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Nebulizer selection is a critical but often overlooked 
aspect of inductively coupled plasma–optical emission 
spectroscopy (ICP-OES) analyses. There are many 
different nebulizers available for ICP-OES, and 
choosing the optimal one can be confusing and difficult. 
To achieve peak performance from your ICP, it is 
essential to choose the proper nebulizer based on your 
sample types in addition to any necessary accessories 
to maintain long-term performance. In this study, we 
compare the performance of Glass Expansion’s most 
popular concentric nebulizer designs for ICP-OES 
applications as well as a parallel-path nebulizer from 
another vendor, providing a complete selection guide 
based on performance and design.

Nebulizer selection is challenging because there are 
many types available: concentric, parallel-path, and 

cross-flow, to name a few. By far, concentric nebulizers 
are the most common type on instruments today, as they 
generally provide the best performance. Even within the 
narrower category of concentric nebulizers, there is quite 
a range of designs. Glass Expansion offers the largest 
range by any manufacturer, each model having a variety 
of applications for which it is ideally suited (1). 

It is important to note that all concentric glass nebuliz-
ers are not the same. Glass Expansion’s designs feature 
a unique VitriConeTM sample capillary (Figure 1a), which 
is machined from a thick-walled capillary, resulting in a 
highly reproducible geometry and consistent internal di-
ameter (i.d.). Since the thickness is not compromised, the 
capillary resists harmonic vibration caused by the high-
velocity argon flow, giving the best short-term precision. 
Non-Glass Expansion designs typically use a hand-drawn 
sample capillary, resulting in an i.d. that varies over the 
length, preventing a laminar flow and creating points 
where particulates can lodge. The designs also are frag-
ile and susceptible to harmonic vibrations.

Glass Expansion nebulizers also feature a direct connection 
(DC) gas line, as seen in Figure 1b, which features a ratchet 
fitting on one end, and an instrument-specific gas fitting 
on the other. The ratchet fitting provides a reliable, leak-
free gas connection to the nebulizer, maintaining optimal 
backpressure for consistent performance.

The SeaSprayTM nebulizer is a glass concentric nebulizer 
that features a self-washing tip with smooth surfaces to avoid 
build-up of salt crystals. It provides outstanding nebulization 
efficiency and excellent tolerance up to 20% of dissolved sol-
ids without compromising detection limits.

The ConikalTM glass concentric nebulizer is a high-precision 
nebulizer for routine analysis of aqueous and organic samples.

The HF-resistant DuraMistTM concentric nebulizer (Figure 
1c) is manufactured from inert PEEK materials. It offers high 
sensitivity with excellent short-term precision and the high-
est tolerance to total dissolved solids (TDS) of any concentric 
nebulizer. It is a great “all-rounder” and the choice for analy-
sis of diverse sample types.

The SlurryTM glass concentric nebulizer is designed for 
analysis of slurries, suspensions, and wear metals. It provides 
the excellent sensitivity and short-term precision of a glass 
concentric nebulizer, and it is tolerant to particulates up to 
150 µm in diameter.

Parallel-path (or v-groove) nebulizers vary greatly in cost 
and performance. The large-bore capillary is designed to re-
sist blockages, but this results in larger droplets and a wider 
drop size distribution, affecting both efficiency and precision. 

High-Performance ICP-OES Sample Introduction: How 
to Choose and Use the Best Nebulizer for Your Analysis
Justin Masone, Ryan Brennan, Glyn Russell, and Terrance Hettipathirana, Glass Expansion, Inc.

Figure 1: Glass Expansion concentric nebulizer design features.
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Parallel-path designs also typically suffer from poorer repro-
ducibility in performance from one nebulizer to the next.

Results
In this study, we compared the performance of the SeaSpray, 
Conikal, DuraMist, Slurry, and a non-Glass Expansion 
parallel-path design. Some of the criteria that need to 
be considered when selecting a nebulizer for ICP-OES 
applications are listed below:

• tolerance to TDS
• tolerance to particulates
• tolerance to hydrogen fluoride (HF)
• precision (RSD)
• sensitivity (signal-to-root background ratio, SRBR).
Short-term analytical precision (%RSD) is one of the most 

critical figures of merit for ICP-OES applications. With 
RSDs, the lower the figure, the better, as this represents less 
variability in the analytical signal. In Figure 2, the SeaSpray 
nebulizer shows the best short-term precision of 0.26% RSD, 
whereas the parallel-path nebulizer gives the worst precision 
at 1.3% RSD. Due to the design of the parallel-path nebulizer, 
precision can be improved at higher sample flow rates 
(1.5–2 mL/min). However, higher sample flow rates are not 
desirable in many ICP applications, due to plasma stability 
issues, limited sample volumes, or autosampler capacity.

