Product Overview
Infrared and Raman Spectrometers

Innovation with Integrity

F T-IR/ NIR/ Raman

Bruker Optics

Bruker was founded in 1960 with nuclear
magnetic resonance (NMR) products.
Advances in scientific computing technology
used for the Bruker NMRs, along with the
pioneer work of Professor Ludwig Genzel
(1922-2003), director of the Max Planck
Institute in Stuttgart, Germany, led Bruker in
a new direction: Fourier Transform Infrared
Spectroscopy.
Bruker launched its first-ever FT-IR spectrometer, the IFS series, and entered the
field of vibrational spectroscopy in 1974.
The ‘Genzel’ interferometer and many other
unique options available on IFS series have
instantly set standards in FT-IR spectroscopy.
Since then, Bruker’s Vibrational Spectroscopy
product line has been continuously expanding
with instruments suitable for both analytical
and research applications.

Early IFS Series with ‘Genzel’ interferometer
set many standards in research FT-IR.

Today, Bruker Optics is a part of the Bruker
Corporation and offers FT-IR, NIR, Raman,
TeraHertz spectrometers and imaging
spectrographs for various markets and
applications. Bruker Optics has R&D and
manufacturing centers in Ettlingen,
Germany, and The Woodlands, USA,
supporting technical centers and offices
throughout Europe, North and South America
and Asia.
Whether it’s a high-end research system, a
life sciences tool, a routine quality control
instrument or a process analyzer, Bruker
Optics offers a wide variety of innovative
analytical tools for all your demanding
needs. The countless innovations found on
our products, delivering unmatched analytical
power, represent our philosophy of think
forward.

Today, most Bruker Optics products are manufactured in our facilities in Ettlingen, Germany.

Bruker Optics product line
FT-IR spectrometers and microscopes
NIR spectrometers
Raman spectrometers and microscopes
Vacuum FIR/THz spectrometers
Imaging spectrographs and
monochromators

Overview

Commitment to quality and
innovative instrumentation

Bruker offers comprehensive validation solutions.

Commitment to quality
Engineered with unprecedented quality, our
dedication to product excellence is a benefit we
offer to all our customers.

Drop test ensures product
durability standards.

All our products are final
tested before their delivery
to our customers.
Vibration test on process
instruments provides
assurance on stability.

Fully digital data acqusition
The data acquisition on Bruker spectrometers
is based on unique dual-channel delta-sigma
ADC’s with true 24-bit dynamic range,
which are integrated into the detector
preamplifier electronics. This technology
minimizes noise pickup which leads to
spectra with outstanding signal-to noise
characteristics.

RockSolidTM interferometers
Cube-corner
mirrors

Many Bruker Optics spectrometers utilize
cube-corners in its well-proven RockSolidTM
interferometers, incorporating dual retroreflecting cube-corner mirrors in a double
pendulum arrangement. The inherent optical
properties of the cube-corner mirrors avoid
effects of mirror tilt; the unique optical
and the rugged mechanical design using
space-proven, wear-free flex-pivot bearings
located in the center of mass, eliminate
mirror shear. The combination of these features result in spectrometers and analyzers
with outstanding reliability, perfect stability
and insensivity to vibration and thermal
effects.

FT-IR

Bruker has the industry‘s most comprehensive FT-IR product-line; from the very
compact FT-IR spectrometer to the world´s
highest resolution.

ALPHA
About the size of a lab book, ALPHA, the
very compact FT-IR spectrometer will play a
big part in your daily routine. Plug & play set
up and easy to use software combined with
QuickSnapTM sampling modules assure
powerful and reliable FT-IR analysis you
expect from Bruker. ALPHA is ideal for
academic teaching and routine industrial
applications.

ALPHA with ATR Sampling Module.

Mobile-IR portable FT-IR
Material Identification - Anywhere!
Bruker’s Mobile-IR is a self-contained,
rugged portable FT-IR spectrometer that
provides benchtop performance, wider
spectral coverage and higher spectral
resolution.
It’s ideal for crime scene investigation,
environmental monitoring and hazardous
material identification applications.

Mobile-IR.

TENSOR series
If you need an FT-IR spectrometer that can
rapidly identify, quantify and verify your
routine samples, TENSOR is the right tool
for your laboratory. It combines the highest
performance and outstanding flexibility with
ease of use. A full line of sample compartment and external FT-IR accessories enable
it to be used for various challenging applications.

TENSOR 27 FT-IR Spectrometer.

Most comprehensive FT-IR product line;
from the very compact to the highest in resolution

VERTEX series
The VERTEX Series is built on a fully
upgradeable optics platform that is
designed with the utmost flexibility in mind.
Multiple input and exit ports allow users
to connect various external and internal
accessories and components to customize
the instrument based on applications.
VERTEX spectrometers share a wide
range of features and utilize well-proven
RockSolidTM and UltraScanTM interferometer
designs.
VERTEX 70 FT-IR Spectrometer.

Vacuum optics
With the vacuum models, peak sensitivity
in the mid-, near-, and far-IR regions is
obtained without the fear of masking very
weak spectral features by air water vapor
absorptions. For the VERTEX 80v vacuum
spectrometer a unique option is available:
The new automatic beamsplitter exchange
unit BMS-c for automatic spectral range
selection without the need of venting the
spectrometer vacuum optics.
VERTEX 80v Vacuum FT-IR Spectrometer.

IFS 125 series
The IFS 125 is built for performance with
each instrument component optimized to
approach the theoretical limit of sensitivity.
It offers the highest spectral resolution
available down to better than 0.001 cm -1,
a resolving power of up to 10 6 and the
widest wavelength range from 5 cm -1 in the
far-IR/THz to 50,000 cm -1 in the UV. The
mobile IFS 125/M is dedicated to gas phase
absorption studies, frequently applicable to
atmospheric research.
IFS 125/HR.

FT-IR

Remote Sensing

Bruker offers a full suite of solutions for
use in a wide variety of remote sensing
applications.
Bruker solutions offer the capability for
automated detection, identification and
quantification of chemical gas clouds,
liquids and surfaces of interest. All systems
offered utilize ruggedized Bruker FT-IR
interferometers assuring unsurpassed
repeatability and accuracy and are available
for operation with remote power sources for
true field applications.

Applications

Features and benefits
Permits qualitative and quantitative
analysis

▀

First Response Vehicle Deployment

▀

Hazaradous Material Detection

▀

Security and Defense

▀

▀

Forensic Science Imaging

▀

▀

Municipal Air Quality

▀

Fugitive Gas Identification

▀

Industrial Facility Surveillance

▀

Passive and active measurement capability

▀

Volcanic Gas Detection and Measurement

▀

Integrated automatic calibration systems

▀

Surface Analysis

▀

Operable with remote power sources

▀

▀

Long range detection capability
Hyperspectral imaging using SIGIS 2 and
HI 90
Large spectral libraries of VOC, TIC and
CWA

Software and libraries
OPUS RS software permits operation of
all Bruker remote sensing systems with
minimal training. Using an intuitive graphical
user interface, data is easily collected by the
system operator. All Bruker Remote Sensing
systems are provided with a real-time library
for identification of toxic industrial chemicals
(TICs). Optionally, chemical agents can be
added. In addition, an extended library for a
wider range of toxic industrial chemicals and
volatile organic compounds (VOC) may be
applied for further analysis.

High performance FT-IR systems

EM 27 remote sensing FT-IR
Providing laboratory grade performance,
the EM 27 remote sensing FT-IR can
easily be deployed in the field for various
environmental air monitoring applications.
Emissions from smoke stacks, waste
disposal and hazardous emissions from
chemical accidents, can be observed
with an operating range of up to several
kilometers.

EM 27.

HI 90 hyperspectral imaging system

HI 90.

Atmospheric, environmental research,
volcanology, industrial surveillance and
homeland security outline the wide range
of applications of the HI 90 Hyperspectral
Imaging System. The HI 90 is ideally suited
for real-time identification, quantification,
and visualization of gas clouds. In addition,
algorithms based on a combination of image
processing and spectral analysis can be
applied. The system may also be used in a
range of imaging applications for solids and
liquids.

SIGIS 2 scanning imaging remote
sensing system
SIGIS 2 is a remote sensing sytem that allows
rapid identification, quantification and visualization of gas clouds from long distances. The
system maps a predefined area and results of
the analysis are visualized by the video image,
overlaid by a chemical image.

SIGIS 2.

The SIGIS 2 can be used for environmental
applications, atmospheric research, volcanology, and industrial facility surveillance. The
SIGIS 2 is currently being deployed by emergency response forces in Austria, Denmark,
Germany, Italy and the Czech Republic.

Remote
Sensing

FT-Raman

The Raman effect is based on the inelastic scattering of monochromatic light with
matter. As the complementary vibrational
information technique of IR spectroscopy,
Raman provides detailed molecular structure information.
The Raman effect is based on the inelastic
scattering of monochromatic light with matter. Due to its non-destructive and in-situ
characteristic, Raman spectroscopy is a
powerful tool for molecular analysis. Raman
is ideal for solid and liquid samples, providing important information on molecular
structure that can be used to supply ac-

curate identification of unknowns, quantitative and conformational analysis of your
samples.
Bruker introduced its Fourier transform (FT)
Raman product line shortly after the
technique was first reported in late 1980s.
Since then, continual hardware and software
improvements maintain Bruker’s tradition
of innovation and excellence for Raman
spectroscopy. More recently, Bruker started
utilizing dispersive Raman technology
combining years of experience to bring innovative solutions to the market.

MultiRam
The MultiRAM is a stand-alone, highperformance FT-Raman spectrometer.
It has a large sample compartment to
utilize an extensive range of pre-aligned
sampling accessories that are designed to
accommodate all types of sample formats from powders to liquids in vials.
The unique feature of the combination
possibility with the FT-Raman microscope
RamanScope III and Bruker´s dispersive
Raman microscope Senterra expands
Raman spectroscopy to samples in the low
µm size range.

MultiRam Stand-Alone FT-Raman.

RAMII FT-Raman module
Designed as an add-on module, Bruker’s
RAM II is a dual-channel FT-Raman accessory
that can be coupled to VERTEX series multirange FT-IR spectrometers. It combines fast
and easy sample handling with maximum
suppression of disturbing fluorescence,
expected from FT-Raman.
A dedicated configuration, named PL II,
is available to use the module for photo
luminescence (PL) application e.g. in the
area of semiconductor quality control and
material search.

RAMII coupled to VERTEX 70 FT-IR.

Photovoltaics & Semiconductor QA/QC

FT-IR, Photoluminescence and Raman spectroscopy are widely accepted as valuable
tools for the analysis of photovoltaic and
semiconductor materials. Based on decades
of experience Bruker offers dedicated QA/QC
solutions and highest performance R&D
instruments for this task.
FT-IR benchtop spectrometers are ideally
suited e.g. for room temperature Carbon
and Oxygen quantification in Silicon or
the analysis of passivation layers. Various
accessories e.g. for wafer mapping, FT-IR
microscopes and dedicated data evaluation
software open a wide range of possibilities.

When highest sensitivity and/or low temperatures play a key role Bruker is the FT-IR
market leader for demanding QA/QC in the
PV and semiconductor field. E.g. the low
temperature Silicon PL system achieves
lowest detection limits less than 1ppta for
shallow impurities (B, P etc.). In particular
CryoSAS, the dedicated cryogenic Silicon
analysis system, is meanwhile the gold
standard for Si producers worldwide. Finally
with the Raman HTS Bruker introduced the
first commercial Raman mapping system for
large thin film solar panels.

CryoSAS: low temperature silicon QC

CryoSAS.

CryoSAS is a unique and automated low
temperature analyzer for the high sensitivity
QC of solar and electronic grade Silicon.
It quantifies Carbon, Oxygen and shallow
impurities (B, P, As etc.) according to
international ASTM/SEMI standards, is easy
to operate and does not require cryogenic
liquids. Compared to e.g. old fashioned wet
chemical methods, the analysis is much
more sensitive, faster and destruction free
and thus fulfills all requirements of modern
and efficient quality control.

Raman-HTS: thin film solar panel analyzer

Raman-HTS.

Raman HTS is the first commercial Raman
mapping system for destruction free analysis
of large thin film solar panels. Its low penetration depth predestines the Raman technique for highly sensitive surface and thin layer
analysis which can give valuable information
on the homogeneity of e.g. amorphous Si,
micromorph tandem cells, CI(G)S or organic
thin films. The intuitive software and the fully
automated measurement procedure make
the Raman HTS a comfortable and easy to
use analyzer of PV thin films.

Raman
Photovoltaics &
Semiconductor
QA/QC

FT-IR & Raman Microscopy

Sample visualization is the important first
step in the analysis of almost any sample.
Infrared and Raman spectroscopy are
versatile and powerful analytical techniques
that can be applied to micro-analysis.
Bruker’s FT-IR and Raman microscopes are
built on state-of-the-art optical microscopy

platforms that provide optimal sample
visualization and also feature chemical
imaging and mapping. Areas of application
include material science, forensics,
mineralogy, failure analysis, content
uniformity, sample homogeneity and quality
control.

LUMOS
LUMOS is a stand-alone FT-IR microscope
with full automation. It is designed to combine best performance for visible inspection
and infrared spectral analysis with highest
user comfort.
Due to the motorization and networking
of all moveable components inside the
LUMOS, the system provides a high degree
of automation. The intuitive software of the
LUMOS guides the operator step by step
through the process of data acquisition. At
each step the user interface only provides
these functions appropriate to proceed.
Due to its motorized ATR crystal all IR measurements, even those in ATR mode, are
performed automated with the LUMOS.

LUMOS.

Analytical research and process control solutions

HYPERION series
Featuring infrared chemical imaging, crystalclear sample viewing and a wide variety of
IR and visible objectives, the HYPERION
series provides everything needed to conduct the most demanding micro-analysis
easily and efficiently. It can be coupled to
TENSOR and VERTEX Series FT-IR spectrometers.

