
 

Chemical Imaging  

Chemical Imaging (CI) combines different technologies 
like optical microscopy, digital imaging and molecular 
spectroscopy in combination with multivariate data analy-
sis methods. CI systems can be classified in Whiskbroom- 
(Mapping), Staring- (2D wavelength scanning) and 
Pushbroom- (line scanning with spectral dispersion) im-
agers. The concept can be applied over a wide spectro-
scopic range from UV-VIS-NIR, fluorescence, IR and Ra-
man.  

Whiskbroom Imaging 

Whiskbroom Imaging means that each single point of 
the sample is spectrally recorded with a single detector. 
Such systems have a broad flexibility in terms of sam-
ple size, raster width, spectral ranges and implementa-
tion in optical methods. This mode leads to a band-
interleaved-pixel (BIP) data format. Whiskbroom Imag-
ing is typical for IR, Raman and confocal microscopes. 

Staring Imaging 

Staring Imaging means that a sequence of two-
dimensional images of a fixed sample at different wave-
lengths is acquired. The spectrum of any Pixel can be 
obtained through a cut over the lambda stack by plot-
ting the intensity vs. wavelength. The wavelength selec-
tion can be realized either by a rotating wheel with fixed 
band pass filters, acousto-optical-tunable filter (AOTF), 
liquid crystal tunable filters (LCTF) or by monochromatic 
illumination. This mode leads to a band-sequential im-
aging (BSQ) data format. 

Pushbroom Imaging 

This system uses a matrix detector together with a 
spectrograph and a lens system.  Images contain the 
full spectral information along one line across the 
sample. One dimension of the detector corresponds 
to a spatial line image and the other dimension cor-
responds to the spectrum. The band-interleaved-by-
line (BIL) format is a compromise for both spatial and 
spectral information.  

Whiskbroom  

- high spectral resolution  

- high discrimination power 

- high flexibility  

- high lateral resolution 

- easy to implement 

- high information density 

- stop motion method 

 

Staring  

- good spectral &                        

spatial resolution 

- no motion stop 

- real online and inline                          

application 

 

Pushbroom  
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Chemical Imaging  

FT-NIR/IR Imaging  

NIR and IR spectroscopy can distinguish specific 
changes in chemistry and morphology. It is often 
used for the identification and distribution of organic 
ingredients in a sample. Microscopic NIR and IR im-
ages can be measured with the Perkin Elmer AU-
TOIMAGE FT-NIR/IR Microscope. The spectra are 
mapped point-by-point in transmission, reflectance or 
ATR-mode. The microscope specifications are: 75 
mm x 50 mm sample size, < 10 µm resolution, 6x 
Objective with 0.6 NA, 10000 to 700 cm-1 with S/N 
ratio of 4000:1.  

Raman Imaging  

Raman Imaging provides intrinsic contrast without the 
necessity of dying, staining or complex sample prepara-
tion. Our unique, highly modular and flexible 
microscopy system based on a Witec alpha300 micro-
scope contains a Confocal Raman Microscope and 
many other features. It is particularly suitable for meas-
urements of Raman scattering in microscopic dimen-
sions. Due to the confocal setup, a layer discrimination 
in z- direction can be realized. The microscope 
specifications are: < 300 nm resolution, 20/50/100x 
Objective, up to 4000 cm-1 Raman shift at 532 nm 
excitation. Raman Imaging in the Anti-Stokes range 
is also possible. The Renishaw semi-confocal Raman 
microscope allows Raman Imaging with an excitation at 
633 nm or 785 nm. 
 

Fluorescence and Fluorescence-
Lifetime-Imaging (FLIM) 

FLIM allows to identify the chromophor as well as the 
analysis of the lifetime. Anisotropy and FRET 
measurements allow the characterisation within the 
nanometer range. The TimeHarp 200 with 375nm and 
485 nm excitation and three SPC from 200 nm – 
820nm   can be combined with the nearfield or farfield 
microscope. 
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nucleus 

cytoplasm 

260 nm: nucleus 285 nm: cytoplsm 

Chemical Imaging  

Multi-Modal UV-VIS-NIR System 

Our system is based on an optimized Microspectro-
meter of Zeiss MPM 800. The improved optical setup 
provides a six times higher S/N ratio in the UV range 
compared to the original equipment. Thus it is also 
possible to map and image two dimensional excita-
tion and emission spectra to separate similar chemi-
cal species. Mapping and imaging is also possible in 
transmission, diffuse and specular reflectance and 
polarisation in a wide spectral range from 230 to 
2300 nm. Some examples of marker-free 
characterizations are shown below.  

