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ATOMIC PERSPECTIVES

Analyzing Water Samples Using 
EPA Method 200.8 to Support the 
Lead and Copper Rule Revisions

In 1991, the United States Environ-
mental Protection Agency (EPA) 
published the Lead and Copper 
Rule (also known as LCR) with 
the aim to reduce exposure to 
lead and copper in drinking water.  
Two decades later, it promulgated 
the Lead and Copper Rule Revi-
sions (LCRR) to provide communi-
ties with the tools for preventing 
lead exposure. This article details 
the use of current inductively cou-
pled plasma–mass spectrometry 
(ICP–MS) instrumentation in accor-
dance with EPA Method 200.8 and 
the new requirements of the LCRR. 

Hamed Ataee-Esfahani, Andrew Fornadel, Jonathan Peters, and Ruth Marfil-Vega 

Lead and copper are elements 
that can enter drinking water 
through plumbing sys tems 

and cause a wide range of health 
problems (1–5). The lead crisis in 
Flint, Michigan, introduced a public 
health crisis of life-long impact to the 
children and families affected; it also 
triggered greater concerns about 
overall water quality. In early 2021, 
two decades after the publication 
of the Lead and Copper Rule (LCR), 
the U.S. Environmental Protection 
Agency (EPA) promulgated the Lead 
and Copper Rule Revisions (LCRR), 
although the effective date for the 
new regulation is not yet established. 
The changes in LCRR focus on iden-
tifying areas most impacted by lead 
contamination, increasing sampling 
and analysis in facilities serving vul-
nerable populations (like schools and 
childcare facilities), and strengthen-
ing treatment requirements with the 
introduction of a new trigger level of 
10 µg/L for lead, lower than the action 
level of 15 µg/L that will remain in the  
revised rule.

EPA Method 200.8
EPA Method 200.8 is one method 
approved to determine trace met-
als in water, including lead and cop-

per by using the inductively coupled 
plasma–mass spectrometry (ICP–MS) 
technique (6–8). The EPA method 
was published more than 25 years 
ago. Since then, new features have 
been introduced in the design of 
ICP–MS instrumentation to simplify 
operation and improve performance.  
An example of new technology de-
veloped since EPA Method 200.8 was 
published is the implementation of 
collision cell technology. Because it 
was not available at the time of re-
leasing EPA Method 200.8, collision 
cell technology is not currently per-
mitted to remove polyatomic interfer-
ences. Alternatively, correction equa-
tions can be used to minimize the 
effect of this type of interferences. 
In addition, a correction equation is 
specifically required for determin-
ing lead in water. Various isotopes of 
lead are the final products of the ra-
dioactive decay of heavier elements 
(uranium, for example) and the ratio 
between lead isotopes is depen-
dent on the source of origin (9,10).  
Hence, the sum of the signals for all 
lead isotopes is used for analyzing 
lead, according to EPA Method 200.8.

In this study, we demonstrate that 
elemental analysis of drinking water 
samples can be performed with cur-
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rent ICP–MS technology to meet all 
the EPA quality assurance (QA) crite-
ria established in EPA Method 200.8, 
while supporting the LCRR with the 
newly proposed trigger level for lead  
(10 µg/L).

Materials and Methods
Reagents
Deionized (DI) water with resistivity higher 
than 18.2 MΩ∙cm and trace metal grade 
nitric acid (67–70%, w/w VWR Chemi-
cals) were used as primary reagents for 
standards preparation. The EPA 200.8 

package of multielement standards 
(Inorganic Ventures) was used to pre-
pare calibration standards and internal 
standard solutions. All drinking water 
samples from different sources were 
acidified with nitric acid to a concen-
tration of 2% v/v.

Instrumentation
An ICP–MS Model 2030 equipped 
with a AS-10 Autosampler (Shimadzu 
Scientific Instruments) was used for 
all analyses. Inline addition of inter-
nal standards to calibration and un-

known samples was accomplished 
using a Glass Expansion inline inter-
nal standard addition kit. Operational 
parameters of the ICP–MS are listed 
in Table I.

Instrument Tuning and Calibration 
The instrument was tuned to op-
timize system parameters prior to 
analysis using an ICP–MS tuning so-
lution to ensure correct torch posi-
tion, lens voltages, and mass resolu-
tion. Following tuning, the status of 
the instrument was evaluated using 
the EPA Method 200.8 tuning solu-
tion. The mass resolution at low and 
high masses was evaluated by mea-
suring magnesium isotopes (24Mg, 
25Mg, and 26Mg), and lead isotopes 
(206Pb, 207Pb, and 208Pb) respectively 
to ensure an acceptable resolution 
(approximately 0.75 amu) could be 
achieved. The stability of the instru-
ment was also evaluated by mea-
suring five replicates of the tuning 
solution; relative standard deviation 
(RSD) of recorded signals for beryl-
lium, cobalt, indium, magnesium, 
and lead below 5% demonstrated 
acceptable stability. 

After successful tuning and perfor-
mance evaluation, the instrument was 
calibrated for the elements of inter-
est (included in Table II). Appropriate 
calibration standards were selected 
for each analyte to cover the required 
analysis range; the specific concen-
trations for each analyte are shown 
in Table II. An internal standard so-
lution containing yttrium, scandium, 
indium, and bismuth was added to all 
samples using an inline internal stan-
dard addition kit, with dilution factor 
of 1:10. The final concentration of the 
internal standards was 50 µg/L. 

Although modern ICP–MS instru-
ments, including the one used in this 
study, are equipped with a collision 
cell to effectively remove polyatomic 
interferences, the collision cell tech-
nology is not currently accepted by 
EPA Method 200.8. Therefore, cor-
rection equations were used as an 
alternative method to compensate for 

TABLE I: Operating parameters of the ICP-MS instrument used in this study

Parameter Setting Parameter Setting

Radio frequency power 1.20 kW Plasma gas 8.0 L/min

Sampling depth 5.0 mm Auxiliary gas 1.10 L/min

Spray chamber temperature 5 °C Carrier gas 0.70 L/min

Total integration time 2 s Number of repetitions 3

TABLE III: The list of correction equations

Analyte Isotope (amu) Correction Equation

As 75 As 75 – 3.127 * [ArCl 77 – (0.815 * Se 82)]

Cd 111 Cd 111 – 1.073 * [MoO 108 – (0.712 * Pd 106)]

Pb 208 Pb 208 + Pb 207 + Pb 206

V 51 V 51 – 3.127 * [ClO 53 – (0.113 * Cr 52)]

TABLE II: Analytical elements and their corresponding measurement parameters

Element Mass Internal 
Standard

Calibration 
Range (µg/L)

Scan Time 
(Sec)

Number 
of Scans

As 75 Y (89) 0–100 0.2 10

Be 9 Sc (45) 0–100 0.2 10

Cd 114 In (115) 0–100 0.2 10

Co 59 Sc (45) 0–100 0.2 10

Cr 52 Sc (45) 0–100 0.2 10

Cu 63 Sc (45) 0–100 0.2 10

Ni 60 Sc (45) 0–100 0.2 10

Pb 208 Bi (209) 0–100 0.2 10

Se 82 Y (89) 0–500 0.2 10

Th 232 Bi (209) 0–100 0.2 10

Tl 205 Bi (209) 0–100 0.2 10

U 238 Bi (209) 0–100 0.2 10

V 51 Sc (45) 0–100 0.2 10
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 potential interferences. In the case 
of lead measurement, the sum of the 
signals from all three lead isotopes 
(206Pb, 207Pb, and 208Pb) are mea-
sured by applying appropriate cor-
rection equation to negate naturally 
occurring variations in the isotopic 
ratios between calibration standards 
and samples. All correction equa-
tions used in this study are shown in  
Table III.

