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In 1970, marijuana was designated a Schedule I drug 
under the Controlled Substances Act, making it near-
ly impossible for laboratories to perform cannabis 
research. However, medicinal use of cannabis is now 
legal in Canada and 36 U.S. states, with more joining 
every year. With the passage of the Farm Bill in 2018, 
it is now federally legal to grow and process hemp in 
all 50 states. All of this interest in medical cannabis 
and CBD has highlighted the need for good analysis 
methodology in this relatively young market. Can-
nabis analysis is still developing standardized proto-
cols, requirements, and acceptable testing practices.  
Typical testing requirements for cannabis and its 
products include heavy metal analysis, pesticide resi-
due, and the potency of active ingredients such as 
tetrahydrocannabinol (THC). The terpene content 
of cannabis is also important. Terpenes have been 
shown to have beneficial uses for treatment of condi-
tions ranging from cancer and inflammation to anxi-
ety and sleeplessness. It is believed that the combi-
nation of terpenes and cannabinoids in cannabis 
produce a synergistic effect with regard to medical 
benefits, further elevating its popularity worldwide.

Certain heavy metals can cause adverse effects on hu-
man health. Toxic heavy metals such as arsenic, cad-

mium, lead, and mercury are persistent once released 
into the environment and can accumulate in cannabis 
plants. Since hemp is a strain of cannabis (that contains 
very little THC), it is susceptible to bioaccumulation of 
heavy metals like its THC-containing counterparts. Can-
nabis-based products such as foods, oils, tinctures, and 
lotions should be tested for the presence of heavy metals 
to ensure consumer safety and product quality. Cannabis 
and CBD-infused products have grown in popularity in 
states that allow medicinal and recreational use of can-
nabis and hemp. This application note details the diges-
tion and analysis of various forms of hemp and cannabis 
products for determination of trace metals content.

Instrumentation
A CEM MARS™ 6 microwave digestion system was 
used to digest varied cannabis and hemp sample types.  

The MARSXpress™ Plus vessels use a vent and reseal design, 
which allows for acid vapors to be exhausted while maintaining 
the sample integrity and elements within the vessel. The 110 
mL vessel volume provides for a larger headspace, allowing 
a larger sample size for a more homogenous sample.  
The MARSXpress Plus vessel design uses only three pieces 
that are easily assembled and placed in a 24-position 
turntable, prior to placing into the MARS 6 system.

All samples were analyzed by ICP-MS on a Shimadzu 
ICPMS-2030 instrument.

Microwave Digestion and Trace Metals Analysis of 
Mixed Cannabis and Hemp Products 
Samuel Heckle and Leanne Anderson, CEM

Figure 1: Samples selected for digestion and analysis.

TABLE I: Shimadzu ICPMS-2030 Operational Conditions

Parameter Setting

Radio Freq. Power 1.20 kW

Sampling Depth 5.0 mm

Plasma Gas 8.0 L/min

Auxiliary Gas 1.10 L/min

Carrier Gas 0.70 L/min

Mix Gas 0.00 L/min

Cell Gas 6.0 mL/min

Cell Voltage -21 V

Energy Filter 7.0 V

Chamber Temp. 5 °C

http://www.cem.com
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Procedure and Method
A variety of 11 hemp and hemp-containing samples were 
obtained from local retailers. Samples ranged from edi-
bles to lotions to plant material. Solid samples required 
minimal particle size reduction in order to obtain a rep-
resentative sample. Liquid and semi-liquid samples were 
digested as received.

A 0.5 g sample was weighed into a MARSXpress Plus 
vessel taking care to deposit the entire sample onto the 
bottom of the vessel. A combination of 9 mL HNO3 and 
1 mL HCl was added to each vessel before the vessels 
were sealed and placed into the microwave. Using the 
preprogrammed Cannabis One Touch Method, the sam-
ples were digested at 210 °C for a total run time of 45 min, 
including a 20 min ramp to temperature, a 15 min hold 
at 210 °C, and a 10 min cool down. Upon completion 
of the run, samples were diluted to 50 mL with DI H2O.  
All samples were run in duplicate with duplicate blanks.

A second batch of samples was run identically to the first 
except for the addition of a spike solution containing 5 ppb 
Pb, As, Cd, and Hg to all samples, duplicates, and blanks. 
Figure 1 shows the 11 samples analyzed in this study.

All samples were analyzed on a Shimadzu ICPMS-2330 
system to determine spike recoveries and actual sample 
content of the “big four” heavy metals of As, Cd, Hg, and 
Pb. Instrument conditions are shown in Table I.

Results and Discussion
The MARS 6, with MARSXpress Plus vessels, was able to 
successfully digest all 24 samples and blanks in a single 
batch. All of the samples were completely digested, 
yielding clear and particulate-free solutions upon dilu-
tion with deionized water. The MARS 6 is an ideal diges-
tion system for the cannabis industry because it is able to 
successfully digest batches of mixed materials, including 
foods, oils, tinctures, creams, and plant materials, in as 
little as 45 min.

The clear and particulate-free digestate solutions that 
were analyzed by ICP-MS showed excellent spike recov-
ery and RSDs, as shown in Table II, indicating complete 
matrix decomposition by microwave digestion.