HYPERION 3000 coupled to TENSOR 27.

The HYPERION 3000 represents the
pinnacle of infrared microspectroscopy,
incorporating state-of-the-art Focal Plane
Array detectors for the most demanding
infrared imaging applications. High resolution
chemical images can be collected in a matter
of seconds.

SENTERRA
Bruker‘s SENTERRA is an easy to use
Raman microscope that combines many
novel features such as the patented SureCal permanent calibration, and on-demand
confocal depth profiling. With a wide variety
of excitation lasers providing high spectral resolution, it is ready to challenge any
microanalysis research applications.

Raman
Microscopy
SENTERRA Raman Microscope.

RamanScope III
When sample fluorescence is a problem,
FT-Raman microscopy with near infrared
1064 nm excitation is frequently the only
solution. RamanScope III can be coupled to
Bruker’s FT-Raman spectrometers, and can
be combined with the SENTERRA dispersive
Raman microscope as a hybrid solution.

RamanScope III.

FT-NIR

Discover the flexibility of
near infrared spectroscopy
Choosing the best possible sampling method
is crucial when solving a specific analysis task.
Near-Infrared Spectroscopy (NIR) is an ideal
technique for both on-line and in the laboratory. It offers several advantages over traditional methods, including the ability to make
measurements remotely over fiber optics,
rapid results and multiplexing capability.
NIR spectroscopy has largely replaced a
number of wet chemical analysis methods.
With the fiber optics and the integrating sphere
sampling techniques, NIR spectroscopy does not
require any sampling preparation. It is a fast
and precise tool for the nondestructive analysis
of liquids, solids and paste-like materials,
saving costs by reducing time and reagent use.

Integrating
sphere provides
easy reflection
analysis.

Sample
compartment for
vials.

Fiber optic
probes
for remote
sampling.

MPA multi purpose analyzer
Bruker‘s dedicated FT-NIR spectrometer
MPA offers everything you need for the
analysis of liquids, solids, powders and
tablets. Selection of the different measurement
accessories is completely software controlled
and validated, without the need for any
manual exchange.

MPA.

MATRIX series
The award winning MATRIX series processready FT-NIR Spectrometers incorporate
state-of-the-art optics for outstanding
sensitivity and stability. Available configurations
include fiber optic coupling up-to 6 probes
and integrating sphere.

MATRIX-I.

The choice for quality control
in the laboratory and at-line

TANGO
Faster, simpler, more secure - with TANGO
your NIR analysis speeds up. TANGO has
exactly what users require of an FT-NIR
spectrometer suitable for industrial use:
robustness, high precision and straightforward operator guidance.
The proven FT-NIR technology by Bruker
was combined with an easy-to-use touch
screen operation and a small footprint,
perfect for those laboratories with limited
space.
TANGO.

Forget tedious training courses or
specialized knowledge. TANGO makes
it simple for you: with its intuitive user
interface it guides the operators quickly
and securely through the work flow.
Also untrained staff can operate the
spectrometer securely and error free. Good
to know: the user interface is available in
more than 15 languages.

After the measurement, the result of the
analyzed product is displayed immediately.
TANGO delivers reliable results wherever
highest demands are made on raw
materials as well as intermediate and
finished products and a rapid measurement
at low cost must be ensured.

FT-NIR

Process Analytical Technologies

Process analytical technologies
Today, many companies are not only striving
to manufacture high quality products, but
also to increase production efficiency by
installing the analytical systems directly into
their production plants. This improves process
verifiability and gives the company the
opportunity to optimize material use.
Bruker’s technology base includes FT-IR
and FT-NIR spectroscopy. This allows us
to offer a choice of analytical solutions based
on application or sampling point. The robust
design of our spectrometers enables use in
tough conditions in the production plant.
Our application and development support
ensures your success, a staff of dedicated
engineers and chemists participate in every
phase of a project from feasibility studies to
installation, calibration, training service and
support.
The Industry‘s most comprehensive
range of solutions based on vibrational
spectroscopy
At-line, on-line, in-line real-time process
monitoring
Various sampling in-situ and non-contact
sampling probes and accessories
Process-ready, rugged instruments that
can be customized and run with a wide
range of communication protocols
Dedicated process software, and
validation solutions

FT-NIR measurement heads and
probes
A wide range of fiber optic probes is available for the MATRIX-F series – from immersion probes for liquids to reflection probes
for solid materials. For contactless measurements, Bruker offers emission heads which
collect the reflected light from the sample,
also as fully ATEX certified version for gas
and dust Ex-zones.

Process ready,
rugged
instruments.

Immersion, flow
cell and noncontact fiber optic
probes.

Professional
installation &
integration.

Process applications
For many years, vibrational spectroscopy
has been used in a wide range of industries.
Fast measurements and high information
content allows the simultaneous analysis of
many different parameters with high precision.
Chemical: hydroxyl value, acid number,
saponification value, iodine number,
moisture content, homogeneity, ...
Pharmaceutical: quality control of incoming
goods, reaction control, mixing and
drying processes, coating quality, ...
Petrochemical: octane- and cetane
number, distillation-, flash- and cloud
point, aromatic content, PIONA analysis, ...
Polymers: density, viscosity, cross-link
density, end group analysis, stabilizer
or monomer content, ...
Food & Beverage: protein, fat, moisture,
sugars, salt content, Iodine value, acidity,
dry matter, amino acids, ...

At-line, on-line & in-line
process monitoring and control

MATRIX-F FT-NIR spectrometers
The award winning MATRIX-F FT-NIR
spectrometers allow direct measurement
in process reactors and pipelines, leading
to a better understanding and control of the
process. Its innovative design provides
consistent high-quality results, less downtime
and direct method transfer.

MATRIX-F FT-NIR Spectrometer.

MATRIX-MF FT-IR spectrometers
Utilizing the information-rich mid-IR region
in both laboratory and process environments, the MATRIX-MF is a process-ready
spectrometer that is ideal for real-time
monitoring and analysis of chemical and
biological reactions.

MATRIX-MF FT-IR Reacting Monitoring.

TANDEM on-line tablet characterization PAT tool
TANDEM is a fully automatic on-line PAT
tool that allows the collection of process
data and control the tablet compression
process. The system provides both physical (weight, thickness, diameter, hardness)
and chemical (e.g. content uniformity, API
content) characteristics of pharmaceutical
tablets.

TANDEM on-line PAT tool.

Process
Analytical
Technologies

TENSOR Series
FT-IR Spectrometers

Innovation with Integrity

F T-IR

Designed to provide
versatility and high

Highest sensitivity with 24-bit
dynamic range ADC

performance, TENSOR

Robust and permanently aligned
patented RockSolidTM interferometer,
10-year interferometer warranty

series sets new standards

Sealed and desiccated optical
bench

in FT-IR analysis, offering
multitude of automated
features and easy
operation.

Near IR, Mid IR and Far IR spectral
range
Largest sample compartment in its
class for full sampling flexibility
Output beam port for advanced
FT-IR analysis using external
accessories
Rapid Scan kinetic measurements
Validation

TENSOR Series FT-IR Spectrometers

Ready for Today & Tomorrow
TENSOR series incorporate an innovative instrument concept and high quality
components, that results in superior
performance today and tomorrow.

analyze

The TENSOR helps reduce cost and
time per analysis and provides accurate
and precise results for your daily quality
control or research work.

Reliable Performance


Ok

verify

The TENSOR series have a network of
intelligent functions such as recognition
of sampling accessories and optical components, automatic setup and verification
of measurement parameters, to ensure
easy and reliable analytical work with
high sample throughput.
The TENSOR series are equipped with an
Internal Validation Unit (IVU), an automated filter wheel which houses tracable
standards for instrument performance
verification and validation. The software
automatically evaluates the instrument
performance and determines if the instrument is operating within specifications.

quantify

identify

Optional system validation manual,
is a complete resource even for the
toughest validation and regulatory
compliance. The qualification routines
(IQ/OQ/PQ) meet ASTM, US-FDA,
Japanese and European Pharmacopeia
guidelines.

Highest Quality for Highest Performance

TENSOR with
Platinum ATR Accessory
The Platinum ATR is a single
reflection diamond ATR
accessory that is designed to
significantly ease your daily
routine. The ergonomic onefinger clamp mechanism
simplifies the infrared analysis
of solid and liquid samples.
The robust diamond crystal
allows to analyze all kind of
liquid and solid samples for
near, mid- and far Infrared.

Commitment to quality

Digital Data Acquisition

Engineered with unprecedented quality,
our dedication to product excellence is a
benefit we offer to all our customers.

The TENSOR utilizes fully digital electronics
to ensure optimum interferometer control,
highest sensitivity and long-term stability.
Bruker‘s DigiTectTM detector system guarantees low noise, making the TENSOR a
powerful routine FT-IR spectrometer with
the performance of a research spectrometer.

Compare today’s FT-IR spectrometers
and you’ll discover that often, you must
sacrifice performance and features for
affordability. We believe that quality
optics and high performance should be
available even in an instrument designed
for routine use.

The data acquisition is based on unique
dual-channel delta-sigma ADC’s with
true 24-bit dynamic range which are
integrated into the detector preamplifier electronics. This technology allows
outstanding signal-to-noise-ratio without
any disturbing “spikes” results.

Get the Most Out of Your
Infrared Analysis
High Performance Interferometer
Bruker has led the development for many
of today’s most important FT-IR innovations
and prides itself not only on a high level
of customer support but also on technical
achievements. The interferometer is the
heart of an FT-IR spectrometer and is one
of the main reasons for the superior performance of Bruker spectrometers. Cube
corner interferometers are widely used for
laboratory and process applications and
have some unique characteristics. Unlike
flat mirrors, cube corners are practically
immune to mirror tilt (i.e. angular movement
of the mirror). This is an important consideration since the light returning to the
beamsplitter must be precisely recombined
or a reduction in the stability, resolution, and
spectral quality will occur. The RockSolidTM
interferometer incorporates dual retro
reflecting cube corner mirrors in an inverted
double pendulum arrangement. A wear-free
pivot mechanism is located at the center of
mass. This patented design optically eliminates mirror tilt and mechanically prevents
mirror shear. It is also resistant to vibration
and thermal effects. The wear-free nature
of the bearing in the RockSolidTM interferometer ensures exceptional stability and
reliability even in harsh environments. The
high throughput design delivers the highest
possible signal-to-noise ratio, resulting in
the fastest and most accurate results possible.

Cube Corner mirrors are immune to mirror tilt. By design incoming
and reflected lightbeam are exactly parallel. This is the fundamental
principle of Bruker Optics’ permanently aligned RockSolid TM
interferometer.

The TENSOR Series offers an achievable signal-tonoise ratio of better than 8000:1 peak-to-peak using
5-second acquisition time conditions (Test 1) and
better than 45,000 : 1 peak-to-peak using 1-minute
measurement conditions (Test 2). Superior sensitivity
faster and more accurate analysis allows you to get the
most out of your infrared analysis using either internal
or external accessories.

Better than 45,000:1 SNR = 9.7*10-6 Abs. noise

256 background scans
1 minute sample measurement (73 scans)
4cm -1 Resolution
Blackman-Harris Apodization
KBr beamsplitter, room temperature detector and
air-cooled MIR source
Peak-to-Peak Noise from 2200 - 2100cm -1

Why S/N is important?
The signal-to-noise ratio of an FT-IR spectrometer is the
measure of performance for the time that is needed to
accumulate a good IR spectrum. In FT-IR spectroscopy,
multiple scans are accumulated to result in a final
spectrum. The acquisition time that is needed depends
on the sample and sampling technique, but it always
depends on the performance of the FT-IR spectrometer.
The better the signal-to-noise performance will result
in shorter measurements. But due to statistical reasons
the measurement time is proportional to the square of
the noise ratio. In other words; if one wants to improve
the S/N by a factor of 3, one has to measure 9 times
longer. Compare the Bruker to other manufacturers’
FT-IRs, and you will find that TENSOR provides the
most out of your infrared analysis.

Extend your Sampling Capabilities
Flexibility

Internal Accessories

The source and the detector of the TENSOR Series can
easily can be exchanged by the operator. Necessary
settings are adjusted automatically. Electronically coded
sources, detectors, and beamsplitters are recognized
by the instrument, and the experimental parameters are
immediately reconfigured by Bruker Automatic Component Recognition (ACR) system.

The TENSOR has a large sample compartment to
accommodate virtually any FT-IR sampling accessory
from any vendor. Sampling accessories are mounted
and pre-aligned on Bruker’s QuickLock baseplate for
fast, easy and reproducible exchange. Immediately after
the sampling accessory is inserted, it is automatically
recognized by the IntelliSense coding. Existing commercial and custom made accessories can be retro-fit to the
Automatic Accessory Recognition (AAR) system, including the firmware.

External Accessories
Sampling capabilities of the TENSOR
can be expanded by adding an optional external beam
port. This allows the attachment of one or more external
accessories. In addition, various sample changers are
available to increase sample throughput.
HYPERION Series FT-IR Microscope
HYPERION 3000 FT-IR Imaging System
HTS-XT High Throughput Screening
eXTension
IMAC Focal Plane Array Macro
Imaging Accessory
TGA-coupling
PMA 50 Polarization Modulation
Accessory for VCD and PM-IRRAS
External sample compartment;
evacuable or purgeable
Fiber optic coupling unit with
MIR- or NIRfiber probes for solids and liquids
External vacuum tight UHV-chamber
adaptation
Integrating sphere
Liquid auto samplers

TENSOR with HYPERION
Series FT-IR Microscope

TENSOR System Design

TENSOR FT-IR Spectrometer
sealed 5 chamber design
user exchangeable components
large and flexible sample compartment
optional external beam

Large sample
compartment with
QuickLock baseplate
for easy exchange of
sampling accessories

“Platinum ATR“ diamond
ATR sampling accessory

Expandability
The TENSORTM 37 allows the user to easily exchange the optical
components and convert the system into a powerful near infrared
spectrometer and vice versa. The NIR capabilities of the TENSORTM 37
open up a new realm of sampling possibilities. NIR has several distinct
differences from Mid-IR, especially useful for QA/QC analysis. Bands
in the NIR are less intense than those in the Mid-IR, thus samples can
be measured without dilution.

