targeting of FRα 
membrane receptors (Fig. 1). Moreover, our SERS probes allowed us to distinguish 

two different cancerous cell lines (namely KB and PC-3), based on the degree of 

expression of the FRα receptor of these two lines (high for KB and low for PC-3). In 

the future, these SERS probes may be used for distinguishing between cancerous 

and healthy cells since healthy cells have a lower degree of expression of FRα. 
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Fig. 1: Localisation of the SERS probes (green) in 

contact with a KB cell using confocal Raman imaging. 



Plasmonic Nanosponges 
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Gold nanosponges (nanoporous gold nanoparticles) with controlled particle size and 

pore size can be fabricated via a combination of solid-state dewetting of Au/Ag 

bilayers and a subsequent dealloying process [1, 2]. Due to the combined effects of 

size and porosity, the Gold nanosponges exhibit greater plasmonic tunability as 

compared to solid nanoparticles [3, 4]. For instance, for the NPG-NPs with sizes from 

54 to 393 nm, the plasmon peak can be shifted in a wide spectral range from 685 to 

1070 nm. It is obvious that there is a clear red-shift of plasmon peak with increasing 

porosity. A strong polarization effect has also been observed [3]. In addition, long-

lived plasmon mode has been revealed by the investigation of photonemission [5].    

 

In addition, the plasmonic property can be further tuned by fabricating the related 

hybrid nanosponges through filling other materials into the porous structure. For 

instance, Au/Al2O3 hybrid nanosponges and Au/Ag hybrid nanosponges can be 

realized [4, 6]. The Ag-Au hybrid NPs exhibit higher sensitivity in surface-enhanced 

Raman spectroscopy (SERS) detection of butter yellow (BY) than the NPG-NPs due 

to the presence of Ag and of the porous structure.  

 

Financial support was provided by the Deutsche Forschungsgemeinschaft (DFG, 

grant SCHA 632/20 and grant SCHA 632/24). 
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APPLICATION NOTE

Correlative Confocal 
Raman Microscopy 



Confocal Raman Microscopy 

The outstanding sensitivity of WITec‘s optical systems reduces acquisiton times for single Raman spectra down 
to well below 1 ms and enables ULTRAFAST RAMAN IMAGING® and time-resolved micro-Raman spectroscopy 
with unprecedented resolution. Detecting signals from weak Raman scatterers or extremely low material con-
centrations or volumes with the lowest excitation energy levels is the unrivaled advantage of WITec sytems. All 
Raman spectra are collected and processed by the WITec software suites, which also provide for post-processing 
and in-depth analysis of spectral data. 



Fig. 1: RISE microscopy of graphene
(a) SEM image of a graphene sample. (b) Raman spectra of graphene. (c) SEM image overlaid with the col-
or-coded confocal Raman image. The colors display the graphene layers and wrinkles. 
Image parameters: 20 x 20 µm2, 150 x 150 pixels = 22,500 spectra, integration time: 0.05 s/spectrum, 1 layer 
(blue, dark green), more than 1 layer (light green, red), Si (yellow).

a

c

Comprehensive analyses 
of 2D materials with 
correlative Raman microscopy

The mechanical isolation of single-layer 
graphene with the help of adhesive tape 
in 2004 kicked off the rapid growth in 
research on materials consisting of only 
one or a few layers of atoms, deined as 
2D materials. Different from bulk matter, 
they display interesting semiconducting 
characteristics that inspired an extensive 
exploration of their structural, electronic 
and optical properties. While graphene 
is still the most prominent example of a 
single-layered semiconducting material, 
other 2D materials such as transition 
metal dichalcogenides (TMDCs) and black 
phosphorus also possess sizeable band-
gaps. In this application note we will intro-
duce both confocal Raman microscopy as 
a stand-alone technique and correlative 
Raman microscopy for the comprehensive 
investigation of  various 2D materials.
 