With a solid-state detector, the most reliable figure of merit 
for detection limits is the signal-to-root background ratio 
(SRBR), because measuring detection limits with multiple 
solutions and a large number of replicates is both slow and 
prone to significant statistical variation. With SRBR, the higher 
the value, the lower the limit of detection. In Figure 3, the 
SeaSpray offers the highest SRBR value (indicating the lowest 
detection limits), with the DuraMist giving the next best results. 
The Slurry and Conikal are similar and followed closely behind, 
with the parallel-path offering the lowest SRBR values (and 
worst detection limits) of the nebulizers examined.

In order to maximize the lifetime of these performance ben-
efits, it is important to select accessories that will mitigate the 

effects of certain sample types. For high-TDS samples, pair-
ing the SeaSpray or DuraMist with the Elegra argon humidifier 
will help maintain analytical performance (2). Humidifying the 
nebulizer gas helps to alleviate salt deposits in the nebulizer 
and torch injector, allowing uninterrupted and maintenance-
free operation. In order to prevent any issues with clogs or 
blockages due to particulates, the Guardian inline particle fil-
ter can be installed to eliminate the risk of particulates getting 
trapped in the nebulizer or capillary tubing (3).

Lastly, to keep your nebulizer in good condition, always 
follow the manufacturer-recommended maintenance 
procedure, and do not use wires or sonicating baths. Glass 
Expansion’s Eluo Nebulizer Cleaning Tool provides a safe 
and convenient way to remove blockages (3).

Conclusion
If you want the best performance your ICP-OES can provide, 
it is essential that you choose the proper nebulizer to meet 
the demands of your sample types, in addition to following 
recommended maintenance procedures to ensure consistent 
performance and long life. In this application note, we 
presented a selection guide based on several performance 
criteria. However, if you require any further assistance 
selecting a sample introduction system, please contact us at 
enquiries@geicp.com or visit www.geicp.com.

References
(1) “A Nebulizer Update,” Glass Expansion (Pocasset, Massachusetts, 

2013).

(2) “The Elegra Argon Humidifier: Uninterrupted and Maintenance-Free 

ICP Operation.” Glass Expansion (Pocasset, Massachusetts, 2016).

(3) “Considerations when Analyzing Real-World Samples by ICP 

Spectrometry.” Glass Expansion (Pocasset, Massachusetts, 2017).

Figure 3: Comparison of SRBR at 0.7 L/min nebulizer gas flow. 

Glass Expansion, Inc.
31 Jonathan Bourne Dr., Unit # 7, Pocasset, MA 02559

tel. (508) 563-1800, fax (508) 563-1802
Website: www.geicp.com 

Figure 2: Comparison of short-term analytical precision of 
5 ppm Mn at 0.7 mL/min sample uptake. 
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Material Identification for standard ASTM and JIS alloy 
tables and user-definable custom identification tables 
is enabled by Rigaku Material Identification software.

Material identification, also called positive material 
identification (PMI), is used to analyze and identify 

materials for quality assurance and quality control to verify 
proper alloy or material is being used. Material identification 
can also be used to quickly sort unknown alloys and 
other materials, including powders and liquids. It is also 
used in industrial forensics and failure material analysis 
identification. By looking at the structure of the elemental 
constituents in a sample, material identification verifies 
material type by comparing differences in composition 
that define the specific types of materials being analyzed. 
X-ray fluorescence (XRF) offers a non-destructive means for 
material identification. 

Experimental Conditions
Energy dispersive X-ray fluorescence (EDXRF) systems 
from Applied Rigaku Technologies offer the standard alloy 
identification tables as well as the capability for the user to 
create a custom table defined for any material where the 
types of materials can be differentiated by differences in 

element composition. The ASTM and JIS standard alloy 
tables for ferrous, aluminum, and copper alloys are included. 

Rigaku Material Identification software allows the user 
to create and define a custom identification table for any 
material where the types of the material are differentiated by 
elemental composition. For example, for an identification 
for sorting unusual auto cats, the material types and 
criteria for differentiating are determined by the user to 
best fit the specific needs at the facility.

The user creates a new standard table, defines the 
category, and lists the major elements in the material that 
are used to differentiate the various material types. Next, 
the types of material are listed and the elemental limits that 
define the differences among each type are entered.