Exchangeable detectors with integrated 24-bit
dynamic range electronics

Removable sample
compartment cover

User replaceable HeNe laser

User exchangeable sources
(MIR/FIR and NIR)

Instrument status indicator

Internal Validation Unit (IVU)
for automated OQ,PQ tests

Automatic aperture
wheel
Optional external beam for
external accessories;
microscope, TG-coupling,
etc.
User exchangeable and
rechargeable desiccant
(high capacity molecular
sieve for water and CO2
reduction)
Patented RockSolidTM
interferometer

Sealed interferometer
chamber

The Leader in FT-IR Spectroscopy
The new ALPHA is the culmination of what Bruker Optics
have pioneered and developed for infrared spectroscopy in
over 30 years. Today, we offer the industry’s most advanced
FT-IR product line.
Our success stems from our commitment and dedication to
provide you the proper analytical tool you require to solve a
demanding research problem or run a daily quality control
routine.

ALPHA
Very compact laboratory FT-IR spectrometer that
utilizes dedicated QuickSnap™ accessory modules.

Mobile-IR
Portable FT-IR spectrometer for the identification of
unknowns anywhere! With its IP65 rated case, rugged
design, it is ready for the field use.

MATRIX-MF
Process ready, rugged FT-IR spectrometer, that can be
coupled to custom gas cell integrations or up to 6 fiber
optic probes for reaction monitoring applications.

VERTEX Series
Research level FT-IR spectrometers, that can be fully
customizable to meet your demanding requirements.
Its vacuum option can eliminate atmospheric moisture
absorptions for ultimate sensitivity and stability.

IFS 125 Series
World‘s highest resolution FT-IR spectrometer; with
0.0008 cm -1 resolution, IFS 125HR is in a class by itself.
Also offered as emission-only portable model.

Technologies used are protected by one or more of the following patents:
US 5309217; DE 4212143; DE 104025448; DE 19940981; US 5923422; DE 19704598

Bruker Optics
is ISO 9001 certified.
Laser class 1
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TENSOR 27 FT-IR Spectrometer
Specifications
Spectral range:

Resolution:
Wavenumber accuracy:
Photometric accuracy:
Signal-to-Noise:
Signal-to-Noise (achievable):
Interferometer:
Optics:
Scan speed:
Spectra rate:
Detector:

8,000 to 340 cm -1, with standard KBr beamsplitter
11,000 to 350 cm -1, optional, with broadband KBr beamsplitter
5,000 to 200 cm -1, optional with CsI optics
6,000 to 500 cm -1, optional with „High Humidity“ ZnSe optics
better than 0.9 cm-1, optional better than 0.4 cm-1
better than 0.01 cm -1 @ 2,000 cm -1
better than 0.1% T
5 Sec: >6,000:1 (= <7.2 x 10 -5 AU noise) peak-to-peak, 4 cm -1 resolution
5 Sec: >8,000:1 (= <5.4 x 10 -5 AU noise) peak-to-peak, 4 cm -1 resolution
1 Min: >45,000:1 (= <9.7 x 10 -6 AU noise) peak-to-peak, 4 cm -1 resolution
RockSolidTM, permanent aligned, high stability
Gold coated mirrors
3 velocities, 2.2 - 20 kHz (1.4 - 12.7 mm/sec opd),
optional 5 velocities, 2.2 - 80 kHz (1.4 - 51 mm/sec opd)
optionally up to max. 25 spectra per second @ 16 cm -1 optical resolution
DigiTectTM detector system, high sensitivity room temperature DLATGS,
optional LN2 cooled MCT detectors (photo conductive and photovoltaic),
near IR detectors; easy exchange

Innovation with Integrity

F T-IR

A/D converter:
Validation:
Aperture wheel:
Spectrometer size:
Sample compartment size:
Weight:
Spectrometer power:
Computer interface:
Spectroscopy software:

True 24-bit dynamic range for all scan velocities;
Dual channel data acquisition
IVU internal validation unit, fully automated OQ/PQ test and protocols
11 positions, fixed diameters, ranging from 250 µm to 6 mm
66.5(W) x 43.4(D) x 28.1(H) cm
25.5(W) x 27(D) x 16(H) cm
37 kg
85 - 265 VAC, 45 - 67 Hz, 70 W
Ethernet connection
OPUS: easy-to-use, full GLP compliant, full 21 CFR part 11 compliant

Spectrometer Options
Switch mirror for output port
Beam bender port multiplexer,
for up to four different output ports
Dual channel acquisition
MIR Accessories for the Sample Compartment
Accessory kit including ATR,
diffuse & specular reflectance
Liquid cells, demountable and fixed
Liquid autosampler
Gas cells, variable and fixed pathlength
Diffuse reflectance accessories
Specular reflectance accessories
Variable angle specular reflectance
ATR, single bounce
Diamond ATR
Horizontal ATR, multiple bounce
Photoacoustic cell
Beam condensers
and more...

OPUS/SEARCH, software package for the
creation of user libraries and expanded library
search capabilities
OPUS/STRUCTURE, software package for
the drawing and search of chemical structures
OPUS/IDENT, software package for the
identification of raw materials
OPUS/QUANT, software package for the
quantification of ingredients
OPUS/CHROM, software package for TGand GC-FTIR coupling
OPUS/MAP, software package for measurements
with a mapping stage
OPUS/VIDEO, software package for video
supported measurements
OPUS/3D, software package for the evaluation
of 3D-data
OPUS/LAB, software package for QA/QC

External MIR Accessories
HYPERION series, FT-IR microscope
HTS-XT, High Throughput Screening eXTension
TG-, and GC-FTIR coupling
PMA 50, Polarization Modulation Accessory
for VCD and PM-IRRAS
External sample compartment

Libraries
Extended set of libraries, e. g.:
BRUKER/MERCK (3125 spectra)
BRUKER/BASF (3900 spectra)
BRUKER POLYMER (1300 spectra)
BRUKER/PHARM (400 spectra)
BRUKER/CROP (185 spectra)
BRUKER/KIDNEY STONES (>5000 spectra)
EPA Vapor Phase (3300 spectra)
Georgia Crime Lab (740 spectra)

Software
OPUS, OPtics User Software, consists of a suite of
software packages for all standard and specialized
applications. Optional OPUS packages:

Service
Remote diagnostics
Services contracts
Validation packages and services

Technologies used are protected by one or more of the following patents:
US 7034944; US 5923422; DE 19704598
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Bruker Optics

SENTERRA

Raman Microscopes

think forward

Raman

SENTERRA, the only continuously
		 calibrated Raman Microscope

SENTERRA Raman Microscope combines numerous novel and
patented features such as permanent calibration, fluorescence
rejection and on-demand confocal depth profiling. The most important innovation is certainly its continuous calibration method, as it
eliminates daily calibrations with external standards, providing you
reliable, reproducible measurements.

A Revolution in Raman Microscopy
Bruker’s years of innovation and excellence in Raman
spectroscopy has led the way to revolutionise the
Raman microscopy. The SENTERRA is a high performance Raman microscope spectrometer designed for
most demanding analytical and research applications.
The SENTERRA Raman microscope incorporates many
features that make it the ideal choice for the analytical
laboratory.
Switching between excitation lasers could not be easier.
The user simply selects the laser of choice and
SENTERRA will automatically position spectrograph and
excitation source.

Permanent calibration with Sure_Cal®
All-in-one, compact, confocal design
Class 1 laser safety enclosure
Multiple wavelengths: 830nm, 785nm, 633nm,
532nm and 488nm
FT-Raman with 1064nm excitation
Confocal depth profiling with FlexFocusTM
High spatial and spectral resolution
Automatic instrument response correction with
NIST standards
Automatic Fluorescence Rejection using SERDS
Open architecture allows coupling to inverse
microscope, AFM and the z-stage for special
applications

Compact Design

Most commercial Raman microscopes employ spectrographs that are separate from the microscope.
Therefore, alignment and maintenance of these devices was time consuming. SENTERRA integrates a
multi laser Raman spectrometer onto the confocal optical microscope. The spectrometer part is integrated
in between the base and the binocular of the microscope. Due to this compact design, the beam path is
kept very short, which accounts for the high stability and sensitivity of the system.

Housing for the laser(s)

High quality video
camera; images can be
saved with the spectra

Spectrograph housing

Class 1 Safety
Enclosure

Motorized X, Y, Z
Sampling Stage with
depth profiling
capabilities

Patented Innovations for Superior Performance
Sure_Cal® Automatic Continuous Calibration

Automatic Fluorescence Rejection™ by SERDS

Stability is a crucial issue for both, research applications
for highly accurate determination of band shifts as well
as for routine identification in the QA/QC laboratories.
SENTERRA‘s patented Sure_Cal® method calibrates
the system automatically with unmatched wavelength
precision and accuracy. With each Raman spectrum the
excitation line of the laser is also recorded. Beside this,
the emission lines of a Neon lamp are measured. As a
consequence changes of the spectrograph as well as
changes of the laser excitation are recognized and the
Raman spectra are automatically corrected with these.
Due to this Sure_Cal® technology the SENTERRA
is continuously calibrated and no daily calibration by
external standards is required. The wavelength accuracy
and precision is maintained to be better than 0.1cm -1
over the lifetime of the instrument without user calibration or maintenance. Each acquired Raman spectrum is
automatically calibrated.

The SENTERRA incorporates the revolutionary and patented Automatic Fluorescence Rejection (AFR) method
for eliminating fluorescence from many samples. So far,
Raman spectroscopy has been a limited tool for sample
analysis, because many samples exhibited fluorescence. With the SENTERRA, sample fluorescence can
frequently be eliminated to produce high quality Raman
spectra even on the most demanding samples.

SENTERRA offers a broad scale of means
for overcoming fluorescence:
Shifted Excitation Raman Difference Spectroscopy
(SERDS), patented
Concave Rubberband Correction (CRC), patented
Selection of appropriate excitation laser
Quenching of fluorescence by confocal Raman
microscopy

Sure_Cal® Automatic Continuous Calibration

Automatic Fluorescence Rejection SERDS

Sure_Cal ® allows the user to begin collecting data
right away without worrying about calibrating the
system. The wavelength is calibrated without
needing any external standards. The measured
Raman shift over many days is shown above. The
wavelength accuracy is better than 0.1cm -1 over
more than 20 days continuous data collection!

The upper (red) spectrum shows fluorescence
background of carbazole with 785nm excitation.
The middle (blue) spectrum shows the result
spectrum after automatic fluorescence rejection.
For comparison a Raman spectrum (black) of
carbazole was recorded with 1064nm.

Expandable Features
FlexFocus™ Confocal Microscopy
on Demand
Taking into account the pros and cons of both traditional
confocal and pseudo confocal methods, a novel method
combining the best of both principles called FlexFocusTM
was implemented into the SENTERRA.
It utilizes a hybrid aperture containing an array of pinholes and slits serving as both the confocal aperture and
the spectrograph entrance aperture, providing both confocal or high throughput performance on demand. Because the confocal mode for all designs inherently has
less throughput, it is highly desirable to have a system
that can rapidly and easily switch back and forth from
the high throughput and confocal modes of operation.
The selection of the slit in the software provides high
throughput, whereas selection of the pinhole yields the
high confocal mode of operation. With FlexFocusTM, the
problems of the traditional confocal approach is eliminated, while maintaining optimal confocal performance
when needed.
Using FlexFocus a depth resolution of better than 2.0µm
is obtained with a 100x objective and the 50µm pinhole.
Lastly, by utilizing a single mount to have access to the
high throughput and confocal modes of operation, the
number of moving parts is minimized and the throughput is therefore enhanced.

FlexFocus™ Confocal Microscopy on Demand
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Flexibility
Bruker Optics offers various accessories including
mapping stages, heating/cooling stages, polarizers and
depolarizers to enhance the capabilities of your Raman
spectrometer. Depth profiles are performed automatically by using a very accurate motorized Z-drive. For the
analysis of biological specimens the SENTERRA is also
available on an inverted microscope.

For the investigation of biological specimens
the SENTERRA can be coupled onto an inverted
microscope.

For larger samples the SENTERRA can be configured as
an open architecture Raman microscope. As the dimension of the sample is here not longer hindered by the
microscope frame, this configuration is often used in
arts for the Raman analysis of paintings and old books.
For remote sampling fiber optics probes with video
option are available which can be connected to the
SENTERRA without impairing the microscopic
sampling.

Slit / Pinhole
Hybrid Aperture
Slit

Sample

Sample

FlexFocus High
Throughput Mode

FlexFocusTM
Confocal Mode

TM

To study larger samples such as paintings, ancient
books or statues, the SENTERRA can also be used
on a motorized Z-stage instead of the microscope
frame.

OPUS Software
Advanced Optical Microscopy
As the SENTERRA is based on the Olympus BX series
optical microscope, all the necessary tools for excellent
sample visualization and contrast enhancements like
Koehler brightfield illumination, polarized light, Nomarski
differential interference contrast (DIC), darkfield and fluorescence are available. The standard trinocular viewer
allows you to safely see your sample on the computer
monitor or through the binoculars.
The standard aperture stop in the Koehler illumination
provides the first and easiest method for enhancing contrast. Visible polarizers can be employed for birefringent
samples. Darkfield illumination, phase contrast, and DIC
can also be important tools for sample observation and
characterization. Fluorescence illumination and observation is a very sensitive technique for samples that are
autofluorescent or were specifically labeled before.