Confocal Raman imaging is an ideal 
method for studying 2D thin ilms, reveal-
ing their molecular characteristics through 
a non-destructive and fast procedure. It 
is used to discern the orientation of their 
layers and to investigate defects, strain 
and functionalization, as their Raman 
properties are determined by molecular 
bonds, relative orientation and number 
of layers. Their morphological details can 
be visualized with other high-resolution 
microscopy methods such as Scanning 
Electron Microscopy (SEM). By correlating 
the information of both approaches, 2D 
materials can be even more thoroughly 
analyzed. 

WITec has developed microscopes that 
integrate confocal Raman imaging and 
optionally Atomic Force Microscopy (AFM), 
Scanning Near-ield Optical Microscopy 
(SNOM) or SEM into one instrument for 
highly sensitive and eficient correlative 
microscopy.

a b

Raman-SEM (RISE) analysis of graphene

RISE Microscopy is the combination of confocal Raman Imaging and Scanning Electron 
Microscopy (SEM). It incorporates the sensitivity of the non-destructive, spectroscopic 
Raman technique along with the high-resolution of electron microscopy. 

In Fig. 1 the SEM (a) and RISE (c) images of a CVD-grown graphene sheet deposited on a 
Si/SiO

2
 substrate are presented. Layer numbers were deduced from the Raman spectra 

(Fig. 1b). The colors used represent a single layer (blue, dark green) with different grade 
of defects and more than one layer (light green, red). The RISE image highlights the large 
amount of defects in the blue area, in good agreement with the high-resolution SEM 
image.



Correlative Raman - AFM - SNOM - Photoluminescence imaging reveals layers and defects of WS2 crystals

Fig. 3: Correlative AFM-SNOM-PL imaging of WS2
(a) AFM image of CVD-grown WS2 lakes on a Si/SiO2 substrate with varying numbers of layers (1, 2, >2). 
(b) A peak intensity map of the 416 relative wavenumbers (cm-1) Raman mode.
(c) Upon excitation with wavelength of 532 nm, WS2 shows a very strong PL around 635 nm.
(d) PL intensity map of the WS2 lakes at 635 nm corresponds exactly to the thickness of the material.
(e) Position map of PL maxima. 
(f) PL lifetime map.
(g) A high-resolution SNOM-PL image of a WS2 lake reveals edge defects that correlate with strong PL.
(h) The edge defects are also visible in the high-resolution SNOM-PL peak position image. 

Sample courtesy of Ting Yu, Nanyang Technological University, Singapore.

WS2 crystals CVD-grown on a Si/SiO2 
substrate form triangular islands. Ato-
mic Force Microscopy (AFM) was used to 
measure their layer thickness (Fig. 3a). 
The lakes are comprised of 1, 2 and more 
layers. The Raman spectrum of WS2 
displays a typical in-plane (E’/Eg) mode at 
352 relative wavenumbers (cm-1) and an 
out-of-plane (A’1/A1g) mode at 416 relative 
wavenumbers (cm-1) (Peimyoo et al. 2014). 
The Raman image of the intensity at 416 
relative wavenumbers (cm 1) shows that 
this signal is strongest in those parts of 
the crystals that consist of two or more 
layers and defects, respectively (Fig. 3b).

The number of layers and the type of layer 
stacking inluences not only Raman peaks’ 
intensities and positions but also the 
intensity of photoluminescence peaks and 
their positions. Due to its direct band- 
gap, monolayer WS2 shows a strong PL 
around 635 nm when excited with a 532 
nm laser (Fig. 3c). This PL decreases sig-
niicantly with increasing layer numbers 
because the direct bandgap that is present 
solely in single-layered TMDCs allows for 
direct recombination of electrons and 
holes (Fig. 3d). Also the PL peak position 
varies and PL lifetime changes with thick-
ness: the more layers the more PL shifts 
to the red (Fig. 3e) and PL lifetime grows 
shorter (Fig. 3f).