Conclusions
The MARS 6 with MARSXpress Plus vessels was able to digest 
a wide variety of cannabis and hemp samples in mixed 
batches producing digestate that was suitable for analysis. 
Analysis of all samples showed excellent spike recovery and 
repeatability. Laboratories faced with a large number of 
samples will be able to confidently digest a mixed batch of 
samples in under 1 h.

 CEM Corporation
3100 Smith Farm Road, Matthews,NC 28104

Tel. (800) 726-3331
Website: www.cem.com

TABLE II: Spike recovery results

75As 111Cd 200Hg 208Pb

Hard 
candy

Mean value 5.12 4.92 5.05 5.13

RSD (n = 3) 3.51 1.68 0.19 1.74

Recovery (%) 102 98 101 102

Granola 
bar

Mean value 4.55 5.07 5.09 5.06

RSD (n = 3) 13.53 1.61 1.58 1.15

Recovery (%) 91 99 102 101

MCT oil

Mean value 5.39 5.04 5.13 4.94

RSD (n = 3) 1.36 1.54 1.24 1.89

Recovery (%) 108 101 103 99

Ghee

Mean value 5.46 5.05 5.15 5

RSD (n = 3) 3.8 2.01 1.19 1.73

Recovery (%) 109 101 103 100

Hemp 
oil

Mean value 5.27 5.18 5.2 5.09

RSD (n = 3) 11.91 1.53 2.1 1.5

Recovery (%) 105 104 104 100

Lotion

Mean value 4.96 5.09 5.16 5.03

RSD (n = 3) 11.08 1.21 3.12 2.62

Recovery (%) 99 102 103 101

Froggy

Mean value 4.76 4.9 4.83 5.07

RSD (n = 3) 0.95 0.74 1.46 1.92

Recovery (%) 95 98 97 101

Hemp 
flower

Mean value 4.81 5.05 5.11 5.15

RSD (n = 3) 9.68 1.22 0.6 1.48

Recovery (%) 96 101 102 100

Beef 
jerky

Mean value 4.81 5.07 5.06 5.22

RSD (n = 3) 7.54 1.17 1.25 1.86

Recovery (%) 96 100 101 103

Peanut 
butter

Mean value 5.22 5.28 5.13 5.11

RSD (n = 3) 5.32 1.08 1.45 2.93

Recovery (%) 104 103 103 101

Conc. 
CBD oil

Mean value 5.41 5.17 4.93 5.05

RSD (n = 3) 10.43 0.7 2.03 2.74

Recovery (%) 108 103 99 100

http://www.cem.com
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The analysis of gemstones is demonstrated, using 
low-power 50W EDXRF with indirect excitation.

Elemental measurement is important in gemology for
identification, classification, and characterization of both 

natural and synthetic gemstones. Minor and trace levels 
of metals, especially the transition metals, as well as alkali 
elements and alkaline earth elements, help to establish the 
geographic region and environmental conditions during the 
formation of a gemstone. Other elements can be used to 
indicate processing requirements of synthetics.

EDXRF (Energy-dispersive X-ray fluorescence) is a simple, 
non-contact, non-destructive analysis technique that is ideal 
for use in precious materials testing. It is useful in quantifying 
the elements that occur in many gem materials, as well as other 
elements that are evidence of certain treatment processes. 
The benefit of using low power 50W EDXRF is that the X-ray 
source will not damage the gems. Secondary targets and 
polarization also make the analysis simple by eliminating most 
or all of the extraneous background scatter X-rays. 

Experimental Conditions
Each gemstone was placed in a small plastic XRF sample 
cup using a special insert made of Teflon to center the stone 
sample and provide no extraneous fluorescence. 

A fundamental parameters (FP) method was developed 
from Rigaku’s RPF-SQX Metals Template. The RPF-SQX 
method uses an advanced FP program that automatically 
deconvolutes spectral peaks and models the sample matrix 
using fundamental XRF equations. This provides an estimate 

Analysis of Gemstones Using EDXRF
Applied Rigaku Technologies, Inc.
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Figure 1: RX9 (HOPG polarizer) secondary target

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

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

of the percentage of the sample that cannot be measured 
and yields more accurate analytical results for the remaining 
elements that can be measured, affording a semi-quantitative 
measurement of elemental concentrations without the need for 
a large suite of known assayed calibration standards. A matrix-
specific matching library can be created using one assayed 
sample of each gemstone to further optimize analytical results.

Instrumentation
Model: Rigaku NEX CG 
X-ray tube: 50 W Pd-anode 
Excitation: Indirect with 
polarization 
Detector: High-performance 
SDD 

Analysis Time: 500 s 
Environment: Helium Purge 
Standard: 15-position Sam-
ple Tray (32 mm) 
Options: Teflon sample cup 
insert  

Results
The Rigaku NEX CG spectrometer combines indirect excitation 
with secondary targets, polarization targets and a high-
performance SDD to give the operator a powerful and versatile 
analysis tool with a very simple to operate software interface. 
In contrast to conventional EDXRF systems, indirect excitation 
removes virtually all the background and thus affords spectra 
with a very high characteristic signal-to-noise ratio. This allows 
for much lower detection limits and a higher degree of accuracy.

The results shown here use standardless analysis and indicate 
excellent performance without the use of a Matching Library.