Results and Discussions
Initial Demonstration of Performance 
Calibration of the instrument for 
quanti f icat ion of lead and other 
analytes of interest was performed 
by  t h e  c rea t io n  o f  c a l i b r a t io n 
cur ves using external s tandards. 
EPA Method 20 0.8 does not in -
c lude specif ic quali t y assurance 
cr iter ia for determining the suit-
abi l i t y  of  the cal ibrat ion cur ve.  
However, for this work, calibration 
curves were accepted when linear 
regression values (r2) of ≥0.995 were 
achieved. As shown in Table IV, all 
calibration curves show excellent 
linearity across the respective cali-
bration range with r2 values higher  
than 0.998. 

The linear dynamic range (LDR), 
instrument detection limits (IDL), 
and method detection limits (MDL) 
were established to validate instru-
ment performance according to EPA 
QA criteria included in EPA Method 
200.8 before the samples were ana-
lyzed. The LDR is determined by 
analyzing a ser ies of samples at 
concentrations higher than calibra-
tion range to determine at which 
concentrations they fall out of ±10% 
of their expected concentration. 
LDR results are listed in Table IV.  
The values for lead and copper are 20 
and 40 mg/L, respectively. 

The IDLs are calculated as three 
times the standard deviation of 10 
replicate measurements of a calibra-
tion blank. According to EPA Method 
200.8, MDL is defined as the minimum 
concentration of an analyte that can 
be measured and reported with 99% 

confidence level. The MDLs are calcu-
lated by the equation 1 below:

 MDL = t × S                     [1]

where t is the t-distribution value for a 
confidence level of 99% that is 3.14 for 
a sample size of 7 and S is the stan-
dard deviation of 7 replicate analyses. 
Each analyte was spiked into 2% nitric 
acid solution at a concentration from 
two to five times the IDL. 

For calculating the IDLs and MDLs, 
each replicate was measured as an 
unknown or calibration sample; three 
measurements were carried out for 
each replicate. IDL and MDL for all 
analytes are shown in Table IV. IDL 
and MDL for lead are 0.014 µg/L and 
0.03 µg/L, respectively. For copper, 
the IDL is 0.003 µg/L and the MDL 
is 0.008 µg/L. IDL provides an esti-
mation of the sensitivity of an instru-
ment based on its condition at the 
time of acquiring the data; results 
are heavily impacted by numerous 
fac tors, such as instrument age, 
maintenance record, and system 
cleanliness. For the practical pur-
pose of reporting data in support 
of the requirements of LCRR, MDL 
is a more relevant parameter than 

IDL, because impact of sample ma-
trix is considered in the calculation.  
The LCRR introduces a new trigger 
value for lead of 10 µg/L. Water utili-
ties will have to modify water treat-
ment if lead exceeds the tr igger 
level. Therefore, laboratories will 
have to provide reliable results of 
lead concentrations several orders 
of magnitude lower than 10 µg/L for 
utilities to be able to plan and re-
spond to the level of lead in drinking 
water. As seen in Table IV, the MDL 
calculated for lead in this work easily 
meets this requirement.

Samples Analysis and 
Post-Analysis Validation
Table V shows concentrations of 
elements in the original samples 
and spiked samples for a blank 
and three dif ferent water samples.  
The spike and recovery method are 
used to validate the results and en-
sure reliable instrument performance. 
The spiked concentration was 100 
µg/L for selenium and 20 µg/L for all 
other analytes. The recovery is calcu-
lated by the following equation 2: 

Recovery (percent) =            × 100
Cs-C

s [2]

TABLE IV: Method 200.8 calibration linear regression values (r2) and instru-
ment detection limit (IDL), method detection limit (MDL), and upper linear 
dynamic range (LDR) values

Element Calibration r2 IDL (µg/L) MDL (µg/L) Upper LDR (mg/L)

As 0.99962 0.0166 0.023 20

Be 0.99988 0.0004 0.018 40

Cd 0.99996 0.0057 0.017 40

Co 0.99950 0.0002 0.024 20

Cr 1.00000 0.0102 0.016 20

Cu 0.99986 0.0032 0.008 40

Ni 0.99972 0.0090 0.011 40

Pb 1.00000 0.0142 0.030 20

Se 0.99988 0.0929 0.111 100

Th 0.99882 0.0001 0.012 40

Tl 0.99990 0.0002 0.011 40

U 0.99864 0.0001 0.012 40

V 0.99992 0.0023 0.032 20
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where C and Cs are concentration of 
sample and fortified (spiked) samples 
respectively, and s is the concentra-
tion equivalent of added analyte to 
the fortify sample.

The spike and recovery tests for 
all analytes fell within the acceptable 

range of 90–110% of the spiked values.  
All relative standard deviations (RSD) 
were also below 5%, further demonstrat-
ing the validity of the methodology and 
the high level of precision for the rou-
tine analysis of lead and other metals in  
water samples. 

The stabilit y of the instrument 
was evaluated by analyzing a series 
of known samples repeatedly for 10 
h to demonstrate deviation of sig-
nal intensities. A total of 120 sam-
ples were analyzed during this pe-
riod of time. Stable operation of an  

TABLE V: Concentrations of elements in µg/L in original samples and spiked samples for three different water samples 
as well as recovery yields

Sample As Be Cd Co Cr Cu Ni Pb Se Th Tl U V

Blank

Mean 
value n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

RSD
(n = 3) ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----

Spiked 
Blank
(QA/
QC)

Mean 
value 19.3 19.7 19.9 21.7 20.8 20.5 19.2 19.5 99.0 20.7 19.2 20.8 19.7

RSD
(n = 3) 1.34 1.94 3.42 2.33 2.9 2.12 2.95 3.17 2.88 2.93 4.90 2.15 3.16

Recovery (%) 96.5 98.5 99.5 108.5 104 102.5 96.0 97.5 99 103.5 96 104 98.5

Water 
Sample 
1

Mean 
value 0.209 n.d. n.d. 0.03 0.653 28.1 0.44 0.163 0.244 n.d. n.d. 0.011 0.309

RSD
(n = 3) 1.3 ---- ---- 3.53 4.82 0.52 3.71 1.77 1.99 ---- ---- 3.68 2.16

Spiked 
Sample

Mean 
value 20 18.4 19.3 20.6 20.8 48.3 18.6 19.8 100 21.0 18.8 21.0 19.9

RSD
(n = 3) 2.12 2.61 3.32 1.83 2.73 0.30 0.88 2.42 2.90 0.54 2.52 1.70 1.78

Recovery (%) 98.9 92.0 96.5 102.8 100.7 101 90.8 98.2 99.8 105 94 104.9 98

Water 
Sample 
2

Mean 
value 0.223 n.d. n.d. 0.0940 0.853 4.13 0.527 n.d. 0.235 n.d. n.d. 0.012 0.684