Scanning Near-ield Optical Microscopy 
(SNOM) with up to 60 nm spatial resolu-
tion was also used for TMDC characteriz-
ation (Lee et al. 2015, 2017). Here, strong PL 
indicates edge defects in the material, as 
shown in a high-resolution SNOM image 
of another WS2 crystal (Fig. 3g). These can 
also be deduced from PL peak position 
changes (Fig. 3h). 

Yongjun Lee et al., Nanoscale 2015, 7, 11909
Lee et al., Nanoscale 2o17, 9, 2272

Namphung Peimyoo et al. 2014, ACS nano 7, 10985
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inverted 3R3R stacking (Fig. 5e).
O‘Brien and colleagues concluded that 
"... low-frequency Raman mapping can 
distinguish between different stacking 
conigurations rapidly and non-destructi-
vely, allowing TMDCs in different stacking 
conigurations to be identiied and studied 
without the need for high-resolution 
imaging."

intensities and positions. In stable, semi-
conducting MoSe2 with trigonal prismatic 
coordination the individual layers can 
combine in two arrangements, called H 
and R stacking. These so-called polytypes 
cannot be distinguished from each other 
in optical images but can be by their 
distinctive Raman peaks. Intensity changes 
in Raman modes at 19 and 24 relative wa-
venumbers (cm-1) relect differences in the 
layer stacking. 2L MoSe2 displays a typical 
Raman signal at 19 relative wavenumbers 
(cm-1) that is more intense in the 2H than 
in the 3R stacking coniguration (Fig. 5d). 
From the peak maximum map at 24 rela-
tive wavenumbers (cm-1) it is clear that 3L 
MoSe2 shows the highest intensity in the 
3R3R coniguration followed by 2H3R and 

Not every transition metal dichalcogenide 
(TMDC) can be adequately characterized 
by its vibrational modes between 200 
and 500 relative wavenumbers. In some 
materials typical in-plane (E‘/E2g) and out-
of-plane (A‘/A‘1g) modes, though changing 
in intensity with increasing thickness of 
the material, do not show peak shifts. Also, 
these primary Raman peaks are highly 
sensitive to strain and folding (Zhang et 
al. 2013) and therefore cannot be used to 
unambiguously determine the number of 
layers. 

However, low-frequency in-plane shear 
modes (SM) and out-of-plane layer-  
breathing modes (LBM) modes are much 
more revealing (O’Brien et al. 2016). To 
measure Raman spectra close to the laser’s 
excitation wavelength at low wave- 
numbers between 10 and 50 cm-1, eficient 
blocking of the Rayleigh line while still 
transmitting adjacent light is necessary. 
WITec has developed the RayShield coupler 
with exactly these features that can be 
combined with every WITec Raman micros-
cope and is available for 488, 532, 633 and 
785 nm lasers.

All measurements of Fig. 5 were carried 
out by Maria O‘Brien, Nigel McEvoy and 
colleagues (Trinity College, Dublin). The 
low-frequency spectrum shows that  1L 
MoSe2 has no Raman peak in this range 
(Fig. 5a).  With increasing layer numbers 
SM and LBM peaks occur, shifting in 
positions and intensities. Accordingly, 
the lakes that appear to be the thinnest 
in the optical image (Fig. 5b) are almost 
invisible in the Raman image, whereas 
thicker material can be detected by their 
Raman modes (Fig. 5c). The type of layer 
stacking also inluences the Raman peaks’ Fig. 5: Low-frequency Raman modes of MoSe2

(a) Low-frequency Raman spectra of 1L, 2L and 3L MoSe2 with various layer conigurations (H and R).  
(b) Optical image of CVD-grown MoSe2 reveals differences in thickness and structure of the crystals. 
(c) Map of position of maximum peak intenstiy over the range of 10 to 40 relative wavenumbers (cm-1) .
(d) Peak intensity map of 2L MoSe2 at 19 relative wavenumbers (cm-1)
(e) Peak intensity map of 3L MoSe2 at 24 relative wavenumbers (cm-1)

Images courtesy of O‘Brien, McEvoy and colleagues, Trinity College, Dublin, Ireland.
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Low-frequency Raman modes and imaging of MoSe2