OPUS is an intuitive and flexible spectroscopic software
for comprehensive control of the Raman microscope
spectrometer, data acquisition, processing and evaluation.

Full spectrometer control and data processing
All essential functions of the SENTERRA are controlled
by the OPUS software. The Raman spectrum and other
related information such as the video images of the
sample are stored within one file to ensure clear assignment.
2D chemical Raman mapping and 3D depth profiling can
be generated with full assistance of the live video package of OPUS. For the analysis of structured surfaces an
autofocus is available. Numerous different 2D and 3D
plot options for visualization of the data are available as
well as multivariate analysis tools.

Atomic Force Microscopy (AFM)
To study the morphology and topography of any sample
with a spatial resolution much below the diffraction
limit of visible light, the SENTERRA is also available in a
combination with an atomic force microscope. With this
device a certain region of interest in a sample can be
analyzed by AFM and Raman consecutively without any
translocation of the sample.
Bruker NANOS is the only AFM scanning head that
approximates the size and shape of a standard optical
objective. It is mounted in the nose piece of the microscope, so that the user can easily change from AFM to
any optical objective by a simple turn.

Sophisticated 3D Data Evaluation
Classical Trace Computation
3D Cluster Analysis
Principal Component Analysis (PCA)
Artifical Neural Networks (ANN)
Multivariate Linear Regression (MLR)

Dedicated software packages such as for temperature controlled measurements and for high troughput
sampling are included in the OPUS software for the
SENTERRA.

Superior Data Analysis

Left: Chemical map showing local distribution of
an active pharmaceutical agent (API) on a tablet
Mid: Chemical map with API as contours on the
optical photograph
Right: Chemometrical evaluation with cluster analysis showing the distribution of API and excipient
To combine Raman with AFM, the SENTERRA
can be integrated into an AFM microscope.
Bruker‘s AFM objective NANOS includes the
scanning head and focus drive.

Applications
Extensive Raman Libraries

The SENTERRA is well suited for the most demanding
research and analytical applications including:

More than 15,000 Raman spectra featuring extensive
collections of organics, inorganics, minerals, fibers,
forensics, semiconductors, dyes and pigments are available. Unique algorithms for the search of characteristic
spectral patterns, are available in OPUS accomplishing
fast identification of measured components by their
spectral similarity to any of the references.

Validation
NIST certified standards are used to provide reliable correction of the instrument response function.
Complete system validation including software and
hardware according regulations such as 21 CFR part11,
GAMP as well as USP and PhEu is available for the
SENTERRA.

Pharmaceuticals (Polymorphism)
Material Sciences & Nanotechnology
Forensics
Art Conservation & Restoration
Mineralogy & Gemology
Polymers & Plastic
Life Science
Photovoltaics
The optical and Raman spatial resolution is limited only
by diffraction providing the highest quality mapping
capabilities. The high wavelength accuracy also makes
the SENTERRA a good choice, where only small band
shifts shall be detected.
The SENTERRA provides confocal depth profiling with
depth resolution to the physical limits.

Submicron Spatial Resolution
Left: Optical photograph of a
single polystyrene bead with
diameter of ca. 700nm with
assigned measurement
positions; step width: 0.1µm.
Right: 2D spectral map of a
single polystyrene bead with
diameter of ca. 700nm showing lateral resolution of better
than 1µm. The spectral range
from 875 - 1125cm -1 is shown.
Depth Profiling in Microns Level

Confocal depth profile of a 5 layer polymer laminate
Left: Scheme of laminate with 5 distinctive layers and optical photograph, lateral view; Mid: Extracted Raman spectra from depth profiling showing Raman spectra of polypropylene – polyamide – polyvinylalcohol - polyamide – polypropylene; Right: 2D spectral map of a depth profiling of 70
consecutive Raman measurements (500-1,500cm -1) showing 5 distinctive layers including two intermediate layers with thickness of 3 and 4 microns,
thickness of laminate: ca. 70µm, step width for depth profiling: 1µm, 100x oil immersion objective

Bruker Optics
Related Bruker Optics instrumentation

Support, Training and Service
Application Support
Bruker Optics is staffed mainly by scientists and engineers with in-depth knowledge of the instrumentation
in the field. Our product specialists are available to offer
advice concerning the use of sampling attachments,
choices of optical components and software procedures. Furthermore, we at Bruker specialize in close
co-operation with our customers in the development of
spectroscopic techniques.

RamanScope III compact benchtop FT-Raman
microscope for non-destructive microanalysis.
The RamanScope III can be combined with
SENTERRA to allow Fourier transform and
dispersive Raman analysis.

Training
Customer training courses are held on a regular basis for
the benefit of the instrument users. Customized on-site
training is also available from our staff of application
specialists.

Service

RAM II FT-Raman module with up to two
excitation lines (1064nm, 785nm).

Bruker Optics spectrometers are intended to provide
years of trouble-free operation, but should a problem occur a network of Bruker companies and representatives
around the world are ready to respond to your needs.
Professional installations and a high standard of postdelivery service are commitments Bruker Optics makes
to each of its customers.

Bruker Optics
is ISO 9001 certified.
Laser safety classification: LASER CLASS 1
Depending on accessories adapted the classification of
the Raman spectrometers may equal the classification of
the exciting laser and exceed class 1.

HYPERION Series for FT-IR Microscopy and
Imaging.

www.brukeroptics.com
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VERTEX Series
Advanced Research FT-IR Spectrometers

Innovation with Integrity

F T-IR

VERTEX 80v

VERTEX 70v

VERTEX 80

VERTEX 70

Upgrade to a Higher Peak

When Bruker Optics set the bar for research FT-IR spectrometers, we
knew that someday we would have to raise it. The VERTEX Series
is the culmination of everything Bruker has pioneered and developed
over more than 30 years. Built on a fully upgradeable optics platform
that is designed with the utmost flexibility in mind, VERTEX spectrometers share a wide range of advanced features.

System Design
The VERTEX 70 utilizes the RockSolidTM interferometer, which is ideal for applications ranging from routine to research. The VERTEX 80
is designed for the most demanding research
applications, and utilizes the new UltraScanTM
interferometer that is designed for high resolution, rapid scanning, and superior performance
over a very wide spectral range. The vacuum
versions of these spectrometers, the VERTEX
70v and 80v, provide the ultimate rejection of
interference from atmospheric gases.

VERTEX 70v vacuum optics bench

Superior Features
Highest resolution and resolving power
Peak signal-to-noise performance
Fastest scanning speed
Evacuable, purgeable or sealed and
desiccated optics bench for lowest
atmospheric interferences
Largest number of beam ports, software
selectable
Easy beamsplitter exchange without
interferometer alignment for widest spectral
range extension to the near IR, visible/UV
and far IR/THz
Recognition of all sampling accessories and
optical components
Step-Scan time resolved and modulation
options
Widest range of options to meet all current
and future needs

Fully Digital Data Acquisition

Preamplifier electronics
convert signals to digital

LN2 filling port
Detector
receives analog
IR signal
Dovetail
mount
helps guide
detector
exchanges

Digital
signals sent to
spectrometer‘s
electronics

BRAIN: BRuker Artificial Intelligence
Network
BRAIN is a collection of intelligent functions;
including the recognition of sampling accessories and optical components, and automatic
set up and verification of measurement parameters. Spectrometer electronics and mechanical components are constantly monitored
to assure they are functioning correctly. The
electronically coded sources, detectors, and
beamsplitters are recognized by the instrument, and the experimental parameters are
immediately reconfigured by Bruker Optics’
Automatic Component Recognition (ACR)
system. In addition, if two conflicting components are installed, the system will recognize
this and suggest possible solutions to the user.
These features provide ease of use for the
VERTEX Series even for demanding, complex
research applications.

DigiTect MCT-detector
The VERTEX Series is a fully digital FT-IR spectrometer providing the highest flexibility and the highest instrument performance. The data acquisition is based on delta-sigma ADC’s with
true 24-bit dynamic range that are integrated into the detector
preamplifier electronics. Bruker‘s patented advanced DigiTect
technology prevents external signal disturbance and guarantees
the highest signal-to-noise ratio.
True 24-bit dynamic range
No gain-switching artifacts
Parallel dual-channel technology
Integrated detector electronics
No noise spikes in the IR spectrum
Compact electronics design

Wide Spectral Range
The VERTEX 70 and the VERTEX 70v can be optionally
equipped with optical components to cover the spectral
range from 15cm -1 in the far IR (10cm -1 for the VERTEX
70v) to 28,000cm -1 in the ultraviolet. The most utilized
spectral range from 30cm -1 to 8,000cm -1 is accessible
using the standard IR source and room temperature
DLaTGS detectors. Due to the pre-aligned optical components and the permanently aligned RockSolid interferometer, changing spectral range is fast and easy. Two
internal sources and detectors are computer controlled,
only the beamsplitter has to be exchanged, which does
not require any interferometer re-alignments.

Electronically coded beamsplitters can be manually exchanged by the user. The spectral range
change is automatically recognized when the
component is inserted.
Match of spectral ranges

Spectral Range Extension
The VERTEX 80 and the VERTEX 80v can optionally be
equipped with optical components to cover the spectral
range 10cm -1 (5cm -1 for the VERTEX 80v) in the very
far IR, or terahertz region, through the mid IR, near IR,
visible and ultraviolet spectral ranges all the way to
50,000cm -1. With its pre-aligned optical components
and the actively aligned UltraScanTM interferometer,
spectral range change is easily accomplished.

Reflectance spectrum of Infrasil quartz glass
showing a perfect match of the mid and far IR
spectral range (overlapping range is between
700 and 400cm -1).

RockSolid Interferometer
The heart of the VERTEX 70 and 70v is Bruker’s
patented, permanently aligned RockSolid
interferometer, which is equipped with goldcoated optics and has a 30° angle of incidence
for maximum efficiency and sensitivity. The
permanent alignment provides consistent high
quality results, less downtime and outstanding
stability. Digital electronics ensure optimal interferometer control, highest sensitivity and longterm stability. The DigiTect detector system
guarantees low electronic noise, making the
VERTEX 70 series a powerful FT-IR spectrometer for routine or research use.

VERTEX 70 beam path

Highest Resolution
The standard spectral resolution of better
than 0.4cm -1 for the VERTEX 70 is suitable for
almost all measurements of solids, liquids and
low temperature crystalline samples. However,
should the needs of the laboratory change, the
spectral resolution capabilities of the VERTEX
70 can be upgraded to a resolution of 0.16cm -1,
which is usually sufficient for gaseous samples
at ambient pressure, where the typical natural
line width is greater than 0.2cm -1.

VERTEX 80 optics bench
Resolving power of the VERTEX 80

Highest Spectral Resolution
The VERTEX 80 standard configuration provides
apodized spectral resolution of better than
0.2cm -1. For advanced high resolution application an optical PEAK resolution of better than
0.06cm -1 is available. Such a high resolution is
achieved even in the short wavelength visible
spectral range, providing a resolving power of
ν/∆ν (band position divided by the band width
at half height) of better than 300,000:1. Other
manufacturers measure the resolution in the
mid-IR around 2,000cm -1. A far more stringent
test of a spectrometer is to measure the resolution at high wavenumbers, because it requires a
much higher resolving power.

High resolution measurement showing electronic band transitions
of iodine vapor in the visible spectral range, with a typical absorption band width at half height of less than 0.06cm -1. Demonstrated
resolving power, ν/∆ν, is better than 300,000:1 which is unmatched
by any commercial bench-top FT-IR spectrometer.

UltraScanTM Interferometer

VERTEX 80 beam path

The VERTEX 80 and the VERTEX 80v vacuum
FT-IR spectrometers are based on the actively
aligned UltraScanTM interferometer, which
provides PEAK spectral resolution. The infinite
life linear air bearing, TrueAlignment of the
scanning interferometer arm and PEAK quality
optics guarantee the ultimate sensitivity and
stability.
The innovative TrueAlignment technology
does not produce the artifacts, such as ghost
peaks and additional noise, that can occur with
the dynamic alignment systems used in other
spectrometers.

VERTEX 80v Vacuum Optics Bench
Why Vacuum Optics?
The most common method of reducing the effects of
atmospheric contaminants is to purge the optics bench
as can be done for the VERTEX 70 and VERTEX 80
FT-IR spectrometers. However, there are certain cases,
in which it is difficult to obtain adequate results with a
purged instrument. Residual moisture absorptions by
room air can lead to significant noise in infrared spectroscopy. The vibrational modes of water vapor and carbon
dioxide exhibit rotational splitting, giving a very large
number of sharp and intense lines. Software procedures
can not completely remove them because their shape
and intensities are temperature and resolution dependent
and the possible uncompensated residuals may mask
weak but important spectral features. Only a vacuum
spectrometer can completely remove these lines, thus
permitting the highest quality spectra to be recorded by
making use of the achievable high sensitivity and stability.

Vacuum Advantages
Weak spectral features are not masked by
moisture absorptions
High spectral resolution features do not interfere
with CO2 and H2O absorption lines
Cast aluminium housing of the optics bench
provides highest stability
No problems caused by dry air purge supply fluctuations
The VERTEX vacuum spectrometers provide unique
options for the separation of the sample compartment
from the additional parts of the optics bench. The sample
compartment ports are either permanently equipped
with IR windows, or adjustable telescopic windows can
be used in order to minimize the room air path length or
it is even possible to fit automatic sample compartment
shutters. These shutters are especially useful since they
allow venting and re-evacuating the sample compartment for sample exchange and leave the optics beam
path free of any window absorptions which increases
the signal to noise ratio of the measured spectra.