Conclusion
Rigaku Material Identification software gives the user a tool 
for alloy PMI as well the ability to create custom identifica-
tion tables for material verification and sorting applications.

Material Identification
Applied Rigaku Technologies, Inc.

Figure 1: Example of identification of SiC diesel auto cat sample.

Applied Rigaku Technologies, Inc.
9825 Spectrum Drive, Bldg. 4, Suite 475, Austin, TX 78717

tel. (+1) 512-225-1796
Website: www.RigakuEDXRF.com

http://www.rigakuedxrf.com
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Polarization in FT-IR ATR
Susan Berets and Jeffrey Christenson  
Harrick Scientific Products, Inc.
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Figure 2: ATR spectrum of tunicin measured with s-polar-
ization (red) and p-polarization (blue). 

Harrick Scientific Products,  Inc.
141 Tompkins Ave., 2nd Floor, Pleasantville, NY 10570

tel. (800) 248-3847 
Website: www.harricksci.com
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Figure 1: ATR spectra of water recorded with the polarizer 
set to 90 (red) and 0 (blue).
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Figure 3: ATR spectrum of a 16 Å thick photoresist ultrathin 
film on a silicon wafer, measured with unpolarized (black), 
s-polarized (red), and p-polarized (blue) incident radiation.

ented thin film on silicon was examined with the VariGATR at a 
65° grazing incidence.

Results and Discussion
Figure 1 shows the ATR spectra of water, measured with the 
two perpendicular orientations of the polarizer. Clearly, the 0 
setting gives bands that are roughly twice as strong as those 
for the 90 setting, indicating that the former gives p-polarized 
radiation.

Figures 2 and 3 show spectroscopic differences resulting 
from polarized measurements. In Figure 2, the O-H and C-H 
stretching regions change with polarization, suggesting differ-
ent orientations of functional groups on the surface. Figure 3 
shows differences at 1500 cm-1 and 1250 cm-1. These bands are 
not visible with s-polarization but are with p-polarization, which 
probes bonds perpendicular to the interface. This shows the 
preferential orientation of functional groups on the surface.

Conclusion
Combining a polarizer with ATR measurements provides 
valuable information about the sample. It also determines that 
the polarization delivered is straightforward. Polarization can 
enhance band intensities and provide information on oriented 
functional groups.

References
(1) N.J. Harrick, Internal Reflection Spectroscopy (Wiley, New York, 1967).

Many polymers and thin films on semiconductors are de-
signed with specific molecular orientation to take advan-

tage of mechanical, chemical, or physical properties. Some 
plastics, for example, exhibit different mechanical strengths 
depending on the orientation. Molecular orientation can be 
extracted from polarized ATR measurements.

This application note demonstrates determining the cor-
rect orientation of the polarizer for these measurements and 
illustrates the importance of polarized measurements in spe-
cific examples.

Experimental
For all measurements, a Harrick Wire Grid Polarizer (KRS-5 
substrate) was used. The polarizer was oriented in the same 
position for both background and sample measurements. All 
spectra were collected using an FT-IR spectrometer at an 8 
cm-1 resolution, averaging over 32 scans.

Harrick’s Horizon, Seagull, and VariGATR accessories were 
used here. Such accessories redirect the infrared to and from 
the sample via mirrors, changing the direction of the electric 
field, which makes it tricky to ascertain the polarizer position 
for s- or p-polarization. For ATR, the polarizer orientation is 
straightforward to determine. The effective thickness for p-po-
larization is nearly twice that for s-polarization at a 45° incident 
angle (1), which is directly reflected in band intensity.

Three samples were investigated. An unoriented liquid, wa-
ter, was used to demonstrate the method used to determine 
polarizer orientation with the Horizontal multiple reflection 
ATR. Then, two oriented samples were examined: Tunicin was 
measured with the Seagull at a 45° incident angle and an ori-

http://www.harricksci.com
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The Oxigraf state-of-the-art Oxygen Deficiency 
Monitor, the Model O2iM, is a responsive, accurate, 
and reliable safety monitor for oxygen displacement 
monitoring in quantum computer laboratory, MRI, 
NMR, and liquid nitrogen and helium storage facilities. 
Our reliable solid-state sensor does not require routine 
maintenance or factory calibration, and the O2iM is 
equipped with an automatic, programmable auto-
calibration system. The system easily interfaces with 
alarm system and building management systems. 