O‘Brien et al. 2016, Scientiic Reports 6, 19476 
X. Zhang et al. 2013, Physical Review B87, 115413
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Parameters of the near-ield Raman measurement 

Introduction

Specialized applications can require Ra-

man imaging capability with a resolution 

below the diffraction limit of classical op-

tics (< 200 nm). Near-ield Raman imaging 
is a correlative microscopy technique that 

links chemical Raman information with 

data acquired through high-resolution 

Scanning Near-ield Optical Microscopy 
(SNOM). Typically, lateral resolutions of less 

than 100 nm can be achieved. The combi-

nation of a high-throughput spectroscopic 

system and the cantilever-based SNOM 

technique provides unrivaled sensitivity 

and imaging quality in one microscope 

setup. Microscope systems that combine 

several measurement techniques offer 

a more comprehensive characterization 

and allow the strengths of the individual 

approaches to complement each other.

Near-ield Raman Imaging Principle

 The excitation laser light is focused 

through the SNOM-tip resulting in a 

“near-ield” (evanescent ield) on the far 
side of the aperture. While the sample 

is moved with a piezo-driven scan stage, 

the transmitted light is spectroscopically 

acquired point by point and line by line in 

order to generate a hyperspectral image. 

The optical resolution is therefore limited 

only by the diameter of the aperture 

(< 100 nm). Using a beam delection setup, 
as in AFM contact mode, ensures that 

the cantilever remains in contact with 

the sample. Therefore the topography 

can be recorded simultaneously with the 

near-ield Raman measurement.

Near-ield Raman Imaging: Beyond the Diffraction Limit

Experimental Results

Raman imaging has been proven useful 

to study spatially resolved chemical and 

physical features of graphene. It has been 

shown that strain variations at the na-

noscale effect graphene‘s quality (1, 2, 3)

Here, an exfoliated graphite lake sample 
was investigated with near-ield Raman 
microscopy. Fig. 1 shows the sample 

illuminated by white light. At one point a 

reference Raman spectrum was acquired 

through the SNOM tip with 5 sec. integra-

tion time per spectrum (Fig. 2). The Raman 

signal of the graphite lake was analyzed 
in terms of the integrated intensity of the 

G-Band (near 1600 rel./cm) along a line de-

picted in red in Fig. 1. The width of the gra-

phite lake can be determined by plotting 
the increase in the intensity relative to the 

distance. The complete length of the line 

trace was 20 µm with 400 measurement 

points and 1 sec. integration time per spec-

trum (Fig. 3). Single measurement points 

can be distinguished through a line-trace 

zoom-in on the edge of the graphite lake. 
A lateral resolution of < 100 nm of the 

near-ield Raman technique can thus be 
established (Fig. 4).  Fig. 5 shows the topog-

raphy image of the exfoliated graphite 

recorded at the same time as 

Working principle of WITec near-ield Raman imaging

The WITec alpha 300 RS Microscope



c

a

the near-ield Raman measurement. The 
corresponding topography curve along 

the blue line shows a height of ~10 nm 

and the small size of the graphite lake 
(Fig. 6). With the same scan a near-ield 
Raman image of the G-Band intensity can 

be acquired (Fig. 7). Due to the extreme 

sensitivity of the measurement technique, 

a laser power of approx. 5 µW at the samp-

le and an illuminated area of less than 

100 nm was suficient for image generati-
on. At each image pixel a complete Raman 

spectrum was acquired with only 0.53 sec. 

integration time per spectrum. The scan 

range was 5 µm x 1.7 µm and the image 

size 100 x 35 pixels. The G-band intensity 

along the red line reveals the measurable 

signal variations between the small samp-

le and the substrate (Fig. 8). 