Possible positions for
externally vacuum tight
adapted detectors such as
liquid He cooled bolometers for
the far IR/THz spectral ranges

Detector compartment with
selectable DigiTect positions
for room temperature and
LN 2 cooled detectors

Optional automatic sample
compartment shutter

Removable and vacuum tight sample
compartment front side flange

VERTEX Vacuum Features
Rapid evacuation by high speed, oil-free vacuum pump
Automatic sample compartment shutter option for
quick sample exchange
Permanently mounted windows or adjustable telescope
windows for permanently purged sample compartment
EMC compatible O-ring sealing

External QuickLock accessory release
button for easy exchange of internal
measurement accessories

Electronics unit with
LED indicators of the
instrument status

Vacuum valves and fittings
for automated sample
compartment venting and
re-evacuation or purging
HeNe quadrature
sensing control laser

High resolution TrueAlignment
UltraScan Interferometer with
wear-free air bearing scanner

Internal beamsplitter
storage positions

External input beam ports

6 positions internal validation unit
and 12 positions aperture wheels

Internal source module

Standard QuickLock
Transmittance sample mount

Remotely controlled beam exit ports
with vacuum tight window flanges

Expand Your Capabilities

The HYPERION series provides the most
advanced FT-IR microscopy capabilities, utilizing
state of the art optics for optimal sample visualization.

The PMA 50 is ideal for polarization modulation
infrared reflection absorption spectroscopy
(PM-IRRAS) and vibrational circular dichroism
(VCD) spectroscopy.

Upgradability
If your application requirements change,
Bruker’s upgrade policy can help you
exchange your VERTEX series spectrometer
to a higher level model. For instance, you
can upgrade from the VERTEX 70 to the
VERTEX 80, or even from these spectrometers to the vacuum versions.

Internal Accessories
The VERTEX has a large sample compartment to accommodate virtually any FT-IR
sampling accessory from any vendor.
Sampling accessories are mounted and prealigned on Bruker’s QuickLock baseplate
for fast, easy and reproducible exchange.
Immediately after the sampling accessory
is inserted, it is automatically recognized by
the IntelliSense coding. Existing commercial
and custom made accessories can be retrofit to the Automatic Accessory Recognition
(AAR) system, including the firmware.

For gas measurements, the large sample compartment easily accommodates any gas cell. The
VERTEX series has unmatched signal-to-noise
and spectral resolution for the most demanding
investigations.

RAM II FT-Raman Module

External Accessories
The VERTEX series offers an extensive line of sampling
accessories for the internal sample compartment for transmission, ATR, specular, diffuse reflectance and other types
of measurements. The VERTEX series is also ideal for
applications that need to be carried out using accessories
that can only be mounted externally, e.g. for space reasons
or to keep the internal compartment free for more routine
measurements.
There are virtually no limitations with respect to flexibility.
Five beam exit ports on the right, front and left side and
two beam input ports on the right and rear side of the
optics bench are available. This allows simultaneous connection of, for example, a synchrotron light source using
the rear side input port, the PMA 50 polarization modulation accessory at the right side exit port, a fiber optics
coupling at the right front port, a bolometer detector at the
left front port and the HYPERION FT-IR microscope at the
left side exit port.
The possibility of combining internal and multiple external
accessories makes the VERTEX Series an exceptionally
powerful system that can handle almost any analytical
problem that can be solved by FT-IR analysis.

Available External Accessories
HYPERION Series FT-IR Microscope
HYPERION 3000 FT-IR Imaging System
RAM II FT-Raman Module and the
RamanScope III FT-Raman Microscope
PL II Photoluminescence Module
HTS-XT High Throughput Screening
eXTension
IMAC Focal Plane Array macro
imaging accessory
TGA-coupling
PMA 50 Polarization Modulation
Accessory for VCD and PM-IRRAS
External sample compartment,
evacuable or purgeable
Fiber optic coupling unit with MIR- or NIRfiber probes for solids and liquids
External vacuum tight UHV-chamber
adaptation
Integrating sphere
Auto samplers

The RAM II dual-channel FT-Raman module
combines fast and easy sample handling with
maximum suppression of interfering fluorescence obtained by using a 1064nm laser for
excitation. Bruker Optic’s proprietary ultra
high sensitivity intrinsic Ge detector with 5
days hold time of refrigerant, superior collection optics, and the 24-bit dynamic range
electronics provide unsurpassed sensitivity
and long-term stability. The RAM II‘s large
sample compartment can accommodate
an extensive range of prealigned sampling
accessories. The system can also be coupled
to the RamanScope III FT-Raman microscope
for fluorescence free Raman analysis of small
samples.

HYPERION FT-IR Microscope

Featuring full automation, infrared chemical
imaging, crystal-clear sample viewing
and a wide variety of IR and visible objectives,
the HYPERION series provides everything
needed to conduct the most demanding
micro-analysis easily and efficiently. The
HYPERION uses a Focal Plane Array (FPA)
detector and proprietary detector optics for
hyperspectral imaging, resulting in unmatched
speed, sensitivity, and spatial resolution.

Data Acquisition and Analysis
OPUS Software
The integrated OPUS spectroscopy
software provides unsurpassed flexibility. As an example, the OPUS/3D
package shown on the right provides
processing and viewing of the results
obtained with time resolved or mapping
packages such as OPUS/CHROM,
MAP, STEP, FPA and VIDEO. It supports 2D (traces) and 3D (stacked and
contour) representations of the data
together with video images. OPUS/3D
includes a variety of useful postprocessing options. All manipulations
and evaluation functions offered in the
OPUS software can be applied to 3D
files in the same way they are applied
to a single spectrum.

The parallel two-channel data acquisition design of
the VERTEX series makes demanding applications like
advanced modulation and time resolved spectroscopy in
the Rapid- and Step-Scan mode easier and more powerful than ever before and provides outstanding signal-tonoise ratios.

Step Scan

Step-Scan
As an example, the kinetics of the switch-on behavior of
an IR-laser LED was measured at 10ns temporal and
2cm -1 spectral resolution, using the VERTEX 70
equipped with a liquid N2 cooled very fast DC-coupled
photovoltaic (pv) MCT detector in the step-scan data
acquisition mode. The figure on the right shows the 3D
representation of the result.

Rapid-Scan
The benchmark for the highest Rapid-Scan speed has
been set! More than 110 spectra/sec can be acquired
with the VERTEX 80 Series instruments using a liquid
N2 cooled MCT detector, an optical scanner velocity of
20cm/sec and 16cm -1 spectral resolution. The spectra
on the right monitor an enzyme catalysis reaction with
68msec temporal resolution and 4cm -1 spectral resolution. Further post-measurement software can reduce
the temporal resolution down to 17msec (see application note AN74).

Rapid Scan

Applications
Excellence in all FT-IR Studies
The VERTEX series is the best range
of FT-IR spectrometers available for
demanding applications and measurements that require exceptional signalto-noise ratios, such as the study of
chiral molecues using vibrational circular dichroism (VCD), the measurement
of monolayers or sub-monolayers using
infrared reflection absorption spectroscopy (IRRAS), and the measurement of impurities in semiconductors.
Cryostat systems and adaptations to
ultra high vacuum chambers are also
available for these types of studies.

Semiconductor Impurity Determination

Shallow impurities in Silicon

Shallow impurity concentrations in silicon such as boron
(B) and phosphorous (P) can be determined below 10K
in the transmittance mode. Outstanding sensitivity in
the range of low ppta (parts per tera atoms) is typically
achieved, which corresponds to a concentration of ~1011
atoms/cm3. The spectra on the right show the boron
and phosphorus absorption band series in the far IR
with (red curve) and without (blue curve) illumination of
a 3.5mm thick single crystal silicon sample. The spectra
were measured using a liquid He cooled bolometer
detector at 0.5cm -1 spectral resolution.

Thin Layer Analysis
The example on the right shows the grazing angle
reflectance spectrum of a C18 thiol self assembled
monolayer (SAM) on gold, measured under vacuum in
the VERTEX 80v. The background used for the measurement was a deuterated version of the same monolayer, and the inverted C-D stretching bands are clearly
visible in the spectrum. The baseline curvature is due to
differences in the quality of the gold substrate between
the two samples.

C18-Thiol SAM

Technical Specifications
VERTEX Series
Performance Spectral
Range

Spectral
Resolution

Optics Bench Optics

Housing

VERTEX 70v

VERTEX 80

VERTEX 80v

Mid-IR, NIR, Far-IR/THz, Mid-IR, NIR, Far-IR/THz, Mid-IR, NIR, Far-IR/THz, Mid-IR, NIR, Far-IR/THz,
Visible/UV 10cm -1 to
Visible/UV 10cm -1 to
Visible/UV 5 cm -1 to
Visible/UV 15cm -1 to
28,000cm -1 (360nm)
28,000cm -1 (360nm)
50,000cm -1 (200nm)
50,000 cm -1(200nm)
Better than 0.4cm -1
(Apodized), optional
0.16cm -1

Better than 0.4cm -1
(Apodized), optional
0.16cm -1

Better than 0.2cm -1
(Apodized), optional
better than 0.06cm -1

Better than 0.2cm -1
(Apodized), optional
better than 0.06cm -1

Standard sealed and
desiccated or purgeable

Standard vacuum or
purgeable, includes
dry vacuum pump

Standard sealed and
purgeable

Standard vacuum or
purgeable, includes
dry vacuum pump

Input Ports

Up to 2

Up to 2

Up to 2

Output Ports

Up to 5

Up to 5

Up to 5

Up to 5

Sample
Compartment

Purgeable

Vacuum or Purgeable

Purgeable

Vacuum or Purgeable

Accessory
Recognition

Standard

Standard

Standard

Standard

Component
Recognition

Standard

Standard

Standard

Standard

Up to two 24 bit dualchannel ADC DigiTect

Up to two 24 bit dualchannel ADC DigiTect

Up to two 24 bit dualchannel ADC DigiTect

Up to two 24 bit dualchannel ADC DigiTect

Four, multiplexed up
to 16

Four, multiplexed up
to 16

Four, multiplexed up
to 16

Four, multiplexed up
to 16

Electronics & Detectors
Components internal
Detectors
external
Interferometer
Sources

Dual Channel
Electronics

Other

VERTEX 70

Up to 2

RockSolid TM

RockSolid TM

UltraScanTM

UltraScanTM

Internal Air Cooled
MIR, optional Tungsten NIR and External
Water Cooled MIR,
Tungsten and Hg-Arc

Internal MIR, optional
Tungsten NIR and
External Water Cooled
MIR, Tungsten and
Hg-Arc

Internal Air Cooled
MIR, optional Tungsten NIR and External
Water Cooled MIR,
Tungsten, Hg-Arc and
Air Cooled Deuterium

Internal MIR, optional
Tungsten NIR and
External Water Cooled
MIR, Tungsten, HgArc and Air Cooled
Deuterium

Standard

Standard

Standard

Standard

Interface

Ethernet

Ethernet

Ethernet

Ethernet

Bolometer

1 optional

2 optional

1 optional

2 optional

Internal
Validation Unit
and Aperture
Wheel
Software

Standard

Standard

Standard

Standard

OPUS Software, Fully Validated,
IQ/OQ/PQ, 21 CFR Part 11 Compliant

Bruker Optics
is ISO 9001 certified.

Technologies used are protected by one or more
of the following patents:
US 5309217; DE 4212143; US 7034944;
US 5923422; DE 19704598
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TANGO. Analysis to go.
The next generation FT-NIR spectrometer.

Innovation with Integrity

F T-NIR

Tango CREATES VALUES.
Straight forward analyses without delays.

Faster, simpler, more secure - with TANGO your NIR
analysis speeds up. TANGO has exactly what users
require of an FT-NIR spectrometer suitable for industrial use: robustness, high precision and straightforward operator guidance.
Everything, with ease.
Fast measurements for high sample throughput,
simultaneous evaluation of different components
and an intuitive handling, without need for expertise
training: TANGO simplifies the NIR analysis and
therefore offers maximum security of the results.
Specifically targeted for the given application and the
demands required of an efficient analyzer. For liquids
or for solids, with integrated PC and monitor or as
separate analysis station, e.g. for connecting a laptop.
Integrated into a network or as a stand alone solution.
Once is enough.
Calibration transfer for more efficiency.
For precise analysis, an accurate calibration is crucial.
With TANGO, you only need to do it once! All calibrations can be transferred to another spectrometer, also
across different system platforms. Easy via LAN or
USB stick.

FT-NIR SpeCtrometer

Tango is intuitive Handling.
NIR analysis becomes simpler.
And faster. And more secure.
Forget tedious training courses or specialized knowledge. TANGO makes it simple
for you: with its intuitive user interface it
guides the operators quickly and securely
through the work flow. Also untrained
staff can operate the spectrometer
securely and error free. Good to know:
the user interface is available in ten
languages.

1

The sample is simply filled into the
measurement cup and placed onto the
spectrometer.

2

The product is selected by either pressing
on the respective product icon or by using
a barcode reader.

Logical:
Sample handling the easy way.
When it comes to sample handling,
TANGO saves time and prevents operating errors. No sample preparation is
necessary, no chemicals, no additional
reagents. The sample is simply filled

into the measuring cup or vial with the
measurement being done through glass.
Automatic:
Background measurements
Contributing to the high precision of
FT-NIR spectrometers is the exact alignment with the background. But TANGO
goes one step further: if required, the

3

A simple touch on the screen starts
the measurement.

background measurements are performed automatically without user intervention. This alignment can even take
place if a sample is located in the sampling position. The perfect prerequisite
for optimal and secure measurements
at any time – without (human) errors.

Advanced Ease of Use

Ergonomic:
User comfort in all ways.

Practical:
Efficiency in every detail.

Nowadays, with laboratory space being
at a premium, it is difficult to locate a
new analyzer in the lab. This isn’t an
issue with TANGO due to it’s small footprint and ability to be positioned in any
orientation - it can be operated from all
three sides. The monitor swivels in

TANGO demonstrates how easy NIR
analysis can be, not just during measurements. The housing and touch-screen
monitor are rugged and easy to clean
- ideal for lab and at-line environments.
The exchange of the light source, if
required, can be done in a few seconds.