RSD
(n = 3) 2.51 ---- ---- 3.69 1.69 2.45 1.6 ---- 4.45 ---- ---- 4.18 1.56

Spiked 
Sample

Mean 
value 20.3 20 19.8 21.2 21.3 23.3 19.2 19.9 104 21.9 19.5 22.0 20.2

RSD
(n = 3) 2.64 2.43 2.97 2.40 2.28 1.85 1.59 3.64 1.95 2.18 3.68 3.81 3.56

Recovery (%) 100.3 100.0 99 105.5 102.2 95.8 93.4 99.5 103.8 109.5 97.5 109 97.6

Water 
Sample 
3

Mean 
value 0.220 n.d. n.d. 0.072 0.850 3.47 1.04 n.d. n.d. n.d. n.d. 0.012 0.234

RSD
(n = 3) 2.62 ---- ---- 2.55 3.69 2.44 4.84 ---- ---- ---- ---- 0.55 4.89

Spiked 
Sample

Mean 
value 19.7 20.4 19.5 20.3 20.6 22.2 19.5 19.4 102 21.2 19.0 21.2 19.6

RSD
(n = 3) 3.25 0.66 2.12 1.44 2.52 4.10 3.5 2.20 0.60 1.10 1.75 2.84 3.3

Recovery (%) 97.4 102.0 97.5 101.1 98.75 93.7 92.3 97 102 106 95.0 105.9 96.8
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ICP–MS instrument is critical once the 
LCRR is implemented because addi-
tional monitoring of schools, child-
care facilities, and other sectors, will 
be required. As shown in Figure 1,  
the recoveries for all analytes are 
extremely stable and within ±10% re-
covery threshold over a 10-h period, 
demonstrating the capability of the 
instrument to provide precise results 
over typical operational times in  
environmental laboratories.

Conclusions
Drinking water samples were success-
fully analyzed by ICP–MS according 
to current technology. The detection 
limit (IDL and MDL) were calculated 
for all analytes and three water sam-
ples were analyzed to demonstrate 
method performance. The spiked-
recovery tests showed all values were 
in the acceptable range of 90–110% 
with all RSDs below 5%. The MDL for 
lead was >300 times lower than the 
newly introduced trigger level of 10 
µg/L; this provides laboratories and 
water utilities a large concentration 
range for anticipating and respond-
ing to high levels of lead in drink-
ing water. Stable responses were 
also obtained for all analytes over 
a 10-h period, demonstrating the 
stability of instrument over a typi-
cal operation conditions in environ-
mental laboratories. Consequently, 

laboratories will be able to accom-
modate increasing sample loads 
without additional downtime for  
instrument maintenance.

The sensitivity, precision, durability, 
and accuracy obtained for determin-
ing lead in drinking water according to 
EPA Method 200.8 validates the suit-
ability of the current ICP–MS instru-
mentation used in this study to suc-
cessfully support the new demands 
and challenges the implementation of 
LCRR will pose to water utilities and 
the laboratories working with them.
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IR SPECTRAL INTERPRETATION WORKSHOP

Spectral Subtraction

Mixture analysis by infrared (IR) spec-
troscopy can be difficult. Amongst the 
tools that simplifies the process is spec-
tral subtraction. In spectral subtraction, 
the spectrum of a pure component is 
subtracted from the spectrum of a mix-
ture, ideally removing the contribution 
of that component from the mixture. 
This allows peaks from other compo-
nents to be seen easily and helps im-
prove library search results. The proper 
way to perform spectral subtraction, 
and the pitfalls to avoid, are discussed 
in this article.

Brian C. Smith 

Perhaps the biggest practical 
problem with infrared (IR) spec-
troscopy is its struggle to determine 

the components in a mixture. Spectral 
subtraction is one of the tools we have 
in our arsenal to combat this problem. 
Spectral subtraction allows users to re-
move the spectral contribution of known 
components from a mixture spectrum so 
the spectra of unknown components can 
be seen more clearly. I discuss how sub-
tractions work, the proper way to perform 
them, and the pitfalls to avoid.

The Thorny Problem 
of Mixture Analysis
Mixtures present a problem for IR spec-
troscopy because the more complicated 
the chemical composition of a sample,  
the more peaks there are in a spectrum 
and the more difficult it becomes to figure 
out what peaks belong to what molecules. 
One of the tools that is useful in mixture 
analysis is library searching, which we dis-
cussed in the last column (1). Another tool 
is spectral subtraction, which is discussed 
in this article. 

Theory and Background
The purpose of spectral subtraction is 
to remove the contributions of known 
components from a mixture spectrum so 
that the peaks of other components can 
be seen more clearly. An example of the 
power of spectral subtraction is seen in 
Figure 1.

The bottom spectrum in Figure 1 is 
of glutamine, an amino acid, dissolved 
in water. The spectrum of pure water 

is in the middle of Figure 1. A compari-
son of these two spectra shows that 
the peaks from water dominate both 
spectra, and that the peaks from gluta-
mine are difficult to see in the mixture 
spectrum. However, after performing 
a subtraction, the contribution of the 
water peaks was minimized, and there 
are clearly glutamine peaks in the 1600–
1000 cm-1 range seen in the top spec-
trum in Figure 1. These peaks would 
help determining that glutamine is pres-
ent if this were an unknown spectrum.

The algorithm behind spectral sub-
traction for this example is relatively 
sample as such:

(Glutamine + Water) – (Water) = Glutamine
[1]

with the idea being that a spectrum of 
glutamine and water will produce a spec-
trum of glutamine once the spectrum of 
water is subtracted from it. In the parlance 
of spectral subtraction, in this example 
the mixture spectrum is called the sam-
ple spectrum and the water spectrum is 
called the reference spectrum. Generally, 
the reference spectrum is of a pure sub-
stance that we know is present in a mix-
ture. In this case, identifying the presence 
of water was simple from the spectra. In 
other cases, the reference material can be 
identified via spectral interpretation (2),  
library searching (1), or other knowledge of 
the sample. The result of subtracting the 
reference spectrum from the sample spec-
trum is called the result spectrum. Thus, the 
general formula for spectral subtraction is:
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Sample – Reference = Result                         [2]

When two spectra are subtracted, the absorbance (AU) of 
the reference spectrum at each wavenumber is subtracted from 
the absorbance of the sample spectrum at each wavenumber.  
For example, if the sample spectrum has an absorbance of 0.5 
at 3000 cm-1, and the reference spectrum has an absorbance of 
0.3 at this wavenumber, the result spectrum will have an absor-
bance of 0.2 at 3000 cm-1. You can think of a results spectrum as 
being a plot of the absorbance difference between two spectra  
versus wavenumber.

The spectral subtraction process assumes that the spectra 
used follow Beer’s law, which means there is a linear relation-
ship between absorbance and concentration as such (3):

A = ɛlc                                         [3]

where A is absorbance units (AU), ɛ is absorptivity, l is pathlength, 
and c represents concentration. If this relationship is not followed, 
the subtraction process may not go smoothly.

Subtraction Factor to the Rescue!
In a perfect universe, the peaks of the reference material would be 
identical in size and shape in the sample and reference spectra as 
seen to the left in Figure 2. 

In this situation where the two peaks being subtracted are 
perfect overlays, the result in this wavenumber region will be 0 
absorbance units and appear as a flat line because absorbances 
in each spectrum are the same. This is how the contribution of 
the reference material is removed from the sample spectrum.