Oxigraf Case Study

State-of-the-art helium (and other rare gases) recovery, 
purification, and liquefaction systems are required 

for operation of helium-3/helium-4 milli Kelvin dilution 
refrigerators in modern quantum computer laboratories, 
liquid helium superconducting magnets, MEG systems for 
medical applications, cryogenic measurement cryostats, and 
various size helium and cryogenic vacuum facilities.

The Problem
Reliable solutions for sampling gas from remote locations in a 
helium processing facility are needed to monitor equipment 
and personnel safety. During their operations, helium 
processing facilities deal with the presence of cryogenic 
nitrogen and helium, presenting oxygen deficiency hazards. 
Oxygen deficiency in the workplace can lead to blackouts, 
cause falls, and present more serious health risks—some of 
which can be fatal. The Oxigraf expert team can be brought in 
to help eliminate the risk of oxygen depletion.

The Solution
The Oxigraf Model O2iM has a high-flow pump option and 
allows for sampling from long distances. This sensor allows 
for continual monitoring of the clients’ facilities atmosphere 
from a safe location and provides local alarms and interfaces 
with sophisticated safety features to prevent hazards such 
as cryogenic spills, which can lead to rapid displacement of 
breathing air. Oxigraf’s top-of-the-line oxygen deficiency 
monitor is flexible and efficient, and it provides the client 
with a reliable, immediate oxygen alarm for concentrations 
of less than 19.5%. It also eliminates the need for frequent 
recalibration or replacement of oxygen sensors as well as the 

comprehensive, time-consuming maintenance often involved 
in sampling systems. The risk of false alarms and alarm failures 
can also be eliminated.

The Result
It can be determined that O2iM allows reliable performance 
24/7. Oxigraf customers are particularly impressed with the 
unique engineering of the “Pre-Fetch” high-flow pump option, 
which allows for the monitoring of distant sample locations 
while maintaining fast response times.

Learn More
Oxigraf has over 20 years of experience producing laser gas 
sensors and instruments and is the leading manufacturer 
of laser absorption spectroscopy sensors for oxygen 
gas measurement and analysis. Oxigraf O2iM Oxygen 
Safety Monitors have been widely adapted in hundreds of 
facilities since 2004, replacing a wide range of less reliable 
electrochemical sensors. Oxigraf O2 and CO2 sensors in 
particular have been widely adapted by OEM manufacturers 
of medical respiratory gas monitors in order to measure 
breath waveforms, end-tidal gas values, anaerobic thresholds, 
VO2 max, and non-invasive cardiac outputs. 

For more information on our sensors, or to speak with an expert 
about your specific monitoring needs, contact the team today.

Quantum Computer Helium Laboratory Oxygen 
Deficiency Monitor O2iM from Oxigraf
Oxigraf, Inc.

Figure 1: Oxigraf state-of-the-art Oxygen Deficiency 
Monitor, Model O2iM.

Oxigraf, Inc.
238 E Caribbean Dr., Sunnyvale, CA 94089

tel. (650) 237-0155, fax (650)237-0159
Website: www.oxigraf.com

http://www.oxigraf.com


THE APPLICATION NOTEBOOK Molecular

September 2020   Spectroscopy 35(9)  53www.spectroscopyonline.com

The concentration of ethanol in hand sanitizer was 
determined using a calibration developed with an 
automated ATR sampling accessory.

Ethanol-based hand sanitizers have been used to hamper 
the spread of infectious diseases for decades, especially 

by healthcare providers. More recently, in response to the 
COVID-19 pandemic, hand sanitizers have become a popular 
household item and are now being used routinely by the general 
public. To effectively destroy viruses such as SARS-CoV-2, the 
concentration of ethanol must be greater than 60% in volume. 

Fourier transform infrared (FT-IR) spectroscopy with 
attenuated total reflectance (ATR) requires no sample 
preparation and is an ideal way to determine the concentration 
of ethanol in a popular hand sanitizer. Here we created 
a calibration curve from prepared standards, using the 
PIKE Technologies’ AutoATR—an automated 24-well plate 
accessory that is designed for rapid calibration development 
and validation.

Experimental Methods
Ethanol standards were prepared with 99.5% anhydrous 
ethanol at concentrations of 0.00, 50.00, 75.00, 79.17, 85.00, 
and 90.00% ethanol (v/v). Each solution was covered and 
allowed to degas while thoroughly mixing.