Conclusion
The Rigaku NEX CG analyzer using the RPF-SQX fundamental 
parameters method yields excellent performance for the 
elemental analysis of gemstones. Indirect excitation and 
polarization give the gemologist an excellent low-background 
tool, and low 50 W power ensures no damage to the gemstone 
during analysis. The use of RPF-SQX eliminates the need for 
calibration standards, and, if desired, quantification can be 
optimized with matching libraries based on one assayed sample 
of each gemstone.

http://www.rigakuedxrf.com
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The TacticID-1064 ST has dedicated software 
and hardware designed to measure materials 

through both transparent and opaque containers.  
These through-barrier measurements remove the 
need for active sampling of potentially dangerous 
compounds such as fentanyl, leading to safer 
operations and reduced wait time for clear results. 
The 1064 nm laser is also an advantage for analyzing 
fluorescent or impure material. A Raman system with 
a 785 or 830 nm laser may generate fluorescence 
from these samples, which can overwhelm the 
Raman signal and make identification impossible. 
In this application note, we explore some of the 
capabilities of the TacticID-1064 ST.

Experiment
The TacticID-1064 ST is equipped with a see-through (ST) mode 
scan function that allows users to identify chemicals behind 
thick and opaque barriers with the use of an ST sampling 
adapter. A hit quality index (HQI) is used to match the unknown 
sample to a library spectrum. The HQI calculation ranges from 
100 (best match) to 0 (worst match). The system employs an 
automatic integration time. The laser power is adjustable,  
but was set to 90% for these measurements. The number of 
hits can also be adjusted.
Materials tested:
• Fentanyl: highly toxic opioid that is often mixed with 

heroin and other street drugs
• N-acetylanthranilic acid: Drug Enforcement 

Agency List I controlled drug precursor, used in 
synthesis of methaqualone, highly fluorescent with 
785 nm excitation

• Caffeine: stimulant often used as a cutting agent in 
drug manufacturing

Containers:
• manila envelopes
• padded shipping packages
• high-density white polyethylene (HDPE) bottles

Results
Fentanyl citrate powder inside a thin plastic bag was placed 
inside a manila envelope and tested with the TacticID-1064 
ST. Fentanyl citrate was successfully identified directly through 

the manila envelope with an HQI of 85.0. N-acetylanthranilic 
acid is a light brown compound that is used in the synthesis 
of methaqualone and mecloqualone, both Schedule I drugs. 
According to the International Narcotics Control Board (INCB), 
10.4 metric tons of N-acetylanthranilic acid have been seized 
globally since 2000. When measured with a 785 nm laser, the 
Raman signal is completely overwhelmed by the generated 
fluorescence (Figure 1, red trace), making identification 
impossible with Raman. The 1064 nm laser of the TacticID-1064 
ST does not generate fluorescence (Figure 1, blue trace), 
and a good Raman spectrum can be collected and used for 
identification against the spectral library.

The ST mode on the TacticID-1064 ST was used to measure 
N-acetylanthranilic acid through a white plastic (HDPE) bottle 
with an HQI of 92.2.

Conclusion
The TacticID-1064 ST puts operator safety first, removing the 
need to actively sample from opaque packaging to identify 
illicit substances. The 1064 nm laser excitation removes 
fluorescence issues generally associated with 785 nm  
Raman systems.

See-Through Measurements of Illicit Substances in 
Commercial Containers with the TacticID®-1064 ST
Kristen Frano, B&W Tek, LLC
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Figure 1: Comparison of Raman spectra of N-acetylanthranilic 
acid with (a) 785 nm and (b) 1064 nm laser excitation.
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Raman Spectroscopy as a Tool for Studying  
Polymer Phase Transitions 
Angela Flack, Edinburgh Instruments

In this application note, we investigate the phase 
transitions occurring in polyethylene and nylon-6 
using the Edinburgh Instruments RMS1000 Raman 
Microscope and a temperature stage.

Semicrystalline polymers, such as polyethylene, are 
the largest group of commercially produced plastics. 

Heating and cooling between phase transitions is used in 
industry for shaping these polymers into their final product. 
A phase transition occurs when a substance changes into a 
different state, such as from a solid to a liquid.

Raman spectroscopy can be used to determine the glass 
transition temperature, melting transition temperature, 
and estimation of crystallinity. Peak intensities prove useful 
in identifying changes in the sample’s molecular organiza-
tion, and therefore the temperature of transition such as the  
glass transition.

Experimental
Polyethylene and nylon-6 powders were analyzed using 
an Edinburgh Instruments RMS1000 Raman Microscope 
equipped with a 785 nm laser and a temperature stage. 
Raman spectra were acquired for each polymer at increasing 
temperatures as the sample reached a transition state. 

Results
Figure 1 shows the Raman spectra for polyethylene at four 
different temperatures. The crystalline phase, shown here at 
30 °C, has characteristic narrow Raman bands. This is due 
to the strict organization of the polymer in this state with 
trans-rich conformation. As the polymer is heated, it moves 
into the amorphous state and the polymer becomes more 
disorganized with gauche-rich conformation, meaning 
the Raman bands become broader. It can clearly be seen 
from these Raman spectra that by 144 °C the polyethylene 
sample has gone through the melting transition and is in the 
amorphous phase.