Summary and Conclusion

WITec’s near-ield Raman imaging systems 
enable the generation of Raman images 

with an optical resolution below the 

diffraction limit. The distribution of the 

chemical and molecular components can 

be imaged at very high resolution. The th-

roughput and optimized detection setup 

allow very small sample volumes to be 

analyzed at excitation energies that avoid 

sample damage. Topography is also acqui-

red simultaneously with the hyperspectral 

image. Near-ield Raman imaging pairs 
unrivaled sensitivity with the ease-of-use 

and reliability of the established cantilever 

SNOM probe technique within a single 

microscope system and is suitable for all 

ields of application in which a detailed 
sample characterization is required.
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1) K. S. Novoselov et al. , Nature 2012, 490: 192.
2) A. Ferrari et al.,  Phys. Rev. Lett. 2006, 97: 187401
3) C. Neumann et al., Nature Comm. 2015, 6: 8429.

Near-ield Raman measurements of exfoliated 
graphite
1. Video image of an exfoliated graphite lake
2. Raman spectrum acquired though the  
 SNOM-tip  
3. Line scan showing integrated intensity of
 the G-Band 
4. Line trace zoom-in 
5. Topography image of exfoliated graphite
 (scale bar = 1 µm)
6. Topography curve 
7. Near-ield Raman image (scale bar = 1 µm)
8. G-band intensity. 
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WITec alpha300 Confocal Raman Microscope Series

alpha300 series: modular and lexible design guarantees advanced confocal Raman imaging with 
multiple correlative microscopy technique options, such as AFM, SNOM, SEM (RISE), luorescence, 
photoluminescence and topographic Raman imaging (TrueSurface).
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APPLICATION NOTE

Raman Imaging: A powerful
tool for the label-free 
characterization of single cells 
and bacteria



With confocal Raman imaging the 
molecules of a sample can be chemi-
cally identiied and their distribution 
can be imaged three-dimensionally. 
These beneits are gaining more and 
more recognition in biological and 
medical research and confocal Raman 
microscopy (CRM) is becoming a more 
frequently used method for answering 
crucial questions in life sciences. CRM 
is used for measurements in liquids 
and live cell imaging, solid samples 
and soft tissues. Through various ex-
amples this application note describes 
possible uses of confocal Raman mi-
croscopy and correlative techniques.

Working Principles

Confocal Raman Imaging

The Raman effect is based on light 
interacting with the chemical bonds 
within a sample. This causes a speciic 
energy shift in the backscattered light 
which appears in a unique Raman 
spectrum through which the molec-
ular components of a sample can be 
detected. The confocal Raman imaging 
technique combines Raman spec-
troscopy with a confocal microscope. 
This allows the spatial distribution of 
the chemical components within the 
sample to be imaged. 

High-resolution confocal Raman mi-
croscopes acquire a complete Raman 
spectrum at every image pixel and 
achieve a lateral resolution diffraction 
limited only by (circa λ/2 of the exci-
tation wavelength). 

A confocal microscope setup is fur-
thermore characterized by an excel-
lent depth resolution and facilitates 
the generation of 3D Raman images 
and depth proiles. Confocal Raman 
microscopy can be coupled with cor-
relative microscopy techniques such 
as luorescence microscopy, electron 
microscopy and atomic force micros-
copy.

Raman Imaging: A powerful tool for the label-free characterization of single cells and bacteria

Confocal Raman Microscopy 

The outstanding sensitivity of WITec‘s optical systems reduces acquisiton times for 

single Raman spectra down to well below 1 ms and enables FAST RAMAN IMAGING® and 

time-resolved micro-Raman spectroscopy with unparalleled resolution. Detecting signals 

from weak Raman scatterers or extremely low material concentrations or volumes with 

the lowest excitation energy levels is the unrivaled advantage of WITec sytems. All Ra-

man spectra are collected and processed by the WITec software suites, which also provide 

for post-processing and in-depth analysis of spectral data. 

The Raman effect: 
Inelastic scattering of light at molecules



Raman imaging on fl uorescent cells
Fluorescence microscopy is a well-es-
tablished method for the investigation 
of biological samples. Relevant to 
l uorescence experiments the expres-
sion of certain genes is linked to the 
presence of l uorescent proteins (GFP, 
for example) or can be revealed by l u-
orophore coupled antibodies against 
certain proteins are applied. 