However, typically the size of the reference material peaks in 
the sample and reference spectra will be different as seen to the 
right in Figure 2. This is caused by differences in pathlength and 
concentration between the sample and reference (3). For exam-
ple, the absorbance of pure water at 1630 cm-1 seen in Figure 1 is 
1 AU, whereas the size of this peak in the sample spectrum seen 
in Figure 1 at this same wavenumber is 0.96 AU. This happened 
because a solute dilutes a solvent when a solution is made.  
In this case, the concentration of water in a glutamine–water 
solution is less than in pure water. This results in the water peaks 
being different sizes in the two spectra, similar to the situation 
to the right in Figure 2. In this case, when the subtraction is per-
formed, there will be a peak from the reference material in the 
result equal in size to the difference in absorbance between the 
two spectra. In our glutamine–water example, the peak size at 
1630 cm-1 in the result will be 0.96 − 1.0 = -0.04 AU.

It is rare for the reference peaks in the sample and reference 
spectra to be coincidentally the same size, which means the sub-
traction process will frequently produce unwanted reference peaks 
in the result spectrum. What can we do about this? Fortunately, 

Acid Vapor Cleaning System
VC Ultra

Savillex’s VC Ultra Acid Vapor Cleaning System offers labs performing microwave 
sample preparation a safe, efficient and user-friendly alternative for cleaning 
microwave digestion vessels and other labware.
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we can make use of what is called a sub-
traction factor, or sometimes a scale factor,  
to solve this problem. The subtraction fac-
tor is a number that is multiplied by the 
absorbances in the reference spectrum to 
scale it so the reference peaks in the two 
spectra are the same size. In other words, 
use of a subtraction factor can take the un-
wanted situation seen to the right in Figure 
2 and give us overlapped peaks as seen to 
the left in Figure 2.

Using the subtraction factor means 
the subtraction formula now looks like 
this:

(Sample) – (Subtraction Factor)(Reference) 
= Result           [4]

and if you look closely in the upper left 
hand corner of Figure 1, you can see 
the formula that was used to calculate 
this subtraction result:

Result = (Glutamine + Water) – (0.96)(Water)               
[5]

where 0.96 is the subtraction factor. In this 
case, the absorbances in the water spec-
trum were multiplied by 0.96 to scale them 
so they matched the water absorbances in 
the sample spectrum. 

Setting the Subtraction
Factor Properly
It is the user’s job to set the subtraction 
factor properly. This is typically an in-
teractive process using trial subtraction 
factors wit the result spectrum displayed 
for analysis. The subtraction factor may 
be changed via scroll bars, button clicks, 
or by typing in values. How does one 
know when the correct subtraction fac-
tor has been used? A simple example is 
shown in Figure 3. 

The bottom peak of Figure 3 is from a 
reference spectrum with a peak height 
of 0.065 AU, whereas the top spectrum 
is the same peak in the sample spec-
trum with a peak height of 0.13 AU. 
Using a subtraction factor of 2.0 would 
make the heights of the two peaks 
both equal to 0.13, and upon subtrac-
tion, the result would be 0.0 AU in this  
spectral region.

What criteria then should you use to set 
the subtraction factor?
• Compare the sample and reference 

spectra to each other, looking for peaks 
present in both spectra with heights of 
0.8 AU or less. This is because in gen-
eral peaks this size or smaller follow  
Beer’s law, whereas peaks bigger than 
this may not (3).

• Adjust the subtraction factor until the 
chosen reference peaks are flat with 
baseline, that is at 0.0 AU.

• Compare the reference spectrum to 
the result to identify any unsubtracted  
reference bands.
Note in this process that the sample is 

compared to the reference, the subtrac-
tion factor is set, and then the reference 
is compared to the result. As an example, 
the water spectrum at the bottom of Figure 
1 was multiplied by a subtraction factor of 
0.96, which was then subtracted from the 
sample spectrum to produce the result 
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seen at the top of the figure. In Figure 1, 
the reference peak used was the water 
scissors vibration peak at 1630 cm-1  
as indicated.

Generally, the best results are ob-
tained with subtraction factors in the 
neighborhood of 1. If you need large 
positive or negative subtraction factor 
values for a subtraction to work, you 
should consider remeasuring the ref-
erence spectrum so its absorbances 
more closely match those of the refer-
ence material in the sample spectrum.  
What if there are multiple reference 
bands that can be subtracted? In this 
case, keep an eye on one or more of the 
peaks while adjusting the subtraction 
factor. Ideally, they will all go to 0.0 AU 
at the same factor. However, if this does 
not happen, you can use a subtraction 
factor that minimizes the absorbance of 
most of the reference peaks. If there is a 
specific spectral region of importance, 
choosing reference peaks in this region 
will optimize the result quality there. 

The Goldilocks Effect
You may have heard the tale of Goldilocks 
and the Three Bears as a child (4). In one ver-
sion of this tale, Goldilocks enters the Three 
Bears’ house while they are away (could she 
be charged with felony breaking and enter-
ing?). In short order, she tries three chairs, 
three bowls of porridge, and three beds, 
and in all cases declares the one in the 
middle is “just right” in terms of comfort, 
temperature, and hardness. Maybe Goldi-
locks was looking for balance in her life? 
This tendency for things in the middle to 
be just right is enshrined in an astronomy 
principle called the Goldilocks principle (5), 
where a planet that is at the right distance 
from its star to have a temperature condu-
cive to the development of intelligent life is 
said to be in the “Goldilocks zone.”

An example of subtraction factors show-
ing the Goldilocks effect, where the fac-
tors are too big, too small, and just right, is 
shown in Figure 4.

The spectra shown are the result of 
subtracting a reference spectrum of pure 
polystyrene from a spectrum of a mixture 
of polystyrene and another polymer. In the 
top spectrum, the subtraction factor of 0.5 

is too small, resulting in reference peaks in 
the result pointing up. In the middle spec-
trum the subtraction factor was 1.8, which is 
just right because it gives reference peaks 
flat with the baseline in the result. In the 
bottom spectrum, the subtraction factor 
of 2.2 was too big, giving a result with ref-
erence peaks pointing down. 

The lesson here is that it is incumbent 
upon the user to follow the process dis-

cussed above to set the subtraction prop-
erly to obtain the best results.

There’s More! It Even Works 
on Overlapped Peaks!!
We have established the utility of spec-
tral subtraction for allowing us to ana-
lyze mixture spectra. But what about 
spectra where reference peaks overlap 
sample peaks? Spectral subtraction can 
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work even in these cases as illustrated in  
Figure 5.

In the bottom spectrum of Figure 5, 
there are two sets of peaks where the 

sample and reference peaks overlap; spe-
cifically, 1081 and 1015 cm-1 are sample 
peaks, and 1070 and 1027 cm-1 are refer-
ence bands. In the top spectrum, the two 

reference bands in this spectral region have 
been successfully subtracted out, leav-
ing the sample peaks clearly visible and  
mostly unaffected.

Subtraction Artifacts
A problem with performing a subtraction 
is that the result will have more spectral 
noise in it than either the sample or ref-
erence spectra, as seen at the top of 
Figure 1. This means that you should 
only subtract spectra with a good sig-
nal-to-noise ratio so as to minimize the 
noise in the subtraction result. How to 
optimize spectral quality in IR spectros-
copy is discussed in my book on Fourier 
transform infrared (FT-IR) spectroscopy 
(6). Subtraction results also suffer from 
two types of artifacts, unsubtracted ref-
erence bands and derivatives. 

Unsubtracted Reference Bands
An example of an unsubtracted refer-
ence band is seen in Figure 6 at 690 cm-1.