Nylon-6 was heated to gain spectral measurements for 
both the glass transition and subsequent melting. From the 
spectra in Figure 2a, a decrease in Raman intensity of key 
peaks is seen as we increase the temperature to the melt-
ing point. The changes in peak intensity during heating can 

be used to determine the phase transition temperature.  
Figure 2b shows the intensity of the 1450 cm-1 Raman band 
against increasing temperature and the glass transition can 
clearly be seen by the sudden drop followed by a steep in-
crease in intensity at 50 °C.

Conclusion
Raman spectroscopy is a great method to study phase transi-
tions in polymers and to determine the temperature at which 
such transitions begin. This information is critical for ensur-
ing their efficient use in industry. In this case, temperature-
controlled Raman spectroscopy reveals spectral changes 
when the polymer transitions from the crystalline state into 
the amorphous state, for both melting and glass transitions.
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Diamond ATR has become one of the most commonly 
used FT-IR spectroscopy methods. However, the strong 

diamond lattice bands in the 2300–1900 cm-1 region make 
it difficult to measure the functional groups from nitriles, 
isocyanates, isothiocyanates, diimides, azides, and ketenes 
that would normally appear in that region. This applica-
tions note compares the sensitivity of a single-reflection ATR 
to multiple-reflection ATR for the nitrile functional group  
infrared transition.

Experimental
Infrared spectra were collected on an FT-IR spectrometer 
equipped with the Harrick DiaMaxATR™ single-reflection 
high-throughput diamond ATR accessory or ConcentratIR2 
multiple-reflection diamond ATR (see Figure 1). The system 
was purged to remove water vapor and CO2. Spectra were 
collected at 8 cm-1 resolution, and signal averaged over 32 
scans. The spectra were referenced to the clean ATR crystal.

The sample used here was a High Five Nitrile Disposable 
Glove (lightly powdered, textured, P/N N842). For the single-
reflection ATR measurement, a portion of the glove was 
pressed against the ATR crystal using the maximum force 
supplied by the build-in pressure applicator. For the multiple-
reflection ATR measurements, the sample was gently pressed 

against the ATR crystal with compressible foam to fill the 
trough, and to apply force as uniformly as possible.

Results and Discussion
Figure 2 shows the two spectra. The upper spectrum 
measured with the multiple-reflection ATR shows only noise 
in the 2300–1900 cm-1 region, due to the high absorbance 
of diamond in that region. The lower spectrum, however, 
clearly shows the C≡N stretch at 2238 cm-1. Another weaker 
band is also apparent in the single-reflection ATR spectrum 
at 2162 cm-1, possibly indicating the presence of an  
alkyne group.

Conclusion
The Harrick DiaMaxATR high-throughput, single-reflection 
diamond ATR is effective at measuring functional groups 
that are frequently obscured by the strong diamond lattice 
bands in the 2300–1900 cm-1 region. This makes it more 
suitable for analysis of the function groups in that region, 
including nitriles, isocyanates, isothiocyanates, diimides, 
azides, and ketenes.

A Diamond ATR-FTIR Study of Nitriles
Susan Berets and Jeffrey Christenson,  Harrick Scientific Products, Inc.

Figure 1: Two diamond ATRs: Single reflection DiaMaxATR 
(left) and ConcentratIR2 (right).

Harrick Scientific Products, Inc.
141 Tompkins Ave., Box 277, Pleasantville, NY 10570

tel. (914) 747-7202, fax (914) 747-7409
Website: www.harricksci.com
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Figure 2: Diamond ATR spectra of a nitrile glove measured 
using a multiple reflection ATR (blue) and a single reflec-
tion ATR (red).
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Key Issues:
• Sampling flexibility of Raman enables in-process 

analysis of solids, turbid media, liquids, and gases
• Large volumetric Raman provide representative  

sampling of heterogenous solids

Raman spectroscopy is an analysis technique that provides 
a “molecular fingerprint” of the sample, enabling analy-

sis of chemical composition and molecular structure without 
sample preparation. As a measurement technique, Raman 
imparts application and financial benefits from laboratory dis-
coveries to feedback-control in manufacturing. In situ real-time 
analysis, compatibility with aqueous systems, nondestructive 
nature, and high chemical specificity means that a Raman-ana-
lyzed sample is representative of the process. Because Raman 
is a nondestructive technique, the same sample measured by 
Raman can also be measured by other analytical techniques. 
These well-known features have been harnessed in pharma-
ceutical, chemical, polymer, and bioprocessing industries.

Sampling Flexibility in Raman
Fiber optic sampling probes enable real-time Raman mea-
surements outside the laboratory. For process or in-line sam-
pling applications, fiber optic probes can be inserted directly 
in the process. Figure 1 shows variants of fiber-optic probes 
used in Raman spectroscopy. The sampling flexibility impart-
ed by fiber optic probes means that Raman spectroscopy can 
be applied to real-time in situ analysis of a variety of materi-
als for applications from early development to manufacturing.  
The design of fiber optic probes for process environments 
takes into account additional considerations of the material’s 
phase, the ability to be immersed in corrosive or hazardous 
environments, and laser safety.