Raman microscopy enables the inves-
tigation of the molecular and chem-
ical components of a sample. There-
fore all components of a cell can be 
investigated and not only those that 
exhibit l uorescence. Nevertheless it is 
sometimes challenging to identify an 
area of interest in Raman microscopy. 
In this case, l uorescence can help to 

locate a specii c region prior to the 
Raman analysis. As l uorescence emis-
sions interfere with the Raman signal, 
it is important to select l uorophores 
that are compatible with the Raman 
investigations. 

Fixed cells on a microscope slide were 
studied with the alpha300 Fluo-
rescence-Raman microscope. Cells 
containing Green Fluorescence Protein 
(GFP) in their cytoplasm were iden-
tii ed in l uorescence mode (Figure 
A) using a Nikon 40x (NA = 0.6) air 
objective. The same cells were then 
imaged with the integrated video 
camera (Figure B) before being imaged 
the cell in confocal Raman imaging 
mode with a ZEISS 63x (NA = 1.25) oil 
immersion objective. The sample was 
excited with a 532 nm diode laser. A 

Raman spectrum at every pixel was 
acquired (Scan range: 43 x 43 µm2, 
120 x 120 pixels, 14,000 spectra). With 
the color-coded Raman image the 
cell body, cytoplasm, nucleus and the 
nucleoli can be clearly distinguished 
(Figure C). In further analysis, the 
Raman spectra obtained from the 
measurement shown in Figure C were 
analyzed by cluster analysis. With this 
Post-processing technique the Raman 
spectra are automatically compared 
and similar spectra are grouped into 
several clusters. From this analysis a 
reduced and simplii ed Raman image 
can be displayed (Figure D) in which 
proteins are shown in blue, the nu-
cleus is shown in red, the nucleoli are 
shown in green and lipids are shown 
in yellow. The corresponding Raman 
spectra are shown in Figure E. 

(A) Fluorescence image of the GFP- 
containing cells with excitation from 
above

(B) Video image from above (C) Color-coded Raman image of the 
GFP-containing cell.

(D) Color-coded cluster analysis image

(E) Corresponding Raman spectra of 
the four clusters.

Image courtesy of Dr. Claudia 
Scalfi -Happ,  ILM, Ulm, Germany
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Investigating the intracellular compo-
nents

Confocal Raman microscopy was used 
to image intracellular components 
of macrophages. Macrophages take 
up low-density lipoproteins (LDL) for 
recycling and removal. If their export 
capabilities are overextended, macro-
phages store lipids and develop into 
foam cells. These foam cells contribute 
to cardiovascular diseases such as 
arteriosclerosis. The subcellular lipid 
distribution of an in vitro THP-1 mono-
cyte cell model was analyzed. The 
monocytes were differentiated into 
macrophages, incubated with deu-
terium- labeled lipids and examined 
with an alpha300 R confocal Raman 
microscope with a 60x NA=1.0 water 
immersion objective, an excitation 
wavelength of 488 nm, and 5 mW 
laser power at the sample. For the lipid 
uptake quantii cation of each cell, the 
C-D (2050-2275 cm-1) to C-H (2800 – 
3020 cm-1) ratio of the Raman scatter-
ing intensities were evaluated. There-
by the C-D stretching vibrations were 
used as markers for intracellular lipids, 
while the C-H stretching vibrations 
rel ected the general density of the 
cellsw. A complete Raman spectrum 
was acquired at every image pixel. The 

WITec Project software was used for 
data evaluation and processing. For 
further information please refer to the 
i gurecaptions.

(A) Raman image of a macrophage cell 
incubated with 400 µM of oleic acid for 3 
hours, generated from the C-H stretching 
intensities. The image was recorded with 
488 nm excitation using a 60x NA=1.0 
water immersion objective at a step size 
of 0.5 µm. A Raman image reconstructed 
using a spectral unmixing algorithm, 
which decomposes the data set of the 
image into its most dissimilar spectral 
components is shown in (B). The associa-
ted spectral information is plotted in (C). 
Clearly visible are the Raman signals that 
originate from the C-H stretching vibra-
tions around 2104 cm-1.