Unsubtracted reference bands occur 
when the peaks being subtracted do not 
follow Beer’s law (3). This is a problem for 
larger peaks, which is why ideally only 
peaks at 0.8 AU or less should be used 
to set the subtraction factor. We spot 
unsubtracted reference bands by com-
paring the result and reference spectra 
to each other and note where there are 
common peaks as seen in Figure 6. Un-
fortunately, we cannot force a spectrum 
to follow Beer’s law, so the only way to 
deal with unsubtracted reference bands 
is to learn to recognize and ignore them.

Derivative Shaped Bands
An example of a derivative shaped band is 
seen in Figure 7.

The sample spectrum is of the material 
Sepharose dissolved in water. The refer-
ence spectrum is of pure liquid water.  
Note that in its pure form there is a water 
peak at 1630 cm-1, but in the spectrum of 
the sepharose solution, this water peak has 
shifted to higher wavenumber and now ap-
pears at about 1640 cm-1. Why does water 
have different peak positions in these 
cases? It is because of what I call the 
dirty little secret of infrared spectros-
copy, that spectral features are matrix-
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sensitive. That is, changes in variables 
such as temperature, pressure, pH, 
and composition can impact spectral 
appearance because the absorptivity 
is sensitive to these variables (3). In 
Figure 7, the interaction of the sepha-
rose molecules with the water causes 
water’s peak position to shift.

Note in Figure 7 that to the left, 
the absorbances of the mixture are 
greater than those of the reference. 
Thus, the subtraction result is posi-
tive, giving a positive lobe in the re-
sult spectrum seen in the bottom of  
the figure. At the point indicated 
where the two spectra cross, they 
have the same absorbance, hence 
the subtraction result at this wave-
number is 0.0 AU. Lastly, to the right 
the sample absorbances are smaller 
than the reference absorbances, 
which is why there is a negative lobe 
in the result. Thus, the result goes 
above zero, crosses zero, and then 
goes below zero-which what the first 
derivative of an absorbance peak 
looks like (6). Hence, the term deriva-
tive shaped band is used to describe 
these features in subtraction results.  
Because the matrix effects that cause 
peak shifts cannot be avoided, there 
is nothing that can be done about de-
rivative-shaped peaks except learning 
to recognize and ignore them.

Is Spectral Subtraction Legitimate?
I frequently teach spectral subtrac-
t ion to forensic sc ientis t s. Their 
concern, born of experience deal-
ing with clever defense attorneys, is 
that since the subtraction factor is 
a user adjustable parameter, it can 
be arbitrarily set to obtain whatever 
results are desired. In other words, 
is spectral subtraction scientifically 
legitimate?

The way I rebut this is to point out 
that the sample spectrum contains 
contributions from the reference 
material and other components. 
When performed properly, the refer-
ence material peaks will be absent 
from the result spectrum, allowing 
users to more clearly see that which 

was already present in the spec-
trum. For this reason, spectral sub-
traction is scientifically legitimate.  
Of course, the magic words here 
are “…when performed properly.”  
However, now that you have read this 
column, you now know how to use 
spectral subtraction properly.

Conclusions
Spectral subtraction is a useful and 
legitimate way of allowing users to 
analyze mixture spectra. The pro-
cess involves subtracting a reference 
spectrum of a pure material present 
in a sample from the spectrum of a 
mixture to obtain a result spectrum.  
Typically, a subtraction factor is mul-
tiplied times the reference spectra 
absorbances to compensate for dif-
ferences in reference material peak 
heights between sample and refer-
ence spectra, improving subtraction 
results. How to properly set the sub-
traction factor was discussed. We also 
showed that subtraction works well on 
overlapped peaks. Subtraction results 
suffer from increased noise, unsub-
tracted reference bands, and derivative 
shaped peaks. There is not much to be 
done about these except to learn to 
recognize them and ignore them.
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Raman Spectroscopy in the  
Detection of Breast Cancer 
John Chasse

To explore the feasibility and 
reliability of using the Raman 
signature of aromatic amino 

acids as a marker in the detection of the 
presence of breast cancer, and perhaps 
even predicting cancer development in 
very early stages of onset, Rina Tannen-
baum and her colleagues at Stony Brook 
University in Stony Brook, New York, col-
lected the most recent and relevant lit-
erature where Raman spectroscopy was 
used as an analytical tool in the evalua-
tion of breast cell lines and breast tissue.  
They then extracted the relevant Raman 
spectra from each paper, processed and 
normalized them, and then re-analyzed 
them. All spectral bands from each re-
analyzed spectrum indicative of aromatic 
amino acids were plotted without bias to 
determine whether a pattern shedding 
light on a possible diagnostic classifica-
tion could be detected. Tannenbaum 
discussed her findings, and the paper 
resulting from them (1), with Spectroscopy. 

What is special or meaningful about 
aromatic amino acids as a marker 
for breast cancer, and why is Raman 
spectroscopy useful for detecting 
them? What motivated you to focus 
on this specific application?
Raman spectroscopy is a non-destructive 
and sensitive technique for exploring the 
structure and chemical composition of 
biological materials and could be a very 
effective tool for the delineation of cancer 
tissue, histological analysis of biopsies, in 
vivo detection of tumors, and intraop-
erative imaging. Raman spectroscopy is 
based on the inelastic scattering of mono-
chromatic infrared light upon interaction 
with molecular vibrations, phonons, and 
other excitations, generating shifts in the 

energy of the incident light. The shift in 
energy gives information about the vi-
brational modes of the molecules in the 
system. Each molecule in a given sys-
tem exhibits a precise set of vibrational 
modes, depending on their chemical 
composition, chemical environment, and 
spatial organization. These vibrational 
modes constitute the fingerprints of the 
given system and allow the identification 
of molecular species in the system and 
their interactions. Raman microscopy 
for biological and medical specimens 
generally uses near-infrared (NIR) lasers 
(785 nm), which reduces the risk of dam-
aging the specimen by applying higher 
energy wavelengths and practically  
eliminates fluorescence.

Aromatic amino acids have a rigid, pla-
nar structure and possess added stabil-
ity due to the π-electron cloud situated 
above and below the plane of the aro-
matic ring. The aromatic amino acids can 
undergo aromatic-aromatic interactions, 
consisting of hydrogen bonding coupled 
with attractive, noncovalent, dipole, and 
van der Walls interactions and pi-stacking 
of the benzene rings. These aromatic-ar-
omatic interactions have been found to 
play an important role in the stabilization 
of the overall structure of protein mole-
cules and protein-DNA/RNA complexes 
and constitute a crucial element in the 
proper functioning of protein molecules, 
which in turn impacts various cellular pro-
cesses in which these proteins take part.

To be able to assess your hypothesis, 
you collected most recent and rele-
vant literature in which Raman spec-
troscopy was used as an analytical 
tool in the evaluation of breast cell 
lines and breast tissue, re-analyzed 

all the Raman spectra, and extracted 
all spectral bands from each spec-
trum that were indicative of aromatic 
amino acids. Was there any specific 
“common ground” in that literature 
that stood out?
At first glance, there did not seem to exist 
a specific “common ground” among the 
various publications, other than the com-
monality of the presence of the charac-
teristic Raman bands of the aromatic 
amino acids. However, once all the band 
intensities had been normalized and plot-
ted together, various patterns started to 
emerge. We applied various statistical 
methods to analyze the large number of 
data points that we obtained, and ob-
served that irrespective of the frequency 
of the incident infrared light or the spe-
cific Raman measurement techniques, 
the presence of aromatic amino acids was 
predominantly higher in samples originat-
ing from breast cancer cells or tissues. 