In-process Raman in Solids and Turbid Media
For processes that involve solids or turbid media, optical scat-
tering is an important material property that needs to be con-
sidered. Understanding the effects of optical scattering on 
Raman signal recovery will guide the selection of a fiber-optic 
probe, because there are applications in which optical scatter-
ing can be harnessed to maximize sampling volume, and there 
are other applications in which the effects of optical scattering 
should be minimized. In a recent example of Raman-based  

control in a process with solid materials, a large volumetric  
Raman probe was used to acquire information on critical qual-
ity attributes of pharmaceutical granules during a continuous 
blending and tableting process (1). Raman data were acquired 
quickly and nondestructively and with great chemical speci-
ficity, showing that Raman provides detailed in situ process 
knowledge needed for realtime process understanding.

Conclusion
Sampling flexibility is a significant benefit of Raman spectros-
copy. The use of fiber-optic probes expands the capability of an 
analyzer to meet current and future application needs. Raman 
provides detailed chemical information without sample ho-
mogenization, enabling bulk or cross-sectional analysis during 
the process. Raman spectroscopy approaches to measuring lay-
ered samples may be applied to pharmaceutical tablets, copo-
lymers, or biological materials such as cells or engineered scaf-
folds. Scientifically and financially successful Raman applications 
have been demonstrated at all scales, from the laboratory to on-
line in manufacturing in PAC and PAT environments. Examples 
of processes benefiting from Raman spectroscopy include:

• Pharmaceutical formulations: blending, granulation,  
coating, drying, tableting, content uniformity

• Pharmaceutical API: reaction chemistry, yield, polymorph 
form identification, crystallization

• Polymer: polymerization blending, extrusion monitoring, 
crystallinity, density, copolymers

• Bioprocessing: cell culture, fermentation

References
(1) B. Nagy et al., “In-line Raman spectroscopic monitoring and feedback 

control of a continuous twin-screw pharmaceutical powder blending 

and tableting process,” Int. J. Pharm. 530, 21–29 (2017).

Sampling Flexibility for 
Raman Spectroscopy
Karen A. Esmonde-White, Sean Gilliam,  
David Strachan, and Ian R. Lewis, Kaiser Optical Systems

Figure 1:  Raman measurements outside of a laboratory setting is 
achieved through fiber optic sampling probes. Sampling probes 
for Raman spectroscopy enable offset analysis of solids, thin 
films, and raw materials, or immersion analyses in liquids or gases 
without needing to customize process hardware.
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Supported by the PSI method, Raman spectroscopy 
has the capability to analyze the surface structure 
of nanomaterials, such as graphene, transition 
metal dichalcogenides (TMD), semiconductors, 
nanomaterials, and so on.

G raphene has been one of the most attractive 
materials in material engineering communities, 

due to its structure and high electron mobility.  
Its unique electronic band structure enables Raman 
spectroscopy to identify a single layer of graphene, 
and even to distinguish variable numbers of layers.

Combined with phase shifting interferometry 
(PSI), which investigates the height profile of 1 mm2 
area in 0.5 nm resolution, Raman spectroscopy is a 
powerful method to analyze the morphology of not 
only two-dimensional graphene, but also transition 
of metal dichalcogenides. Those methods may be 
applied to quality control by detecting the defects, 

wrinkles, or torn parts of graphene sheets that can 
be generated from the transfer process during 
graphene fabrication.

Here, we observed the folded parts on a bilayer 
graphene sample with a Raman spectroscopy system, 
the XperRAM S Series, and with a PSI system, the Xper-
PSI (both instruments manufactured by Nanobase, Inc.).

Materials and Methods
A layer sample of 1 cm2 of CVD graphene was fabricated 
by Graphene Supermarket. The graphene bilayer was 
transferred to 285 nm SiO2/Si (boron doped) substrate 
assisted by poly-methyl-methacrylate (PMMA) .

Raman spectra and Raman images were obtained 
with a Raman spectroscopy instrument, the XperRAM 
S Series. The Raman images were performed at 
those graphene’s intrinsic Raman peaks of G band  
(~1580 cm-1) and 2D band (~2700 cm-1). Averaging of 
spectra was performed from those parts where the 

Raman and Phase Shifting Interferometry (PSI) Study 
of Tear/Fold Structure on Transferred Graphene
Nanobase Research Team
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Figure 1: Optical image (a), Raman map (G (b), 2D (c) and 2D/G (d)) images, and Raman spectra of folded graphene (e)

http://www.nanobase.co.kr


THE APPLICATION NOTEBOOK Molecular Spectroscopy

February 2021   Spectroscopy 36(2)  53www.spectroscopyonline.com

silicon substrate is exposed and where the graphene 
layer is folded (2+2 tetralayer). The PSI images from 
the same parts were obtained via the Xper-PSI using  
532 nm excitation.

Results and Conclusion
During the transfer of graphene on the growth 
substrate to the target substrate, sometimes a bit of 
the graphene area became torn and folded on the 
other side, symmetrically (1,2). This phenomenon 
was also found through a microscope (Figure 1a).

Raman mapping was used to investigate the layer 
of graphene sheet and the properties of tear/fold 
structure (Figure 1 b–d). Through the 2D/G map 
(Figure 1d) and a spectrum at point 1 of Figure 
1e, it was confirmed that bilayer graphene sheet 
was grown on the substrate. In Figure 1b and 1d, 
it was clearly seen that the two shapes were very 
similar. With the Raman map images of G and 
2D bands and spectra of point 2 and 3 of Figure 
1e, the direction of the graphene being folded  
was indicated.