Raman images of macrophage cells incubated with 400 µM of oleic acid for different periods of time. After 30 hours macrophages store 
excess lipids and develop into foam cells.

Images courtesy of Dr. Christian Matthäus, Leibniz-Institute for Photonic Technology, Jena, Germany
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3D confocal Raman imaging of endo-
thelial cells

In this study Raman imaging was 
used to three-dimensionally study the 
heterogeneity of single endothelial 
cells and to dei ne the size, volume, 
shape and biochemical composition 
of the cellular organelles. The ability 
of confocal Raman imaging to con-
struct 3D maps without disrupting the 
spatial integrity of the cell provides a 
unique insight into the biochemical 
architecture and cellular processes of 
the endothelium. 3D confocal Raman 
imaging can be carried out through 
subsequent measurements of several 
sample layers. It can also be used e.g. 
for the early diagnosis of cancer by 
detecting subtle biochemical changes 
in cells and tissues associated with 
cancer development and progression, 
or for morphological analysis of a 
tumor.

An alpha300 R confocal Raman mi-
croscope with a 60x water immersion 
objective for cells and an excitation 
wavelength of 532 nm was used 
for this study. The data acquisition 
was controlled by the WITec Project 
software package. All spectra were 
baseline-corrected using a polynomial 
of degree 3 and the routine procedure 
for removal of cosmic rays was applied. 
The Image J processing program was 
used to generate 3D pictures of cells 
and tissues. For further information 
please refer to the i gure captions.

Images courtesy of Prof. Malgorzata Baranska, Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Krakow, Poland

Confocal Raman imagingstack of an EA.hy 926 endothelial cell (A). 2D integration maps 

of the C-H stretching vibrations (2800–3020 cm-1 range) at different z-positions with 
corresponding single spectra (B) extracted from the same point in the maps (dotted line).



Bacteria studies

It has been reported that Raman 
microscopy can be used to classify 
bacteria by their individual Raman 
spectra down to the substrain level. 
A high-resolution Raman imaging 
system also allows a single bacterium 
to be evaluated in terms of metabolic 
products, the presence of drugs or 
intra- and inter-cellular heterogene-
ity. In the following study, Legionella 
Bozemanii and Bacillus Cereus were 
investigated with an alpha300 R con-
focal Raman imaging system at the 
single cell level. 

(A) Raman iwmage of Legionella Bozema-
nii and corresponding Raman spectra (B):
 Vegetative cells (red) and PHB (blue).

Legionella Bozemanii 

Legionella strains can produce Po-
ly-ß-hydroxybutyric acid (PHB) in 
response to physiological stress, which 
serves as an energy storage molecu-
le that can be detected with Raman 
spectroscopy. In this experiment a 
Raman image was acquired with a 
scan range of 25 x 25 µm2.  The blue  
area in the color-coded Raman image 
corresponds to the integral intensity 
of the C=O ester stretching band at 
1726 cm-1. The red area depicts the cell 
body imaged using the protein amide 
I band at 1662 cm-1. 

A B

The corresponding Raman spectra are 
shown below. The Raman image cle-
arly reveals that the bacterial cells can 
contain different levels of PHB. Cells 
that contained little or no PHB could 
be differentiated from cells with a very 
high concentration.
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Correlative Raman-SEM (RISE) image of graphene.

www.witec.deRaman  •  AFM  •  SNOM  •  RISE

MADE IN GERMANY

Turn ideas into urn ideas inTurn ideas into discoveries

3D Raman3D Raman3D Raman3D Raman Imaging

Let your discoveries lead the scientifi c future. Like no other 
system, WITec’s confocal 3D Raman microscopes allow for 
cutting-edge chemical imaging and correlative microscopy 
with AFM, SNOM, SEM or Profi lometry. Discuss your ideas 
with us at info@witec.de.