What conclusions that you have 
come to so far in your research?
It has been observed in recent years 
that various types of cancers exhibit an 
overexpression of aromatic amino acids. 
Because aromatic amino acids play im-
portant roles in a variety of metabolic 
processes, as well as key functions in the 
structural integrity of cellular and mem-
brane proteins, these anecdotal observa-
tions regarding their enhanced presence 
in cancerous tissues have prompted more 
dedicated and targeted inquiries. The 
applicability of Raman spectroscopy as a 
diagnostic tool in the prediction, detec-
tion, and evaluation of cancer tissues has 
been gaining considerable momentum in 
recent years. For us to be able to correlate 
Raman spectra with specific cellular fea-
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tures, it would be imperative to determine 
which molecular details would provide a 
unique signature that would allow a de-
finitive discernment between healthy and 
cancerous tissues. In this context, we have 
set out to probe the role of aromatic amino 
acids in breast cancer and to ascertain the 
possibility of using their overexpression 
as a diagnostic tool. The emphasis of our 
analysis centered on the spectral region 
of 500–1200 cm-1 that has been shown as 
the most characteristic for aromatic amino 
acids, specifically tryptophan, phenylala-
nine, and tyrosine. We have been able to 
demonstrate that cancerous breast tissues 
and cells markedly exhibit overexpression 
of aromatic amino acid and that the differ-
ence between the extent of their presence 
in cancerous cells and healthy cells is deci-
sive. On the basis of this analysis, we con-
clude that it is possible to use the signature 
Raman bands of aromatic amino acids as 
a biomarker for the detection, evaluation, 
and diagnosis of breast cancer.

In the paper, you state that you did 
not seek to establish Raman spec-
troscopy as a de-facto standard for 
the prediction or diagnosis of can-
cer, but rather as a tool with the abil-
ity to add to, as well as complement, 
the myriad of tools available to phy-
sicians and patients. That said, were 
there any benefits specific to using 
Raman spectroscopy that make this 
technique especially useful in this for 
clinical applications? What are the 
limitations to using this technique in 
a medical application?
There is no doubt that current diagnos-
tic techniques such as mammography, 
ultrasound, MRI, and tissue biopsies are 
the cornerstone assessment tools for the 
establishment of tumor malignancy. This, 
however, does not preclude the devel-
opment of new imaging modalities with 
potentially sub-cellular resolution that 
would initially complement current mo-
dalities, but as they evolve and improve, 

might eventually become powerful di-
agnostic tools in their own right. Raman 
spectroscopic imaging of biological 
samples has been generally plagued 
by weak spectral intensities, however 
new sampling and signal enhancement 
techniques developed in recent years 
have brought this method into focus 
and have generated great interest in its 
potential application in cancer detec-
tion and diagnosis.

Regarding the importance of the 
aromatic amino acids as breast cancer 
markers, the increasing data found in 
the recent literature demonstrate that 
cancerous breast tissues and cells exhibit 
a marked overexpression of these mol-
ecules and that the difference between 
the extent of their presence in cancerous 
cells and healthy cells is beyond statisti-
cal fluctuations. Based on this analysis, 
we concluded that it may indeed be  
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A Facile Synthesis of  
Tannic Acid–Protected Copper  
Nanoclusters and the Sensitive  
Fluorescence Detection of Nitrite 
Ion Under Mild Conditions

Nitrite poses a serious health risk 
because it is often present in drink-
ing water, foods, biological systems,  
and agricultural products, and also 
acts as an environmental reagent for 
the production of highly carcinogenic 
N-nitrosamines upon interaction with 
proteins. Under mild conditions, tan-
nic acid-protected fluorescence cop-
per nanoclusters (TA-CuNCs) were 
found to be exclusively quenched in the 
presence of nitrite ions, and exhibited 
a good linear relationship with fluores-
cence intensity with a nitrite concentra-
tion within a 20–100 μM concentration 
window and a limit of detection of 40 
nM. In addition, the mechanism asso-
ciated with the sensitive fluorescence 
quenching response of nitrite with  
TA-CuNCs is discussed. The nanoprobe 
was used to detect nitrite in sausage, 
and the results were consistent with 
those obtained using UV-vis spec-
troscopy, which confirmed that the 
proposed method can be a rapid and 
reliable technique for detecting nitrite 
residues in real samples. 

Xueling Cao, Yageng Bai, Fei Li, Faxian Liu, and Xiaoyang Yu

Nitrite represents a serious 
health-risk factor that often 
appears in biological, food, 

and environmental samples (1,2).  
Nitrite, in the form of sodium nitrite, is 
often added to meat products to main-
tain the red color and flavor of fresh 
meat while providing protection against 
microorganisms (3,4). The U.S. Environ-
mental Protection Agency (EPA) defines 
the maximum levels of nitrite in drinking 
water and meat products to be 1 and 
200 ppm, respectively (5). Nitrite is also 
one of the stable metabolites of nitric 
oxide, which is a messenger molecule 
involved in the regulation of numerous 
physiological and biological processes 
(6). Therefore, the illegal addition of ni-
trite to meat products and its potential 
harm to human health prompt the need 
for its sensitive detection, especially in 
commercial meat products. Therefore, a 
facile, effective, cost-effective, and sen-
sitive method for nitrite detection needs 
to be developed urgently.

Various analytical methods, includ-
ing chromatography (7,8), differential 

pulse voltammetry (9), capillary electro-
phoresis (10), electrochemical methods 
(11), and chemiluminescence methods 
(12), have been reported for nitrite de-
tection. However, most of these meth-
ods are time-consuming or use toxic 
and environmentally unfriendly organic 
agents. Some of these analytical meth-
ods also require an elaborate detection 
process. To overcome these disadvan-
tages, many organic molecules have 
been synthesized for use as fluores-
cent probes for sensitive nitrite detec-
tion (13,14). For example, noble metal 
(silver and gold) nanoclusters have 
been developed for trace determining 
of nitrite (15,16). Among the aforemen-
tioned techniques, fluorescence is well-
suited, because of its sensitivity and 
simplicity. The fluorescence technique 
also satisfies the requirements of rapid 
nitrite screening. 

Copper nanoclusters not only share 
similar characteristics with noble metal 
nanoclusters, such as fluorescence 
properties, particle size, and biocom-
patibility, but they are also inexpensive 
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and stable (17–19). As a result, copper nanoclusters offer great 
potential as a nitrite-detection method that can potentially be 
superior to the current method of using noble metal nanoclus-
ters (20–22). In particular, tannic acid-coated copper nanoclusters 
(TA-CuNCs) have attracted extensive scientific and technological 
interest because of their molecule-like properties, such as lumi-
nescence and unique charging properties (23,24). In this study, 
TA-CuNCs have been evaluated as fluorescent probes for nitrite 
detection and shown to possess novel and sensitive detection 
characteristics over a broad range of pH levels. The sensor, based 
on TA-CuNCs, was used to detect nitrite in commercially available 
sausage, illustrating potential practical applications.

Materials and Methods
Materials
Tannic acid was obtained from Sigma Aldrich. Sodium nitrite 
(NaNO2) was acquired from Beijing Chemical Co. All other chemi-
cals agents were used directly. The water was purified through a 
Millipore purification system.

Instrumentation and Spectroscopy
Fluorescence spectra were collected using a Shimadzu RF-
5301PC fluorescence spectrophotometer. The excitation wave-
lengths were 360 nm for CuNCs. 