In addition, by comparing spectra of specific 
areas from the Raman image in Figure 1e, intensity 
amplification of G, 2D band and the red shift  

(4~8 cm-1) again confirm the graphene tear and fold 
morphology (2).

PSI was used to observe the profile of tear and fold 
area. The 2D PSI image and 3D-reconstructed images 
are shown in Figure 2a and 2b. Height profiles in Figure 
2c prove that the depth between graphene sheet and 
substrate was about 4 nm, which was equal to the height 
of folded graphene sheets.

Furthermore, the height of several torn or folded 
graphene sheets was examined, and bilayer graphene 
had 4 nm height.

Thus, supported by the PSI method, Raman spectroscopy 
has the capability to analyze the surface structure of 
nanomaterials, such as graphene, two-dimensional materials, 
nano-patterned surfaces, nanomaterials and so on.

References
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FT-NIR spectroscopy is a useful tool to identify textile 
samples, with distinct spectral features observed at 
wavelengths >1350 nm. This approach can be applied 
to authentication of natural and synthetic consumer 
textile products.

Both Raman and infrared spectroscopy techniques have 
been used to characterize textiles and fabrics for incom-

ing inspection of raw materials, and to assess the authentic-
ity of products produced from these materials. In the case of 
colorful textiles and fabrics, infrared spectroscopy is some-
times preferred to Raman to avoid the strong Raman back-
ground spectrum that can arise from the dyes found in brightly  
colored textiles.

Experimental Conditions
Reflectance from 100% cotton, nylon, and satin textile samples 
was measured across the extended near-infrared (NIR) 
wavelength range (1350–2500 nm) using the Ocean Insight 
NanoQuest spectral sensor with a high-powered tungsten 
halogen light source and 600 µm visible-NIR reflection probe. 
Measurements were made with the probe oriented at 90 
degrees relative to the fabric surface using a manual optical 
stage. All measurements were referenced to a PTFE (Teflon) 
diffuse reflection standard.

NanoQuest is based on Fourier transform infrared (FT-IR) 
technology. Its patented micro-electro-mechanical systems 
(MEMS) technology allows for a continuous-wave Michelson 
interferometer to be created monolithically on a MEMS chip, 
enabling detection of all wavelengths simultaneously across 
the 1350–2500 nm range.

In the NanoQuest software, optical resolution was set to 
8 nm (FWHM) and a custom gain setting was generated to 
optimize the signal-to-noise ratio for the measurement setup. 
Each sample was measured at five different locations with 
resulting spectral data pretreated by a second derivative with 
smoothing, and a standard normal variate (SNV) was applied. 
Principal component analysis (PCA) was applied to the dataset.

Results
The NIR spectra measured with the NanoQuest can easily 
discriminate among the different textile types. Figure 1 shows 
the reflectance spectra of the three textiles measured: cotton, 

nylon, and satin. Differences in the spectral profile for each 
sample can be seen readily, and the inset PCA plot shows 
distinct separation between the clusters for each textile sample.

Conclusion
The experiments clearly demonstrate that NIR spectra 
measured with the NanoQuest have unique features helpful to 
identify both natural and synthetic textiles. Application of PCA 
to the spectra further demonstrated the distinction among 
textile samples. Additional investigation may include testing 
unknown textile samples to correctly identify them.

In addition to authentication of textiles, polymers, and 
other materials, NanoQuest application areas include food 
and agriculture (soil analysis and soybean screening) and 
biomedical and life sciences (bodily fluids analysis).

Identifying Textiles with Extended-Range  
NIR Spectroscopy 
Yvette Mattley, PhD, Ocean Insight

Re�ectance Spectra Measured for Various Textiles

Wavelength (nm)

Sh
if

te
d

 R
e�

ec
ti

o
n 

(%
)

100% Cotton Nylon Satin

140

120

100

80

60

40

20

0
1250 1450 1650 1850 2050 2250 2450 2650

PC 1 (55.6 %)

P
C

 2
 (3

3.
4 

%
) 5

4
3
2
1
0

-1
-2

-2-3 -1 0 1 2 3 4

Figure 1: Comparison of three textile samples measured with 
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ter pretreatment by 2nd derivative and SNV.

Ocean Insight
3500 Quadrangle Blvd, Orlando, FL 32817.

Tel. +1 (727) 733-2447
Website: OceanInsight.com

http://www.oceaninsight.com


THE APPLICATION NOTEBOOK Molecular Spectroscopy

February 2021   Spectroscopy 36(2)  55www.spectroscopyonline.com

Glass Analysis
The standard procedure for the determination of the emissivity 
of glass involves single beam measurements of the glass sam-
ple, a reference mirror, and an empty background spectrum 
at 30 standard wavelengths. These wavelengths range from 
5.5 μm to 50 μm (1818–200 cm-1). The selected wavelengths 
are specified by three international standards: EN 673 (1),  
EN 12898 (2), and ISO 10292 (3). The ability of the PerkinElmer 
Spectrum 3TM (Figure 1) to measure in multiple regions of the 
infrared spectrum gives the user the potential to not only de-
termine the emissivity of glass, but investigate other properties 
demonstrated in the near-infrared region.