4

The progress is displayed by the green status
bar. After approximately 15 to 30 seconds the
measurement is finished.

all directions and can even be tilted in
various positions to enable an optimum
view. Alternatively, it can be placed flat
on top of the spectrometer for a perfect
viewing from above.

5

The result view, e.g. as target/actual value
shows the quality of the analyzed product
immediately.

Also the desiccant cartridge, which
keeps the inside low on humidity can be
changed easily.

6

One last push of a button: If required,
the stored result can be exported via
USB at any time.

TANGO IS THE SpECIALIST AT yOUR SIdE.
Innovative technology
makes precision a productive factor.
Select the TANGO you need. The
reflection analyzer for solids or the
transmission analyzer for liquids. With
or without integrated PC and monitor.
TRANSmISSION mEASUREmENTS:
HIGHEST pRECISION fOR LIqUIdS.
TANGO for measuring liquids comes
equipped with an active sample heater/
cooler as standard. The temperature of
the sample can be selected between
+20°C and +80°C. A sensor is permanently checking the temperature of
the sample vial. This allows for a fast
temperature control of the sample and
therefore quick and reliable results.

REfLECTION mEASUREmENTS:
ANALyZE SOLIdS EffICIENTLy.
TANGO for measuring solids contains
a gold coated integrating sphere for
analysis by diffuse reflection. This
sphere ensures highly reproducible
measurements of inhomogeneous samples. The diameter of the measurement
spot is around 10 mm; the measured
sample surface can be enlarged by
using sample rotators.
fOR THOSE wHO wANT AddITIONAL RELIABILITy.
TANGO delivers reliable results wherever highest demands are made on raw
materials as well as intermediate and
finished products and a rapid measurement at low cost must be ensured.
The most important applications are:
• Testing of incoming raw materials
• Process-accompanying analytics
• Final product inspection
• Release analytics

Food and beverage
industry

Feed manufacturing

Pharma and

Chemical and

Biotechnology

petrochemical industry

Polymer Industry

Outstanding functionality

For those who prefer
custom-made applications.
TANGO offers an efficient and
cost-effective analysis for material
identification and quantification in a
wide variety of application fields. The
comprehensive application support of
the Bruker specialists helps to select
the optimal measuring method as well
as appropriate accessories and software
solutions.
Typical applications include:
• Food and beverage industry
• Feed manufacturing
• Pharma and biotechnology
• Chemical and petrochemical industry
• Polymer industry
For those who require
complete solutions.
For markets with standardised products
TANGO offers complete solutions with
pre-calibrated systems. For the food and
feed industry, ready-to-use application
packages are available. Please contact
your local NIR expert for further information.

TANGO is different.
High-precision measurements
independent of operator and environment.

1

2

4

6
5

3

1

The easy-to-use software interface

3

is operated via a touch screen panel.

2

Sample area for solid and liquid

4

Light source and desiccant cartridge

5

The patented Rocksolid interferom-

can be easily exchanged by the

eter with Cube Corner technology is

operator.

the heart of the TANGO.

The Internal Validation Unit guaran-

samples. The background is recorded

tees that the TANGO is performing at

automatically if necessary.

its optimum.

6

Highly reflective gold coated optics
ensure optimized light throughput.

Technical Features

Sturdy housing, precise core. TANGO
connects industrial design with modern
technology and intuitive handling. The
result is measurements with extraordinary precision and reliable stability.
Precision squared:
Cube Corner Technology
Unlike the classical flat mirror technology, Cube Corner mirrors offer a crucial
advantage: unbelievable precision of the
optical path. Further, the most frequent
sources of error such as vibrations do
not affect this technology.

TANGO at a glance:

• Proven FT-NIR technology by
Bruker Optics

Leading edge technology

• Easy-to-use touch screen operation

When it comes to precision, there is no
alternative to Fourier Transform technology. Another advantage is that FT-NIR
is independent of ambient light. The
sample can be put directly onto the
TANGO for measurement without opening any doors or drawers.

• Automated background management

Operation on-site: precise
technology and robust design

• Direct calibration transfer to and

• Robust and precise optics
• Small footprint
• User-friendly maintenance

from all Bruker Optics FT-NIR
spectrometers

Industrial conditions demand a great
deal from highly precise measuring instruments. No problem for the
TANGO. Due to its special construction
it can handle tough conditions and is
perfectly suited for rough environments.
Besides its encapsulated housing to
protect the optics, TANGO is insensitive
to vibrations and temperature changes.
Behind the design there is a logical
philosophy: It is better to exclude errors
from the beginning rather than correcting them afterwards.

• Data exchange via network
• Complies with 21 CFR Part 11
requirements

All-in-one or stand-alone –
TANGO suits your IT structure
perfectly.

Tango is Innovation.
Made by Bruker.

Bruker Optics is the leading manufacturer
and worldwide supplier of Fourier Transform Infrared, Near Infrared and Raman
spectrometers for various industries
and applications. For years, we set new
standards on the market when it comes
to precision and efficiency, ergonomics
and ease of operation, consulting and
services.

To us, it is obvious that these highest
demands are also valid for our production process. High-quality materials,
careful workmanship and, if necessary, especially developed production
processes and test routines ensure the
quality that is common to all Bruker
Optics spectrometers. No matter which
new products we design, we place
the very highest demands on them all.
This is why not only the TANGO, but
all NIR spectrometers fulfil the strict
requirements for the certification in the
pharmaceutical industry.

Worldwide on-site:
We are there where you need us
Bruker‘s competence is there where our
customers need it - from the very first
contact. Our application specialists are
scientists and engineers which know
NIR spectroscopy and spectrometers as
well as the customers applications.

Highest standards in production
assure precision and reliability.

Highest quality from a
renowned company:
Always more than you expect
We are never satisfied with the common
market standards. This is where our
own research and development departments play a major role: here new ideas
are turned into innovative products - in
more precision, advanced user comfort
and unrivalled reliability.
Plenty of time for personal consultation and customer service guarantee a sustainable and efficient
solution.

Know-how meets Service

With service centers all over Europe,
North and South America, Asia and
Oceania an efficient global technical
support is guaranteed. This includes
a professional installation as well as
qualified and fast after sales service
and, if desired remote diagnostics.

More than state-of-the-art
technology:
our Know-how for you
Regular training courses and customized
local training are vital elements of our
know-how transfer. Please contact your
local office or look at our web site:
www.brukeroptics.com/training.html

A network of international offices and representatives guarantees a competent customer support
world wide.

Covered by one or more of the following patents: US 5,309,217; DE 4212143; DE104025448;
DE19940981. Additional patents pending.

Bruker Optics
is ISO 9001 certified.
Laser class 1

www.brukeroptics.com
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Bruker Optik GmbH

Bruker Hong Kong Ltd.

Billerica, MA · USA
Phone +1 (978) 439-9899
Fax +1 (978) 663-9177
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Ettlingen · Germany
Phone +49 (7243) 504-2000
Fax +49 (7243) 504-2050
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MPA
Multi Purpose Analyzer

Innovation with Integrity

F T-NIR

Discover the Flexibility
			of FT-NIR Spectroscopy

The MPA is the result of almost 30 years of experience in the engineering
and production of FT-IR and FT-NIR spectrometers. Designed to provide
maximum flexibility and high performance, the MPA sets new standards in
FT-NIR analysis. It is a powerful tool for developing sophisticated methods
for your laboratory or process needs, yet an easy to use QA/QC instrument
for routine work.

MPA Multi Purpose Analyzer
Unrivalled Flexibility
Choosing the best possible sampling method is crucial
when solving a specific analysis task. With the MPA,
you have a complete solution at hand for your daily QA/
QC work, but also for sophisticated method development
studies. Initially it is often not obvious which sampling
method is the best. With the MPA, simply try out several
methods choose the best option for you.
Liquid samples can be measured in the sample
compartment using disposable vials or cuvettes, but
also directly in their container using the fiberoptic
probe.
Compare the composition of pharmaceutical
substances in bulk form with the fiber optic probes or
fill them in vials and use the integrating sphere.
Analyze the manufactured tablets using the external
transmission unit and sample wheel.
Test your food products, solid or paste-like, with the
integrating sphere or external transmission unit.
The possibilities are endless, and due to the modular
design of the MPA, the instrument can easily be adapted
to your needs.
The robustness of the instrument allows it to be used in
the laboratory and factory floor. The MPA can be
connected to your laptop via Plug & Play Ethernet
connection and can even be placed on a utility cart for
mobile applications.

State-of-the-Art Technology
The MPA incorporates state-of-the-art optics for outstanding performance and stability. The heart of the
instrument is Bruker Optics’ permanently aligned
RockSolid™ interferometer, which is equipped with
gold-coated cube-corner mirrors. The permanent
alignment provides consistent high quality results, less
downtime and highest stability, a precondition for
successful calibration transfer and low detection limits.

The MPA utilizes retro-reflecting cube-corner
mirrors for optimum performance.

Standard ethernet connection allows communication
protocol and network access for the MPA.

Hassle-Free Maintenance
MPA spectrometers are designed to be easily maintained by the user, thereby decreasing downtime and
maintenance costs. Consumable items such as the laser
and the light source are designed for a long life, but
if they need to be replaced, the system automatically
informs the user of the failure and offers online help for
the replacement procedure. The consumables are
prealigned and can be easily and quickly changed.
Moreover, the Ethernet access to the MPA allows remote
control and diagnostics of the spectrometer via your
intranet or the World Wide Web.

PerformanceGuard™
All optical components installed in the MPA are permanently monitored by the online diagnostic system,
PerformanceGuard™, which makes sure that your spectrometer operates correctly. Whenever a component is
out of specification, the user is notified immediately.

MPA Multi Purpose Analyzer
Easy Operation
Customizable workspaces, easy measurement modes
and wizards to guide you through the setup of analytical
methods are standard in the OPUS spectroscopy
software.
The smart display informs the user about the instrument
status and indicates whether the measurement passed
or failed. These factors make the operation of the instrument
and the software so easy that even untrained personnel
can operate the MPA spectrometer from day one.

The display indicates the instrument status and
whether your measurement result passed or
failed.

User-friendly Software
OPUS is an easy-to-use, but powerful, all-in-one
spectroscopy software. It includes the most comprehensive collection of data acquisition, processing, and
evaluation functions and can be completely configured
to meet your needs. With extended user settings
and user management features, user access rights in
OPUS is completely customizable.
OPUS/LAB is an intuitive and easy-to-use software
interface for conducting routine analysis tasks. It can be
used by untrained personnel from the production line as
well as by your experienced laboratory staff.

The user-friendly OPUS/LAB software is ideal
for the daily routine analysis, even by untrained
personnel.

OPUS/IDENT offers reliable product identification with
hierarchical libraries. Setup, validation and use of identification libraries, including statistical evaluation can be
performed in few easy steps.
The OPUS/QUANT software finds the best possible
calibration automatically, making your method development less time consuming. It is based on the multivariate
algorithm PLS (Partial Least Squares).
All methods created are fully reproducible and transferable to other comparably equipped Bruker Optics
spectrometers - even for online applications - due to the
superior mechanical precision and outstanding stability
of our instruments.

OPUS/IDENT is a powerful software package
for the identification of substances, using
hierarchical libraries.

OPUS/QUANT an easy-to-use software for the
quantitative analysis of complex mixtures with
automated method development.

MPA Multi Purpose Analyzer
Sample Compartment, with
optional sample heater,
allows easy measurements
of liquids in cuvettes or
disposable vials without
having to open drawers.

Integrating Sphere for
measuring solids and
pastes in diffuse reflection.
An optional sample rotator
assures a high reproducibility for heterogeneous
samples.

Fiber Optic Probes for
measuring samples directly
in containers, e.g. in the
warehouse. Up to two
different probes can be
connected.

The MPA brings flexibility to FT-NIR
spectroscopy; optional extension
modules are available for various
sample types and applications.

Transmission Unit with
optional sample wheel, e.g.
for the automated analysis
of vials or solid samples
such as tablets in transmission and reflection.
This unit is also used for the
analysis of food products.

A wide range of vials and
cuvettes are available for
measurements of liquid
samples in transmission.
Larger vials are also available
for analyzing solids in
reflection on the integrating
sphere.

Various types of high
quality quarz flow cells are
available for the automated
measurement of liquid
samples like milk.

When measuring heterogeneous samples, the
use of sample rotators
significantly increases the
accuracy of the results.
Bruker Optics offers a
wide range of accessories,
including adapters for glass
beakers, and petri dishes.

For the measurement of
small samples like single
seeds in reflection, a set
of accessories is available
which is manufactured
exactly to the size and
shape of your sample.

Handheld fiber optic
probes are ideal for analyzing solid materials in the
laboratory or the incoming
raw materials control area.
Reflection probes are available in different lengths
and can be used for various
sizes of containers.

For measurements of
liquid samples, the fiber
optic transmission probes
are ideal. Depending on
the type of sample to be
analyzed, the probes can
be manufactured in various
path lengths.

When measuring tablets,
a well fitting tablet holder
increases the accuracy
and reproducibility of the
measurements.
Bruker Optics manufactures
customized tablet holders
for all shapes and sizes
according to your needs.

The use of automated
sample wheels dramatically
increases the throughput
and effectiveness by
measuring up to 90 samples
unattended. Customized
samples wheels are available.

Validation
The MPA FT-NIR spectrometer is equipped with an
automated filter wheel which houses standard materials
and filters for testing instrument performance. Included in
the OPUS software is OVP (Optics Validation Program),
an instrument test program which executes a series
of performance tests using the standards in the filter
wheel. This program evaluates the instrument performance and determines if the spectrometer is operating
within specifications.
In addition, Bruker ‘s Validation Program provides the
user with a complete package of qualification routines
that meet the demands of validation such as USP,
Ph.Eur, FDA and ASTM standards. OPUS allows a
customized setup to satisfy your individual validation
requirements and the status is always indicated to the
user.

