UPGRADE OPTIONS

Raman Spectroscopy

Understanding the Relationship Between Localized Mechanical Properties and Material Structure

Highlights
• Direct correlation of in situ chemical and
mechanical mapping of the area of interest
• Understanding the relationship between
mechanical and structural properties
• Capability of using topographical as
well as chemical mapping for precise
nanomechanical test placement
• Automated Raman analysis before and
after nanoindentation for investigation
of structural changes resulting from the
deformation process

Hysitron’s TI 950 TriboIndenter®
nanomechanical test instrument
equipped
with
Raman
spectroscopy is a powerful
technology
combination
for
comprehensive nanoscale materials
characterization. This combination
provides the capability for full
mechanical characterization of
the material at the nanoscale
and its direct correlation to the
localized chemical composition/
structure. Over the last two
decades, Raman spectroscopy
has become a standard technique
for research and development as
well as for process and quality
control in a wide variety of
applications. Raman spectroscopy
is a non-destructive technique
that investigates an interaction
of laser light with a material
through the analysis of inelastic
light scattering. Nanomechanical
testing techniques are well

established and commonly used
method for materials.
The coupling of in situ
Raman
spectroscopy
with
nanomechanical characterization
on the TI 950 TriboIndenter opens
new areas of research for a wide
variety of materials. For example,
Raman
mapping
performed
on
pharmaceutical
materials
before
mechanical
testing
allows for precise positioning
of the mechanical test based on
chemical structure. Raman maps
performed after nanomechanical
tests on semiconductor materials
will
provide
comprehensive
information about the internal
stress distribution within the
material, resulting from plastic
deformation during the test.
Finally, comparing the Raman
spectra performed before and
after the deformation process
can provide valuable information

• Chemical and mechanical characterization
at different length scales by definable laser
spot size combined with nano- to microscale mechanical testing
• Broad spectrum of laser wave lengths for a
wide range of applications
• Compatible with all Hysitron testing
techniques
• Available on all new and existing TI 900
and TI 950 TriboIndenter® systems

Applications
• Polymers & Composites: correlation of

mechanical properties with chemical structure,
chemical bonds or cross-linking and physical state of
polymer and polymer blends, crystallinity

• Bio-Related Materials: mapping of mineral

content and finding correlation with mechanical
properties, exoskeletons, bone, teeth, soft tissues, and
cell mechanics

• Pharmaceutics: mechanical and chemical
heterogeneity, polymorphism

• Semiconductor: localization of impurities and
related decrease of mechanical performance,
stress distribution

• MEMS: motion and strain levels
• Material Science: observation of change of

crystallographic orientation related to the indentation
process and other structural information

• Material Mechanics: stress field
characterization, internal stresses, and
deformation mechanisms

• Carbon Materials: graphene structures, carbon
nanotubes characterization, and distribution
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about structural changes within the material. Raman
maps can be acquired in fully automated routines
together with topography imaging, modulus maps, or
electric resistivity maps.
Raman spectroscopy is highly selective, allowing
researchers to identify and target specific molecules
and chemical structures. Hysitron preserves the
concept of modularity with Raman instruments;
therefore, almost any laser source and spectrometer

Figure 1. Spatial correlation between measured modulus (squares) and hydroxylapatite
(Ca5(PO4)(OH)) content within a tooth. The Raman intensity (a. u.) of the v1(PO4) peak
indicates mineral content within the dentin and enamel regions and is directly linked to
measured material stiffness.

can be used with Hysitron’s Raman solution providing
countless areas of research.
Hysitron nanomechanical test instruments with
integrated Raman spectroscopy are an exceptional tool
for quality engineers, designers, and researchers who
search for answers about how contaminants, external
and residual stresses, or different environments
influence the physical state and mechanical performance
of products or newly developed materials and coatings.

Figure 2. (A) Raman spectral “fingerprint” of three DLC films with varying degrees of sp2
(trigonal) & sp3 (tetrahedral) bonding, (B) Correlated mechanical “fingerprint” of DLC
hardness and modulus as a function of nanoindentation depth.
Sample courtesy of Dr. Yeau-Ren Jeng, NCCU Taiwan.

Figure 3. Optical micrograph (A), Scanning Probe Microscopy image (B), and Raman map (C) of a wear pit on a DLC film. The clear difference in Raman spectra between the
wear debris and deposited film suggests a stress induced chemical change from an ordered to disordered sp2 structure.
Sample courtesy of Dr. Yeau-Ren Jeng, NCCU Taiwan.

RamanOU r3.f