UV-vis Spectroscopy Measurements
UV-vis measurements were made on a Shimadzu UV-3600 spec-
trophotometer with 1 cm × 1 cm quartz cuvettes (4 mL volume) 
to determine nitrite content at a 520 nm wavelength. A simu-
lated gastric fluid was mixed with NaCl and HCl. Then, 2 mL of 
5 μg/mL sodium nitrite solution was added to 25 mL of simu-
lated gastric fluid, and the mixture was incubated at 37 °C for 
30 min. Afterwards, 2 mL of 0.4% sulfanilic acid and 1 mL of 0.2% 
naphthylamine were added to the mixture, which was then incu-
bated at room temperature. The final volume of each mixture was  
adjusted to 50 mL. 

Preparation of CuNCs
Aqueous CuSO4 (0.2 mL, 0.1 M) and tannic acid solution (0.1 
mL, 1 mM) with 20 mL water was stirred at room temperature.  
After 5 min, ascorbic acid solution (0.2 mL, 1 M) was added, and 
the mixture was incubated at 50 °C for 6 h. To remove all unre-
acted impurity, the product was extensively dialyzed against ultra-
pure water for more than 24 h using a 3500 Da dialysis membrane, 
and the TA-CuNCs were freeze-dried to powder. 

Nitrite-Extraction Procedure
The extraction and clean-up procedure for nitrite in sausage was 
slightly modified from the previously reported investigation (25). 
For this procedure, a sausage sample (~25 to 50 g) was minced 
with a grinder and homogenized in a laboratory mixer for 3–5 min. 
Then, a 5 g portion was removed and extracted with saturated 
borax solution. Potassium ferrocyanide solution and zinc acetate 
solution were added to precipitate the protein, followed by 10 

min of heating in a boiling water bath. The supernatant was then 
decanted and placed in another container. 

Results and Discussion
Spectral Characteristics of TA-CuNCs
CuNCs were stabilized with TA according to a previously de-
scribed method (26). The optical properties of the TA-CuNCs 
were characterized by fluorescence and transmission electron 
microscopy (TEM). Figure 1a shows that at 360 nm excitation, 
the fluorescence spectrum of TA-CuNCs shows a strong band 
at 430 nm. As indicated from the inset of Figure 1a, the fluo-
rescence lifetime of TA-CuNCs was 2.77 ns. The copper nano-
clusters were highly dispersible and nearly spherical in shape 
with an average size of 2.3 nm (Figure 1b). The inset of Figure 
1b suggests that the lattice fringes of the products are consis-
tent with metallic copper and have a discerned lattice spacing 
of approximately 0.2989 nm. All these results suggest that the 
successful preparation of TA-CuNCs were consistent with the  
previous reports (27). 

Optimization of Conditions for Detecting  
Sodium Nitrite Using TA-CuNCs
We attempted to modify the conditions of the detection system 
with the aim of accurately detecting nitrite. The fluorescence in-
tensities of TA-CuNC solutions in the presence of nitrite over the 
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pH range of 3.0–10.0 are shown in Figure 
2a. The visible fluorescence quenching 
occurred in the range of 4.0–8.0, but the 
fluorescence quenching caused by nitrite 
can be lower under the extreme pH condi-
tions (strong alkali and strong acid). Thus, 
TA-CuNCs are able to detect nitrite under 
mild pH conditions. As shown in Figure 2b, 
no evident difference in the fluorescence 
quenching was observed at different reac-
tion temperatures. At room temperature, 
nitrite was immediately detected after 
the nitrite was added. Therefore, it can be 
concluded that the content of nitrite can 
be detected under mild conditions.

Nitrite Detection by TA-CuNCs
Figure 3 shows that TA-CuNCs had a 
maximum emission peak at 430 nm. 
After adding nitrite to the TA-CuNC 
solution, the fluorescence intensity 
was quenched completely. A slight 
red shift of the emission peak was 
also observed, suggesting that the 
size or micro-environmental changes 
surrounding the copper core of 
TA-CuNCs are associated with the  
nitrite interaction. 

Figure 4 shows that the degree 
of fluorescence quenching could be 
gradually intensified with the increased 
addition of the nitrite ion. The calibra-
tion plot revealed a good linear rela-
tion between the (F0–F ) of the system 
and nitrite concentration (Figure 4b). 
The regression equation was (F0–F ) = 
15.6665C – 197.4892, with a typical de-
tectable nitrite concentration range of 
20–100 μM. The limit of detection was 
calculated to be 40 nM for nitrite when 
TA-CuNCs were diluted to 0.02 mg/mL. 
The relative standard deviation was 
2.4% obtained from five replicate detec-
tions of 50 μM nitrite, indicating good 
reproducibility of the method.

Interference Experiment
To test the selectivity of the developed 
method, we examined the influences of 
various metal ions and anions (the con-
tent of each substance was 50 μM) 
that may exist in sausage samples, in-
cluding nitrate, magnesium, sodium, 
calcium, and potassium ions, as well as 

ascorbic and glutamic acids (Figure 5).  
The results indicate that all poten-
tially interfering substances except 

nitrite had no obvious effect on the 
fluorescence changes of TA-CuNCs.  
Therefore, this fluorescence sensor 
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exhibits good selectivity for nitrite 
and can be used to detect nitrite in 
real food and environmental samples.

Nitrite Detection in Sausage
To evaluate the practical application of 
TA-CuNCs as a fluorescence method 
for nitrite, the proposed technique was 
used to detect real samples. Sausage 
samples were analyzed after extrac-
tion and deproteinization. The Griess 
reagent method (UV-vis) for nitrite 
detection (28) was used to check the 
accuracy of the proposed method.  
The results of the two methods are 
listed in Table I. The fluorescence 
probe was found to have high accuracy, 
sensitivity, and precision, demonstrat-
ing the convenient and practical ap-
plication of the proposed method for 
sensing nitrite analysis in real samples.

Fluorescence Response Mechanism
The fluorescence quenching process 
is actually a process by which the lu-
minescence processes compete with 
each other to reduce the lifetime of the 
excited states of the luminescent mol-
ecules. Fluorescence quenching can be 
divided into static quenching and dy-
namic quenching, according to differ-
ent quenching mechanisms. Dynamic 
quenching is produced by diffusion 
collision between the chromophore and 
quencher, during the fluorescence life-
time of the excited state. The quenching 
is caused by energy transfer or charge 
transfer. Static quenching is caused by 
a coordination reaction between the 
fluorescent molecules and fluorescent 
quencher molecules in the ground 
state, which results in a finite degree of 
binding. Structural complexes, which 
themselves cannot emit light, lead to 
fluorescence quenching of fluorescent 
molecules (29). To elucidate the mech-
anism of fluorescence quenching, the 
fluorescence temperature data were 
analyzed by the Stern-Volmer equation:

F0/F = 1 + Kqτ0[Q] = 1 + KSV[Q]    [1]

where the fluorescence intensity of TA-
CuNCs with or without nitrite is F0 or F, 

KSV is the dynamic quenching constant, 
Kq is quenching rate constant, and 
the fluorescent lifetime of TA-CuNCs 
is about 2.77 × 10-9 s (see Figure 1).  
The concentration of the quenching 
agent is marked as [Q], and F0/F-[Q] is 

plotted to calculate Kq and KSV at differ-
ent temperatures (Figure 6 and Table 
II). There was a good linear relationship 
exhibited between F0/F and [Q]. Table 
II shows that the KSV value of TA-
CuNCs and nitrite decreases with 
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TABLE I: Application of the fluorescence method and UV-vis for the determi-
nation of nitrite in sausage samples

Sample 
Number Detected by FL (µM) Detected by UV-vis (µM) Consistent (%)

1 14 15 98.54

2 32 30 96.81

3 41 40 97.23
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FIGURE 5: The fluorescence intensity ratio (F/F0) of TA-CuNCs (0.5 mg/mL) 
in the presence of various interfering substances. Inset image shows corre-
sponding vials of sample with respective interfering material.
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the increase of temperature, and the 
KSV is much smaller than the maxi-
mum dif fusion collision quenching 
constant of biological macromole-
cules, which is 2.0 × 1010 L/mol x s. As 
a result, the possibility of dynamic 
quenching is increased, and the dis-
sociation of the complexes formed 
often happens. Thus, the possibil-
ity of static quenching is reduced. 
It is more likely that the quenching 
of TA-CuNCs by nitrite ions involves 
a dynamic quenching process (30). 