Bioimaging  
The images show CHO cells at two different wave-
lengths. It is possible to separate different cell areas like 
cytoplasm and nucleus. The Whiskbroom technique 
provides a high spatial and spectral resolution.  
 
 
 
 
 
 
Tablet Imaging  
The image shows an Aspirin tablet at 
1660 nm. It is possible to visualize the 
active pharmaceutical increment and 
the excipient. The Staring technique 
provides images with a high spatial 
resolution.  
 

Online Pushbroom Imaging  
By scanning over the object or 
recording a moving target, a 2D 
spectral image can be formed. 
The collection of sequences of 2D 
images leads to a continuous 
multidimensional space consisting 
of time (or one spatial direction), 
space, wavelength and intensity. 
 

Spectroscopic features 

 

- Zeiss Microspectrometer MPM 800 

- UV-VIS-NIR detectors:  PMT, PbS  

- UV-VIS-NIR cameras 

- UV-VIS-NIR imaging spectrographs 

 

Microscopic features  

 

- Transmitted & reflected light 

- Brightfield & darkfield 

- Fluorescence (excitation / emission) 

- Phase contrast  

- Polarization 

- Differential interference contrast 
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Multimodal Raman-, VIS-, NIR- and 
Back Scattering Spectroscopy 

 

Our unique, highly modular and flexible microscopy 
system is based on a Witec alpha300 microscope. It 
contains a Confocal Raman Microscope, a Scanning 
Nearfield Optical Microscope (SNOM), an Atomic Force 
Microscope (AFM) and two spectrometers in the 
VIS/sNIR- (400-1000 nm) and NIR range (1000-
1500 nm). Scanning Nearfield Optical Microscopy and 
Spectroscopy (SNOM and SNOS) is possible with 
aperture-based optical probes as well as with Solid 
Immersion Lenses. 

VIS/NIR Spectroscopy and Imaging 

Example: Spectral Imaging of an Aspirine tablet 

Glioblastoma  
Microscope Image 

Glioblastoma  
Raman Mapping at 532 nm 
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Raman Spectroscopy and Imaging 

Raman spectra of EHA (green) and PS (blue) 

 
 
Back Scattering Spectroscopy and Imaging 

Example: Latex particles of different sizes 
 

 
Spectroscopy and Imaging Techniques 
+ Classical Microscopy Techniques 
+ Nearfield Optical Microscopy and Spectroscopy 
+ Multivariate Data Analysis Techniques 
= A unique system for the exploration of 
chemistry and morphology with a lateral 
resolution far beyond the diffraction limit of light. 

Back scattering spectroscopy 
of chromosomes in combina-
tion with Multivariate Data 
Analysis results in a marker 
free karyogram 

 

Raman Image of an 
EHA/PS Polymer blend 



 

The pushbroom imager 

Our pushbroom imager system consists of a lens or 
fiber optics, a dispersive element (ImSpector 
spectrograph, Specim) and a matrix detector (PixelFly 
Vis camera and Zeutec NIR camera).  

The camera captures a line image of a target and 
disperses light from each line pixel to a spectrum, with a 
spectral resolution of 2 nm and over a wide spectral 
range (380 – 780 nm, 900 – 2500 nm).  

2D Fluorescence spectroscopy 

The combination of the 
pushbroom imager with a 
fluorescence system allows the 
real-time collection of 2D 
fluorescence spectra for the 
identification and characterization 
of chemical species in fast 
reactions. 

The spectrometer specifications are:  2 nm spectral 
resolution, 200 – 700 nm excitation wavelength, with 
simultaneous range of ca. 150 nm, 380  – 780 nm 
emission wavelength, up to  24 fps frequency of image 
acquisition. 

Multiarray spectrometer 

When coupled with multichannel fiber optics, the 
pushbroom imager converts the camera in a 
multiarray spectrometer for the simultaneous 
sampling of several discrete points (up to 100). 
Applications include for example continuous 
monitoring of chemical reactions in microreactors.  

Online process monitoring and optimization 

By scanning over the object or recording a moving 
target, a 2D spectral image can be formed. Real-time 
multidimensional data imaging, combined with efficient 
data extraction and analysis, can be used not only to 
monitor and control a process at a high level, but also to 
optimize its performance in a wide variety of industrial 
applications. 

Light 
source 

Pushbroom 
imager 

conveyor belt 

2-D fluorescence spectrum 
of anthracene 
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