FT-IR spectra were collected on a commercial FT-IR 
spectrometer equipped with a DLaTGS detector, and using the 
AutoATR sampling accessory. Then, 32 scans were co-added 
and the spectral resolution was 4 cm-1. The PIKE AutoPRO7 
software was used to control the X-Y stage of the accessory 
and to signal the FT-IR instrument to collect each background 
at each sample position prior to the introduction of the sample 
aliquots. After background collection was complete, sample 
aliquots were distributed into the 24-well ATR microtiter tray, 
and covered with an airtight seal to prevent evaporation of 
ethanol and water within each well. Each sample spectrum 
was collected and a transmittance spectrum was automatically 
calculated using its corresponding well-specific background 
spectrum, as directed by AutoPRO7.

Results
The two prominent ethanol spectral bands located near 
1045 and 1087 cm-1, corresponding to C–O stretch modes, 

were analyzed (Figure 1a). The calculated area across the 
975−1150 cm-1 spectral region of each standard solution 
was used to generate a calibration plot. A linear regression 
of the calibration series exhibiting an R2 = 0.9992 was then 
used to determine the %ethanol (v/v) of a popular ethanol-
based hand sanitizer. Based on the linear regression equation 
shown in Figure 1b, the %ethanol (v/v) of the tested hand 
sanitizer was determined to be 82.7%.

Implementing automation in the laboratory offers an 
opportunity to increase laboratory efficiency by significantly 
decreasing calibration-and-validation development time. In 
the case of the AutoATR, up to 24 samples in a single run may 
be analyzed with high reproducibility and speed, resulting in 
high-quality spectra.

Conclusion
To effectively combat pathogens like SARS-CoV-2, 
manufacturers of hand sanitizers must determine the 
concentration of components in mixtures. The AutoATR 
makes these spectroscopic analyses easy and efficient by 
speeding the calibration development and model validation, 
while allowing for rapid sample data collection.

Quantifying Ethanol Concentration in Hand Sanitizer 
via Automation
Kyle J. Czech and Jenni Briggs, PhD, PIKE Technologies

PIKE Technologies, Inc.
6125 Cottonwood Drive, Madison, WI 53719

tel. (608) 274-2721
Website: www.piketech.com
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Figure 1: (a) Absorbance spectra of ethanol/water 
standards (green lines) and the analyzed hand sanitizer 
(black line). (b) Calibration plot showing the area of 
the absorbance bands of ethanol (green markers) with 
the absorbance area of the hand sanitizer shown by the 
black marker. 
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How Does Concatenation Enhance Raman 
Spectroscopy?
Michael Meyer, RPMC Lasers, Inc.
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Figure 1: Concatenated Raman spectra for cyclohexane 
obtained with a 680 nm/785 nm laser pair. 

RPMC Lasers, Inc.
8495 Veterans Memorial Pkwy, O’Fallon, MO 63368

tel. (636) 272-7227
Website: www.rpmclasers.com

In general, many Raman measurements suffer 
from fluorescence, which forces the use of longer 

excitation wavelength (lower photon energy) 
lasers to prevent the fluorescence signal from 
overwhelming the Raman signal. However, this 
results in reduced sensitivity of low-cost silicon 
CCD detectors at higher wavenumbers, making 
it difficult (or impossible) to observe the “stretch” 
portion of the Raman spectra (for example, 2000–
4000 cm-1). This reduced sensitivity is particularly 
true for excitation wavelengths greater than 760 
nm. In addition, longer wavelength excitation lasers 
result in a reduced Raman excitation cross-section, 
making it challenging to observe and perform 
quantitative analysis in the “fingerprint” portion 
of the Raman spectra (for example, 0–2000 cm-1). 
Raman concatenation overcomes these difficulties 
and allows a user to visualize the entire Raman 
spectra from 0 to 4000 cm-1 by using two lasers with 
a single-grating-spectrometer and a single probe. 
As an added benefit, because a shorter wavelength 
(higher photon energy) laser is used to collect the 

“stretch” portion of the spectrum, an enhanced 
signal is observed in this region, which allows for 
greater quantitative accuracy.

The second shorter wavelength laser is selected 
to probe the “stretch” region of the spectrum using 
the same spectrometer detection wavelengths. In 
this example, a 680 nm excitation laser corresponds 
to a 2000–4000 cm-1 Raman shift. The probe filters 
are selected to allow excitation and collection at 
both wavelengths.

In operation, each portion of the Raman spectrum is 
sequentially collected, then the composite spectrum 
is “concatenated” or stitched together. Figure 1 
shows an example of a concatenated spectrum 
collected on cyclohexane using a 680 nm/785 nm 
laser pair. Note the significant enhancement and 
improved peak discrimination of the Raman signal 
strength in the stretch portion of the spectrum.