Full GMP and 21 CFR Part 11 compliance
OPUS spectroscopy software comes equipped with the
necessary routines to assist laboratories that must conform to GMP standards. Extensive user management
with multiple security levels, non-editable data files and
complete audit trails are some of the many features of
this comprehensive spectroscopy software. OPUS fully
supports the demands of the 21 CFR Part 11 regulation
(Electronic Records, Electronic Signatures) issued by the
FDA.

Certification
Bruker Optics’ products and services meet all quality
standards, such as the ISO 9001, successfully audited
by several pharmaceutical corporations and regarded
as a fully approved hardware and software supplier.
Each customer receives a full set of certificates with
the instrument.

The Internal Validation Unit (IVU) ensures the
correct measurement performance of the MPA
at any time.

Applications
Chemical Industry
For many years NIR technology has been used in a wide
variety of chemical industries. The high information content
in NIR spectra, measured in only a few seconds, allows
the simultaneous analysis of many different components
and system parameters with high precision.
Some of the many applications are:
Chemistry: hydroxyl value, acid number, saponification
value, iodine number, moisture content, homogeneity,...
Petrochemistry: octane- and cetane number,
distillation-, flash-and cloud point, aromatic content,
PIONA analysis, ...
Polymer chemistry: density, viscosity, cross-link density,
end group analysis, stabilizer or monomer content, ...

Food and Feed Industry
FT-NIR spectroscopy has largely replaced a number of
wet chemical analysis methods. It is a fast and precise
tool for the non-destructive analysis of liquids, solids
and paste-like materials, saving costs by reducing time
and reagent use.
With the MPA integrating sphere, even heterogeneous
materials can be analyzed without sample preparation
in diffuse reflection. The use of easy-to-clean sample
cups, beakers, Petri dishes or even plastic bags enable
an efficient sample throughput at low cost.
The sample compartment is ideal for all sorts of liquid
samples like edible oils, alcohols, milk, cream or molasses.
An optional temperature control can be used in order to
achieve more stable results.
The major application areas in the food and feed industry
include dairy and meat, beverages, bakery ingredients
and condiments as well as grains, seeds, feed and forage.
Here, parameters like protein, fat, starch, moisture or
dry matter can be analyzed as well as more specific
parameters like alcohol or nitrogen content.
The MPA is a complete solution for your quality control
needs. The identification and qualification of your raw
materials and the quantitative analysis of finished products can be performed in a matter of seconds to ensure
the highest product quality and consumer safety.

Paper industry: cellulose content, fillers, glues and wet
strength resins, silicon content, grammage, degree of
wet expansion, ...
The content of highly complex mixtures can be determined
simultaneously. It does not matter if the samples are
solid or liquid and sample preparation is not necessary.
The MPA allows the non-destructive analysis of large
quantities at the push of a button. Hence, it is an ideal
tool to meet the requirements of the modern quality
control laboratories.

Pharmaceutical and Cosmetic
Industry
FT-NIR technology is a fast and precise tool to
effectively and cost efficiently solve a huge variety of
application tasks in the pharmaceutical and cosmetics
industry. In the receiving dock, raw material identities
can be checked with hand held probes. Mis-labeled
raw material deliveries can be detected and their quality
checked to prevent product failures.
Tablets can be tested for content uniformity, residual
moisture, potency, levels of excipient and hardness.
This can be performed on individual tablets and through
a blister pack. Due to its exceptional throughput and
high measurement precision, even tablets with a low active ingredient content can be analyzed with the MPA.
The analysis of creams, ointments and pastes is carried
out using the integrating sphere. The large measurement spot enables an examination of heterogeneous
material. Easy-to-clean sample cups or alternatively
disposable Petri dishes can be used.
A multitude of measurement tasks in process control,
like monitoring of reactions, can be solved with FT-NIR
spectroscopy. Due to the high precision of the MPA,
methods which were created in the laboratory can easily
be transferred to the respective process spectrometer.

Calibration Transfer
As an exhaustive method development may be both
time and resource intensive, the main prerequisite of
the instrument is the transferability of the calibration
methods to other instruments. This can only be guaranteed if the highest precision, stability and sensitivity are
combined, as they are in the MPA.
Changing optical components or even the complete instrument does not effect the validity of the calibration. A
calibration transfer to other Bruker FT-NIR spectrometers
is always possible without any additional manipulation
of the data.
Methods created with the MPA can therefore not only
be employed on other laboratory spectrometers but also
on all Bruker Optics process instruments. The step from
the laboratory to the production line has never been
easier.

Service and Support
Bruker Optics is staffed by expert scientists and engineers
that have an in-depth knowledge of instrumentation
and applications. Our product specialists are available to
assist you with method development either remotely or
in your lab. FT-NIR application scientists will assist you
in the selection and use of sampling accessories, choice
of optical components and software operation. We offer
customized instruction and support packages to fit your
needs.
Bruker Optics spectrometers are designed to provide
years of dependable trouble-free operation, but should
a problem occur a network of Bruker companies and
representatives throughout the world are ready to
promptly respond to your needs. Professional installations, comprehensive applications support as well as
high standard of post-delivery service are commitments
Bruker Optics makes to each of its customers.

Technologies used are protected by one or more of the following patents:
US 7034944; US 5923422; DE 19704598
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LUMOS
FT-IR Microscopy made easy

Innovation with Integrity

F T-IR

LUMOS: A Clear Vision
LUMOS is a stand-alone FT-IR microscope with
full automation. It is designed to combine best
performance for visible inspection and infrared
spectral analysis with highest user comfort.
Due to the motorization and networking of all
moveable components inside the LUMOS, the
system provides a high degree of automation.
The intuitive software of the LUMOS guides the
operator step by step through the process of data
acquisition. At each step the user interface only
provides these functions appropriate to proceed.
Due to its motorized ATR crystal all IR measurements, even those in ATR mode, are performed
automated with the LUMOS.
Although the LUMOS is designed to be operated
by non-experts for routine applications, its exceptional sensitivity makes it also very suitable for
high demanding applications.

Stand-alone FT-IR microscope with full automation
Very comfortable and easy to use
Motorized ATR crystal (ATR = Attenuated total reflection)
Large working distance; allowing ample space for sampling
High quality in both, IR and VIS range

Fully automated FT-IR microscope

LUMOS: Highly Intelligent
Fully automated FT-IR microscopy for ease of use
The LUMOS is a stand-alone microscope with an FT-IR spectrometer
perfectly integrated into its optical design. The major goal for the development of the LUMOS was to accomplish a very easy and comfortable
to use but highly performing instrument. The outcome is a system
where all components are motorized and electronically coded, ensuring
highest user comfort. Due to the automation the LUMOS reaches a
high degree of intelligence leading to an extremely intuitive work flow.
A major innovation is certainly the motorization of the ATR crystal in
the objective. Due to this unique feature the system switches from
transmission or reflection into the ATR mode without interaction of
the operator, and is capable of measuring fully automated sample and
background spectra even in ATR mode.

For your convenience the LUMOS includes:
Motorized ATR crystal
Motorized transparent knife-edge aperture
Motorized condenser
Motorized Vis polarizer+analyzer (option)
Motorized stage (option)
Motorized z-drive
Motorized change from IR and Vis mode
Motorized change of numerical aperture in IR and Vis mode
Electronic recognition of stage plates
Utilizing this high degree of motorization and electronic recognition the
LUMOS software guides the user very efficiently through the process
of data acquisition avoiding faulty operations or wrong procedures. All
functions of the LUMOS are software controlled and the user interface
presents the operator always only those functions which may be useful
for the next step.

The LUMOS includes an 8x objective which is used for measurements in transmission, reflection and ATR. In transmission
and reflection the ATR crystal is inserted into the objective.
For data acquisition in ATR the crystal is positioned into the IR
focus by an encoded piezo drive. An integrated pressure control
ensures the constancy of the pressure applied from the crystal
to the sample which is essential for mapping and imaging
experiments. Three different pressure steps can be softwareselected in order to achieve highest performance for all types

of samples ranging from very soft to very hard. For background
measurements the ATR crystal is driven into the focus position without sample contact. Due to this motorized crystal ATR
measurements of sample and background are performed fully
automated with the LUMOS. Since the ATR crystal is made
from Germanium with a high refractive index (nGe=4) even dark
samples can be analyzed. If the crystal is damaged by structures
on a sample which are smaller and harder than the crystal tip, it
is easily exchangeable by the operator.

The LUMOS provides plenty
of space for the sample and
a large working distance. In
combination with the good
accessibility of the sample
stage these features are very
helpful for the user during
sample positioning.

Sample positioning
The extraordinary large space between objective and stage as well as
the excellent access to the sample stage make the operation of the
LUMOS highly comfortable.
The working distance of the objective is 30 mm. Samples with a thickness
of up to 40 mm can be placed on the sample stage for investigation
without any changes in the hardware. Due to the flatness of the motorized
stage and the large space between stage and objective the sample
positioning is very convenient. The area on the motorized stage which
can be addressed for microscopic investigations is clearly marked.

Sample stage
For the LUMOS both manual and motorized sample stages are available.
The motorized xy-stage is required if the sample needs to be analyzed
automatically at different positions or if infrared images shall be acquired.
Due to its large adjustment range (75 x 50 mm) and its high adjustment
accuracy (0.1 µm) this stage is very suitable for analyzing even larger
areas at high lateral resolution. This stage can be controlled by joystick
or software according to the personal preferences of the operator.
The central plate of the motorized stage includes reference positions
for automated background measurements in transmission and reflection
(not required for ATR). It also provides a structure which is used for the
automated self-calibration of the optics inside the LUMOS.
For the fixation of a sample in a certain position special mounting
holders are available. The motorized stage of the LUMOS is further
compatible to chambers which allow controlling the temperature and
the pressure at the sample during the microscopic investigation.

High Comfort And Ease Of Use
The LUMOS is a very compact
stand-alone FT-IR microscope.
Its dimension (width x height x
depth) is just 30 x 64 x 52 cm,
requiring less space than conventional FT-IR microscopes.

Visual inspection
The LUMOS includes an 8x objective which is used in transmission,
reflection and ATR mode. It realizes a very large field of view
(FOV: 1.5 x 1.2 mm) at a high numerical aperture. The optics of the
LUMOS is specifically matched to this objective resulting in a high
imaging quality without aberrations. To achieve a high depth of field for
the visual inspection of a sample, but also highest sensitivity for the
IR analysis, the applied numerical aperture is automatically changed
between IR and Vis mode. The LUMOS is further equipped with two
independent, adjustable LED sources for a bright and homogeneous
illumination in transmission and reflection. “Köhler apertures” are
implemented to maximize the contrast of the visible images. In order
to recognize also very small structures in the sample a digital zoom
allows increasing the magnification from 8x to 32x. All images are
captured by a fast and highly resolving digital CCD camera. Motorized
rotatable polarizer and analyzer are available as an option to distinguish
samples exhibiting birefringence.

Stand-alone FT-IR microscope
Software

The intuitive software of the LUMOS guides the user through the microscopic IR-measurement procedure. A function bar on the left hand side
presents only those options useful for the next step. The central window shows the live camera image of the sample. Captured VIS images of the
sample are selectable in the overview window on the right. Measurement positions with individual lateral resolution can be set regularly (lines, grids)
or irregularly (see red frames in live and overview image). Annotations can be made on demand at any position of interest.

Workflow and software
The LUMOS is controlled by the OPUS software; an
easy-to-use and powerful spectroscopy software which
assists the full process from data acquisition via data
processing and data evaluation to data reporting.
OPUS-Video guides the user step-by-step through the
process of data acquisition. With this user interface the
operator performs the visible inspection of the sample,
defines the measuring positions, lateral resolution and
acquisition time, determines the mode of measurement
and starts finally the automated measurement. OPUSVideo presents at each step only those functions which
are appropriate to use next, guaranteeing a comfortable
workflow and high efficiency. All components of the
LUMOS are motorized and software-controlled. The full
data acquisition including the background and sample
measurement is performed automatically in transmission
as well as in reflection and ATR mode.
A measurement results in a single file including visible
images, spectral data and information about the sample
and the experiment. Also evaluation and visualization
of the resulting data is performed in OPUS. Even large
mapping and imaging data can be processed very easily

in OPUS and many univariate- and multivariate methods
for data evaluation are available. A wide variety of 2D/3D
views with IR images in 2D or 3D on top or next to the
video images of any sample is provided. Spectral data
can be analyzed by integration of certain bands, 3D
cluster analysis or principal component analysis (PCA)
to determine the chemical composition or to investigate
the chemical homogeneity in a sample. For identification
of certain components a library search with individual
spectra from IR-mapping/imaging data or the multi linear
regression of full IR-images with reference spectra can be
performed.
Extended spectral data bases for many different classes
of substances are available in OPUS, so that the operator
can identify substances, where no reference spectrum
is available in the lab.
All different types of views in OPUS can easily be
exported in high quality to many different formats.

Powerful Core Technology
High performing interferometer
The LUMOS is a stand-alone FT-IR microscope with an
integrated FT-IR spectrometer. The heart of each FT-IR
spectrometer is the interferometer. The LUMOS uses a
permanently aligned RockSolidTM interferometer. This incorporates dual retro-reflecting gold coated cube corner mirrors
in an inverted double pendulum arrangement for maximum
efficiency and sensitivity. A wear free flexible pivot bearing
is located at the center of mass.
As the incoming and the reflected light beam are always
exactly parallel in cube corner mirrors, the RockSolidTM
interferometer is permanently aligned and extremely
insensitive against mirror tilts, vibrations and thermal
effects.