Experimental
A 3 mm-thick sample of float glass was measured using the 
PerkinElmer Spectrum 3 FT-IR spectrometer with the OMT 
Specular Reflectance set. For each of the glass, reference mir-
ror, and empty background, three measurements were made. 
The three spectral ranges used are shown in Table I.

The Spectrum 3 has the ability to scan the entire infrared 
range from near-infrared to far-infrared with automatic switch-
ing of optical components. The new “Merge” function in 
Spectrum 10™ may be used to combine spectra from different 
ranges to produce a single spectrum which covers the entire 
infrared region.

Results and Discussion
The merged spectra of the glass sample, the reference mirror, 
and the background spectrum are shown in Figure 2.

The emissivity of glass is determined from the reflectance at 
room temperature using equation 1.

εn = 1 – Rn                                  [1]
where εn is the emissivity at normal incidence, and Rn is 
the reflectance at normal incidence. The reflectance is 
calculated as an average of 30 spectral reflectance val-
ues measured at specified wavelengths between 5 and 
50 μm (1818.8–200.0 cm-1).

First, both the glass and mirror measurements are cor-
rected using the empty background spectrum. The re-
flectance is then determined at each wavelength by di-
viding the corrected glass value by the corrected mirror 
value. The overall reflectance is calculated by finding the 
mean of the reflectance at each of the 30 specified wave-

lengths. This may be carried out using the “equations” 
function of Spectrum 10 software or with an external data 
analysis application.

Using this calculation, the emissivity of the 3 mm float 
glass sample was found to be approximately 0.95, in 
agreement with the commonly accepted values for glass 
emissivity at room temperature (4).

In addition to emissivity calculations, the near-infrared 
region of the spectrum can also provide information 
regarding thermal transmittance. Glass designed spe-
cifically for absorbing heat will generally have a higher 
reflectance in the near-infrared region. For example, the 
standard 3 mm float glass shows low reflectance in the 
near-infrared region, and thus is not heat-absorbing glass.

Pharmaceutical Analysis
A pharmaceutical product which demonstrates strong spectral 
features in all three regions is clotrimazole, an anti-fungal med-
ication, the chemical structure of which is shown in Figure 3.

Experimental
A sample of clotrimazole was measured in all three regions 
of the infrared spectrum, using automatic switching of opti-
cal components. Measurements in the mid and far-infrared 

Tri-Range Applications of the  
Spectrum 3 Infrared Spectrometer
Kieran Evans, PerkinElmer

Figure 1: PerkinElmer Spectrum 3 FT-IR spectrometer.
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Figure 2: Tri-range spectra of glass (Red), a reference mir-
ror (Blue) and no sample (Black).
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regions were carried out using an ATR accessory, while mea-
surements in the near-infrared region were carried out using 
the NIRAII accessory.

Results and Discussion
The tri-range spectrum of clotrimazole is shown in Figure 4.

Having the ability to measure a pharmaceutical sample in all 
three ranges of the infrared region through Spectrum 3 allows 
analysts to simultaneously investigate multiple properties and 
obtain more significant information on the sample.

Industrial Antioxidant Analysis
One example of a material used across a wide range of indus-
tries is butylated hydroxytoluene (BHT). This is used as an anti-
oxidant in transformer oil, fuels, rubber, pharmaceuticals, and 

some food products. The chemical structure of BHT is shown 
in Figure 5.

Experimental
The PerkinElmer Spectrum was used to measure a sample of 
BHT in all three regions of the infrared spectrum. Measure-
ments in the mid and far-infrared regions were carried out us-
ing an ATR accessory, while measurements in the near-infrared 
region were carried out using the NIRAII accessory.

Results
A tri-range spectrum of BHT is shown in Figure 6.

As with other materials, different areas of the infrared spec-
trum of BHT serve different purposes. For example, the sharp 
peak at around 3700 cm-1 has been used for quantitative de-
termination of BHT in food samples such as edible oils (5). 

One previously mentioned use of BHT is as an antioxidant in 
rubber and other polymers. Far-infrared provides an incredibly 
useful tool for measurement of polymers due to strong inter-
molecular vibrations and weak intramolecular vibrations falling 
in this range. This region has been used to successfully quan-
tify BHT as an additive in polymer samples as lattice vibrations 
of some polymers fall between 50–100 cm-1 (6).
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TABLE I: Spectral Ranges used for sample measurement.

Range Mode Spectral Range (cm-1)

Far-Infrared 700 – 100

Mid-Infrared 5000 – 450

Near-Infrared 10000 - 5000
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For analysis of non-particulate solids, the diffuse 
reflection sampling technique may offer an easy, non-
destructive method for mid-infrared measurements. 
Spectral results of a polypropylene face mask 
collected via diffuse reflection and attenuated total 
reflection (ATR) were compared.

F ourier-transform infrared–attenuated total reflection 
(FTIR–ATR) sampling has become one of the most 

popular techniques for mid-infrared measurements. With 
its short pathlength, typically there is no sample preparation 
required. It is often thought of as non-destructive. However, 
when measuring non-particulate, solid samples by ATR, most 
often a high-pressure clamp is required to create intimate 
contact between the sample and ATR crystal surface, which is 
necessary for the collection of a high-quality spectrum. With 
applied pressures by the clamp of up to 10,000 psi, the clamp 
tip can leave a dimple in many softer, pliable samples.