The ~10X enhanced signal and signal-to-noise 
ratio in the stretch region of the spectrum (Figure 
1, right side) makes Raman concatenation ideal for 

quantitative process control of CH, OH, and NH 
molecules in many applications. Finally, it should be 
noted that longer wavelength laser pairs can also be 
selected if fluorescence is still an issue at 680/785 
nm. For example, a 735/830 nm laser pair can be 
utilized with a silicon-based spectrometer, while an 
830/1064 nm laser pair can be used with an InGaAs-
based spectrometer. The Raman concatenation 
system is patented by Innovative Photonic Solutions 
(IPS) under US 10,359,313 and is patent pending in 
the EU.

The R series of wavelength-stabilized, single-
mode and multimode laser diodes offer a narrow 
wavelength spectrum in wavelengths from 633 nm to 
1064 nm. Package options range from components 
as basic as a TO-56 or 14-pin BF packaged diodes, 
to OEM modules including electronics, to UL/CE 
and IEC certified turnkey systems.

http://www.rpmclasers.com
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This study describes how Raman imaging and 
correlative Raman scanning electron (RISE) 
microscopy can characterize and visualize layer 
numbers in 2D MoS2 and WSe2 samples.

Transition metal dichalcogenides (TMDs) exhibit unique 
electronic and optical properties, and these differ 

depending on the number of layers of material. Raman 
imaging can quantify layers by these differences. Raman 
microscopy can also be combined with other techniques, 
such as scanning electron microscopy, for a more 
comprehensive view.

Experimental
An investigation of a tungsten diselenide flake quickly pro-
duced high-resolution images with a WITec alpha300 apyron 
fully automated Raman microscope.

Molybdenum disulfide monolayer crystals were examined 
with a WITec RISE system featuring a common vacuum 
chamber for both Raman and SEM measurements.

Results

Ultrafast Raman Analysis  
of Tungsten Diselenide (WSe2)
Figure 1B shows a measurement of a WSe2 flake that was 
acquired in approximately 2 min. It is a clear and detailed 
75 × 75 µm² Raman image consisting of 10,000 spectra. The 
same data after smoothing are also shown. A measurement 
made in about 17 min of 100,000 spectra produced an even 
sharper image.

RISE Microscopy Investigation  
of Molybdenum Disulfide (MoS2)
RISE microscopy reveals structure as well as crystalline 
and exciton dynamics of few-layered transition metal 
dichalcogenides (TMDs). Twin crystals of MoS2 on SiO2/Si appear 
in the SEM image as star-shaped forms (Figure 2A). The Raman 
spectra of MoS2 monolayers show the characteristic E’/E2g  
and A’1/A1g Raman band modes of MoS2 at 385 and 403 
relative wavenumbers (cm-1) respectively (Figure 2C). With an 
increasing number of layers, the two Raman bands drift apart 
due to in-plane and out-of-plane (inter-layer) vibrations.

The grain boundaries visible in the SEM image correlate 
with the areas where Raman signals indicate crumpled or 
overlapping edges, highlighting the effectiveness of RISE 
microscopy (Figure 2B) for characterizing MoS2 crystals.

Conclusion
Raman microscopy and the combination of Raman imaging 
with scanning electron microscopy offer researchers fast 
and versatile tools for determining the number of layers in 
transition metal dichalcogenide samples. High-resolution 
images of tungsten diselenide and molybdenum disulfide 
crystals can show edges, boundaries, folds, wrinkles, and 
other structures in clear, precise detail. This capability will be 
of great use as 2D materials and TMD research continues.

TMD Layer Characterization  
with Raman and RISE Microscopy
WITec GmbH

A B C D

Figure 1:  WSe2 flake A: White light image. B: Raman image 
of 10,000 spectra acquired in about 2 min. C: Smoothed 
version of B. D: Raman image of 102,400 spectra acquired in 
about 17 min. Color code: single-layer (red), bi-layer (green), 
multi-layer (blue). 
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Figure 2: MoS2 crystals A: SEM image of MoS2 crystals. 
B: Color-coded Raman image derived from the spectral 
information overlaid on the SEM image to produce the RISE 
image. C: Raman spectra of MoS2: green = 1L MoS2, blue and 
red = edges and defects. 
(Sample courtesy of Ting Yu, Nanyang Technological 
University, Singapore.)  
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