Typical data

ATR-mapping of a paint chip (4cm -1 spectral resolution, 16 sec acquisition time/position). Apertures were set
according to the visual features of the individual layers. The upper right view shows the measured positions with
the respective aperture settings (red rectangles). Positions selected for spectrum display are color coded according
to the spectra shown in the lower spectra view. The intensity of the carbonyl band at the different measurement
positions is displayed as 3D column plot in the upper left view revealing a high content of this component in the red
layer. Quantification was here performed by band area integration as indicated by the marked area in the spectra
view. The plot was created by using the graphics export function in the OPUS software showing the 3D data as
displayed on the screen.

not limited to micro analysis

Cube Corner mirrors are immune to mirror tilt.
By design both, the incoming and reflected
light beam are exactly parallel. This is the
fundamental principle of Bruker Optics’ permanently aligned RockSolid TM interferometer.

Macro sampling
Although the LUMOS is a stand-alone FT-IR microscope
it is still not limited to the spectroscopic analysis of micro
samples. For the investigation of larger samples a MACRO
UNIT is available to be connected to the left side of the
LUMOS. The MACRO UNIT allows the use of all QuickSnapTM
sampling modules of the compact FT-IR spectrometer
ALPHA. Various QuickSnapTM modules for transmission,
diffuse and specular reflection as well as attenuated total
reflection (ATR) provide sampling flexibility for almost all
kinds of solid, liquid and gaseous samples. With a touch
of a button, the QuickSnapTM sampling module can be
demounted from the instrument and be exchanged by
another.

The LUMOS is not limited to FT-IR microscopic investigations
but can also be extended for larger samples with a MACRO
UNIT. It is coupled on the left side of the LUMOS to use the
QuickSnapTM sampling modules from the compact FT-IR
spectrometer ALPHA.

All QuickSnapTM modules are electronically recognized.
As soon as any QuickSnapTM module is inserted in the
MACRO UNIT a test routine is started to assure full
performance and a suitable parameter set is loaded. The
operator simply starts the sample measurement when the
sample is placed on the active module.

Various FT-IR sampling modules (transmission, ATR, external
and diffuse reflection) are available for the ALPHA and the
LUMOS.

Performance Guard
Validation
Today many laboratories must comply with extensive
regulatory requirements. Bruker Optics offers comprehensive
system validation that provides the documentation and
procedures needed for an effective compliance. The
LUMOS is prepared to fully support any validation
requirements; from the installation qualification (IQ) to
operational (OQ) and daily performance (PQ) qualification.
Bruker Optics´ system validation manual provides all
related documentation and guides through all the necessary
steps of the validation process. Validation, instrument
installation and annual certification are offered by Bruker
factory trained, certified service engineers.
The OPUS validation program (OVP) was developed to
assist pharmaceutical manufacturers and other regulated
companies comply with GMP/GLP/cGMP and provides
comprehensive OQ and PQ. All OQ and PQ routines for
the LUMOS microscope are fully automated, if it is
equipped with the motorized xy stage. A routine for

testing the accuracy of the motorized stage is also
included. OVP supports for the LUMOS further instrument
qualification according to European Pharmacopoeia
2.2.24 and Japanese Pharmacopoeia 2.25. Therefore, a
Bruker BRM 1921 MIR transmission standard, equivalent
and traceable to the NIST SRM 1921b, is applied, which
is included in the internal validation unit of the LUMOS.
Test reports for all routines are automatically generated
and archived. A status light in OPUS informs the user
permanently about the current instrument status.
Whenever a component of the LUMOS is out of
specification or a test for OQ or PQ has expired, the
user will be notified immediately.
OVP supports optionally all requirements of the 21 CFR
part 11 regulations dealing with data security, data
traceability and data integrity.
Extended maintenance and service agreements including
instrument validation are provided on demand.

IR imaging

Tissue (onion) measured in transmission with a lateral resolution of 15 µm. IR image
shows the lipid content of the cells as a 2D false color plot on top of the visual image.

a)

Low cost of ownership
Fourier Transform Infrared (FT-IR) spectroscopy is a technique
which is well established for the chemical identification of
any material, but is also very cost-effective. There are typically
no consumables required and no expensive components to
replace during the life time of the instrument. The LUMOS
utilizes a diode laser with a life time of more than 10 years
and an infrared light source with a life time of at least 5
years. Its “heart”, the permanently aligned RockSolidTM
interferometer, has been designed for a life time of over 10
years.

b)

c)
Infrared image of a postage stamp. The sample was measured
in reflection with a lateral resolution of 15 µm. The visual image
is shown in (a). The IR image is plotted in false color in 2D (b)
and 3D (c) on top of the visual image.

To facilitate the usage of the LUMOS also in countries with
high humidity all included optical window materials and the
beam splitter itself are made from ZnSe which is fully inert
against water vapor. The LUMOS does not need dry-air
purging as often required for conventional FT-IR microscopes.
The major part of the beam path is encapsulated and dried
by desiccating cartridges to minimize the interference of
water vapor and carbon dioxide absorption. These cartridges
can easily be recycled by the operator and are reusable for
the whole life time of the instrument.
To maximize the sensitivity and to realize short acquisition
times at high spatial resolution, the LUMOS is equipped
with a photoconductive MCT detector with liquid nitrogen
cooling. Only 300 ml of liquid nitrogen are required to cool
the detector for a full working day. If the access of the
operator to liquid nitrogen is be limited, the LUMOS can
optionally be equipped with a DTGS detector. This will
however lead to longer acquisition times and lower spatial
resolution.
The compact footprint (width x depth = 30 x 52 cm) of the
LUMOS with integrated FT-IR spectrometer requires little
space in the lab. The utilization of diode lasers, efficiently
engineered IR sources, LED lamps and modern electronics
result in a low energy consumption of the LUMOS.
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Application Note AN # 102
FT-IR microscopic identification of fibers
Introduction
The identification of fibers is of high importance in forensic
science as it can yield trace evidence in a criminal case.
A fiber found at the crime scene can provide information
about the criminal, e.g. about his clothing or specific
places he has visited. Furthermore the fiber might be compared to similar items retrieved from suspects and provide
the link to the crime.
In textile industry the identification of individual fibers in
the textile matrix is interesting as a part of the quality control process, e.g. to track an unwanted polymer fiber used
during the spinning process of a yarn.
Also for conservators of textile artifacts the ability to differentiate between fibers originating from different natural
materials (e.g. cotton, sisal, bast, silk and wool) is very
helpful to choose an appropriate treatment.
FT-IR microscopy is a very powerful technique to characterize the chemical composition of natural and synthetic
fibers, both organic and inorganic in nature. Due to its
capability to measure with a high lateral resolution usually
the availability of a single fiber is sufficient to perform an
analysis. As the FT-IR measurement is non-destructive
other analytical techniques might be applied afterwards.
Furthermore, FT-IR microscopy provides objective results

Figure 1: LUMOS stand-alone FT-IR microscope

and is in most cases quicker, easier, and sometimes, more
selective than classical methods. Due to these multiple
benefits the IR-microscopic method is described by ASTM
International as standard method for forensic analysis of
fibers (ASTM E2224-10) and for identification of fibers in
textiles (ASTM D276-12).

Due to a large working distance and an unobstructed
access to the planar sample stage the sample positioning
is extremely convenient. Additionally for maximum performance and convenience the LUMOS includes:
g

g

Using the ATR- (Attenuated Total Reflectance) technique
minimal sample preparation is required to perform an FTIR-microscopic measurement. Just a fixation of the fiber
on a flat substrate like a metal plate is required to avoid its
movement during visual inspection and definition of the
measurement positions. In this application note measurements of different natural and synthetic fibers using the
fully automated FT-IR microscope LUMOS are presented.

g

g

All required changes of hardware settings as well as the
complete IR-measurement procedures including background measurements are performed fully automated
– even in the ATR-mode which is the typical approach to
measure fibers. To provide perfect contact to samples
ranging from soft to very hard the ATR-device offers three
pressure steps and is equipped with a very precise internal
pressure sensor.

Fig.2: Visual inspection
of a fiber sample using
the LUMOS software.
The live camera view of
the sample is shown in
the middle (here without
polarizer) and stored
images in the overview on
the right (here an image
taken with crossed polarizers is shown).

Large field of view: 1.5 x 1.2 mm
Automated change of the numerical aperture between
IR and Vis mode to achieve a high depth of field for the
visual inspection of a sample, but also highest sensitivity for the IR analysis
Independent white light LED illumination in transmission
and reflection

g

Fast CMOS camera with 4x zoom

g

Motorized stage (option), position accuracy of 0.1 µm

Instrumentation
The presented fiber measurements were performed using
the stand-alone FT-IR microscope LUMOS (Fig.1). It
stands out due its full automation and ease-of-use combined with sample visualization and infrared spectroscopic
performance of excellent quality. Its 8x objective provides
the measurement modes ATR, transmission and reflection
and high quality visual inspection capabilities.

Motorized Germanium ATR crystal with internal
pressure control

g

Optional macro accessory that allows to use all Quick
Snap sampling modules from the compact FTIR
spectrometer ALPHA

Work-flow of the fiber analysis
Before measurement the fiber sample is fixed on a metal
plate with adhesive tape. For analysis the plate is placed
on the sample stage of the IR-microscope. Utilizing full
motorization of the LUMOS, the Opus software guides the
user very efficiently through the process of data acquisition. All required changes of the hardware settings are
performed software controlled. The user interface presents the operator always the appropriate functions for the
current step.

Fig.3: Definition of measurement positions and according knife edge aperture settings (indicated by red rectangle).

Figure 2 shows the user interface during the visual inspection of a fiber sample during which pictures of the sample
can be taken using the digital camera. The function bar
on the left side provides the functions useful for this step,
like the setting of polarizers for contrast enhancement. In
the middle window the live view of the camera shows the
sample and in the overview on the right side the saved
pictures are displayed.
The definition of the measurement positions on the fiber is
shown in Fig.3. Resizing and turning of the red rectangles
allows setting the automated knife-edge aperture according to the sample dimensions individually at each measurement position. To always provide the optimal background
spectrum for sample positions with differing aperture sizes
the LUMOS offers a mode where upon aperture change
a new background spectrum is recorded automatically.
In the ATR-mode automation of the background measurement is realized by an internal piezo drive moving the
crystal into the focus.
Example: Identification of synthetic fibers
Various synthetic fibers with a diameter in the range of
25 to 40µm were measured using the FT-IR microscope
LUMOS with the automatic knife-edge aperture set accordingly to the fiber dimensions. The measurements were
performed using the ATR-mode with an acquisition time of
20seconds/spectrum and at an spectral resolution of 4cm -1.
The picture in figure 4 shows the five fibers which have

a quite similar visual appearance prepared on a black
sampling plate. Though, despite their visual similarity the
IR-microscopic spectra on the right reveal that only for two
fibers the same type of polymer was used. By search in
dedicated spectral databases (e.g. Bruker Synthetic Fibers
Library) the fiber material easily can be determined (figure
5).

Poly phenylene
sulfide (PPS)
Polyamide
(PA, Nylon)

Poly lactic acid
(PLA, Polyester)

Polyamide
(PA, Nylon)

Polyetylene
terephthalate
(PET, Polyester)

Fig.4: Synthetic fibers prepared on sampling plate (left) and according spectra (right). Library search of the spectra allows easy identification of the fiber’s chemical composition. Even though the visual
appearance is very similar, only two fibers are made from the same
polymer.

Fig.5: The measured fiber spectrum (red) is unambiguously identified
as Nylon by search in the Bruker Synthetic Fibers spectra library: The
first seven hits in the list originate from pure Nylon fiber references.
The spectra of hit 1 (blue) and hit 4 (green) are shown for comparison.

Example: Analysis of natural fibers
The result of the measurement of two crossed fibers is
shown in figure 6 as displayed in the Chemical Imaging
window of the Opus software. The upper left “Overview”
allows selection of available microscopic pictures. Zooming and navigation on the selected picture is performed
using the red rectangle. The upper right “Selection view”
shows the zoomed area with measurement positions,
indications of used apertures and annotations. According
to the color of the measurement positions the sample
spectra are displayed in the “Spectra view” together with

Fig. 6: The blue spectrum originates from the lower fiber, the red one from the upper fiber. For comparison reference spectra are displayed
(black: wool, orange: cotton)

reference spectra, e.g. from spectra libraries. The IR-spectrum clearly shows that the lower fiber (blue spectrum) is
made from wool (black reference spectrum) whereas the
upper one (red spectrum) is made from cotton (orange
reference spectrum).
Example: Chemical Imaging of a human hair
IR-microscopy even allows detecting and visualizing
chemical variances on the surface of a single fiber. This
example shows the measurement of a human hair that has
been partially bleached. To expand the area on which the
mapping measurement can be performed and to prevent
sample deformation due to the contact with the ATR-crystal the hair was flattened using a diamond compression
cell prior to the measurement.
A line map was performed along the hair covering a
bleached and a non-bleached (outgrown) part. The
bleaching affects the fingerprinting range of the IR-spectra,

e.g. bands at 1180cm -1 and 1040cm -1 increase in intensity. Figure 7 shows the chemical image based on the
integration of the 1040cm -1 band superimposed with the
visual image of the hair. With the integration intensities
at each measurement position being color and size coded
the image clearly shows the chemical difference between
bleached and unbleached hair.
Summary
IR-microscopy is an established technique to determine
the chemical identity of synthetic and natural fibers. The
imaging capabilities of the IR-microscopic method even
allow visualizing chemical differences on single fibers with
high lateral resolution. With the fully automated standalone IR-microscope LUMOS the analysis of fibers can be
performed without specific IR-spectroscopic expertise.
The intuitive software guided workflow allows even untrained personal quickly performing the measurement and
spectra evaluation.

Fig.7: Line map measurement on a human hair covering bleached and non-bleached areas. The red rectangles indicate the applied lateral
resolution of the measurement. The superimposed chemical image visualizes the difference between bleached and unbleached hair based on
the IR-band at about 1040cm -1.
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