In this application, the feasibility of measuring a 
polypropylene face mask by diffuse reflection as a non-
destructive alternative to ATR was investigated.

Materials and Methods
Mid-infrared spectra of a 3-ply polypropylene face mask were 
collected using two sampling techniques, ATR and diffuse 
reflection. The single-reflection MIRacle ATR was equipped 
with a germanium crystal plate. The UpIR accessory was used 
for the diffuse measurement, and a diffuse gold disk served as 
the background reference. Both accessories are manufactured 
by PIKE Technologies. Then 30 s of data were co-added for 
each measurement at a 4 cm-1 resolution.

Results
The optical layout of the UpIR is shown in Figure 1. Unlike other 
diffuse reflection accessories, the UpIR has a large collection 
mirror that is positioned underneath—rather than above—
the sampling platform, thereby allowing the sample to be 
placed face-down on top of the accessory. The UpIR is 23 
cm tall (excluding baseplate), and extends above most FT-IR 
spectrometers. The optical design and height make the UpIR 
an ideal tool for measuring larger samples.

Diffuse reflectance spectra may appear different from their 
transmission equivalent by exhibiting stronger-than-expected 

absorption from weak IR bands. A Kubelka-Munk (K-M) con-
version can be applied to a diffuse reflection spectrum to com-
pensate for these differences. This mathematical conversion is 
available in most FTIR software packages. Figure 2a and 2b 
show the spectrum before and after the K-M conversion, re-
spectively.

Comparing the face mask spectrum collected by diffuse 
reflection after the K-M conversion to the spectrum collected 
by ATR spectrum in Figure 2b, the fingerprint region of both 
techniques shows the characteristic bands of polypropylene, 
and are similar.

Conclusion
Mid-infrared diffuse reflection sampling may be a viable, non-
destructive option for measuring pliable solids.

Non-Destructive FT-IR Measurements via Diffuse 
Reflection Sampling
Jenni L. Briggs, PIKE Technologies

Figure 1: The UpIR diffuse reflection accessory and its 
optical design with simulated beam path.
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Confocal Raman microscopy is a powerful tool for 
analyzing the chemical composition of samples on 

the submicrometer scale. In the food industry, various 
ingredients, additives, and bio-polymers (such as emulsifiers, 
stabilizers, carbohydrates, or thickeners) are commonly used 
to optimize the texture or the flavor of food. The distribution 
and microstructure of the ingredients strongly influence 
the properties of the final product. Therefore, research and 
development, as well as quality control, require powerful 
analytical tools for studying the distribution of compounds 
in food. Raman imaging has proven to be an effective and 
versatile technique for food analysis (1,2).

3D Raman imaging
When Raman spectra are collected at each measurement point 
using a confocal microscope combined with a spectrometer, a 
Raman image can be generated that visualizes the distribution 
of the sample’s components. Due to the high confocality of 
WITec Raman systems, volume scans and 3D images can also 
be generated from a stack of 2D images acquired at different 
focal planes as shown in Figure 1.

Emulsions and fat spreads
Fat spreads such as butter or margarine are water-in-oil 
emulsions. The microstructure of fat spreads determines 
properties such as suppleness, texture, and spreadability. These 
traits, as well as stability, depend on the fat crystal network at 
the interface and the emulsifier, and are strongly influenced by 
the production process. Therefore, manufacturers of emulsions 
and fat spreads analyze their products in detail to understand 
the composition-process-structure-function relationships.

In a study from the Dutch company Unilever (3), van Dalen et 
al. describe the development of the hyperspectral data analysis 
of Raman images of fat spreads including data pre-processing 
and multivariate curve resolution (MCR). With confocal Raman 
imaging, they not only localized the molecular compounds in 
fat spreads, but could also relate the microstructure of spreads 
to their production processes. The results (Figure 2) show that 
water forms droplets in a continuum of sunflower oil, stabilized 
at the interface by an emulsifier (monoglycerides) and lipids 
in the crystalline phase. The lipid crystalline phase (solid fat) is 
also found in the continuous phase of the emulsion, forming a 
network between the different water droplets. The image on 

the right shows the competition/co-crystallization between the 
solid fat and emulsifier at the droplet interface. The authors of 
the study conclude “This method can be applied to a wide 
range of different food emulsions such as butter, margarine, 
mayonnaise, and salad dressings.”
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Raman Imaging for the Analysis of Food Products
WITec

Figure 1: A 3D Raman image of a honey droplet: This image 
was generated from 50 individual 2D confocal Raman imag-
es acquired along the Z-axis. It shows a pollen grain (green) 
and several crystalline phases of sugars (red, blue, cyan).
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Figure 2: Raman images of a water-in-oil emulsion: From 
left to right, the concentration of sunflower oil, water, solid 
fat, and emulsifier is shown in single images, with the high-
est concentrations in red and the lowest in dark blue. In the 
rightmost image, solid fat and emulsifier Raman signals are 
overlaid. Image parameters: 20 x 20 μm2, 86 x 86 pixels. Im-
ages courtesy of Gerard van Dalen and colleagues, Unilever, 
Vlaardingen, NL
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