Figure 7 shows that there was a 
good linear relationship between F0/
(F0-F ) and 1/[Q] as a function of tem-
perature. The ef fective quenching 
constant Ka can be calculated from 
the modified Stern-Volmer equation, 
which is displayed in equation 2: 

F0/(F0-F ) = 1/fa ∙ Ka∙ [Q] + 1/fa        [2] 

The thermodynamic parameters 
ΔH, ΔS, and ΔG can be calculated 
by equations 3 and 4: 

lgKa=–∆H/2.303RT + ∆S/2.303R   [3]

ΔG = ΔH – TΔS                 [4]

It can be seen from Table III that a 
good linear relationship exists, and 
that the Ka value decreases gradually 
with an increase in temperature. This 
trend is consistent with KSV, which is 
further consistent with a quenching 
process that belongs to dynamic 
quenching. The thermodynamic pa-
rameters are listed in Table III. ΔH < 
0 and ΔS < 0 indicate that nitrite and 
TA-CuNCs are Van der Waals forces 
or hydrogen bonding forces (31,32). 

Conclusions
A quanti tat ive and conf irmator y 
method for the determination of 
trace levels of nitrite ion in sausage 
over a broad pH range was devel-
oped based on tannic acid-stabi-
lized CuNCs (Scheme 1). In addition 
to the detailed exploration of the 
f luorescence quenching mecha-
nism, the most ef f icient quench-
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FIGURE 6: Stern-Volmer curves under different temperatures of TA-CuNCs 
(0.5 mg/mL) with nitrite.

TABLE III: Thermodynamic parameters for nitrite binding to TA-CuNCs at 
different temperatures

Temperature (K) ΔH
(kJ/mol)

ΔG
(kJ/mol)

ΔS
(J/mol × K)

298

-8.65

1.61 × 104

-54.09308 1.66 × 104

318 1.72 × 104

TABLE II: The Stern-Volmer quenching constants KSV and the quenching rate 
constants Kq of nitrite binding to TA-CuNCs at various temperatures

Temperature (K) KSV
(×10-3 L/mol)

Kq
(×108 L/mol × s) r2

298 75.35 0.27 0.9914

308 58.47 0.21 0.9950

318 38.75 0.14 0.9869
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FIGURE 7: The modified Stern-Volmer curves under different temperatures of 
TA-CuNCs (0.5 mg/mL) with nitrite.
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ing of TA-CuNCs induced by nitrite 
was ascribed to a Van der Waals 
force or hydrogen bonding process.  
The methodology described was 
successfully utilized as a probe to 
detect nitrite ion in sausage, which 
was fur ther conf irmed using the 
Griess reagent method (UV-vis). The 
as-synthesized CuNCs are also suit-
able for future application in other 
foods because of their good sensi-
tivity and low toxicity. 
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2021 Review of New  
Spectroscopic Instrumentation

Our annual review of products intro-
duced during the past 12 months, along 
with an assessment of the overarching 
trends. 

Howard Mark and Michael S. Bradley

We are pleased to present 
our annual review of new 
products. As has been the 

case for many years now, this annual 
review includes products launched not 
only at the annual Pittsburgh confer-
ence (“Pittcon”), but also throughout 
the preceding year. 

Nevertheless, Pittcon remains an 
important source of new product 
announcements. This year’s Pittcon, 
however, was held online—a first for 
the event—because of the Covid-19 
pandemic. In the online format, you 
could at tend technical presenta-
tions, keynote talks, short courses, 
workshops, and networking sessions, 
as well as see exhibitor demonstra-
tions, attend the employment bureau, 
and—related to our interests and pur-
poses here—you could visit exhibits 
and talk to exhibitor representatives.  
The main difference this year was that 
we couldn’t unexpectedly run into 
old friends while traversing the halls 
or aisles. We also could not partici-
pate in a “hands-on” demonstration 
of equipment.

Presumably because of the online 
format, there was a decrease in the size 
of the exposition this year (only 179 ex-
hibitors, compared to 787 last year) and 
the absence of several large vendors.  
This year, again presumably because of 
the online format, no product awards 
were given out.

There was a significant change in at-
tendance at the conference compared 
to previous years, but we have to ac-
knowledge that we are comparing the 
“apples” of a live conference with the 
“oranges” of an online one. The overall 
attendance in 2020 was 12,841 registered 
participants. Although it was clear from 
the live attendance numbers visible in 
the online platform for this year’s event 
that the numbers were comparatively 
quite small this year, generally around 
1000 at any given time, official atten-
dance figures for 2021 were not available 
by our deadline. Because most features 
of the conference are available on de-
mand through June 12, the conference 
organization will not have final numbers 
until then.

Categories
The review that follows is categorized by 
wavelength region or type of spectros-
copy. This arrangement is designed to 
allow readers to compare instruments 
from different manufacturers, although 
this process sometimes compares hand-
helds and other portable instruments 
with high-end benchtop research tools. 
Our included categories fluctuate from 
year to year, depending on trends in 
new product launches. The categories 
appearing in this year’s review are:

Atomic spectroscopy
Imaging 
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Mass spectrometry
 Mid-infrared (Mid-IR) and terahertz 
(THz) spectroscopy
Near infrared (NIR) spectroscopy
Raman spectroscopy
Software
 UV-vis
X-Ray
Accessories
Components

As we have reported in previous re-
views, manufacturers have recently been 
producing instruments that incorporate 
two or more different, and sometimes 
disparate, technologies. Given that the 
number of such instruments has been 
increasing every year, we considered 
whether a new approach to this question 
was warranted. Ultimately, we decided 
to assign a primary category for each 
product, but also list potential alternate 
categories that the product might plausi-
bly be listed under. For an ICP-MS instru-
ment, for example, which could plausibly 
fit under either the “Atomic Spectros-
copy” (for the ICP) or the “Mass Spec-
trometry” category, we have assigned 
it to the Atomic Spectroscopy category, 
but in that table, we show the second-
ary category in parentheses, in the left-
hand column, below the company name,  
like this:

Company name 
(Mass spectrometry).

We also employed a similar label for 
accessories, indicating the primary tech-
nology that the accessory is intended for 
in parentheses.

As in the past, accessories are tools 
used in conjunction with an instrument, 
such as sample preparation or attenu-
ated total reflectance (ATR) devices, 
whereas components, such as lasers 
or detectors, are used within an instru-
ment. Yet no matter how we present 
them, there are always marginal cases, 
such as where a product is so large and 
integral to the operation of the analyti-
cal system that it is unclear where the 
concept of an “accessory” ends and an  
“instrument” begins. 

TABLE I: Index of companies and the categories where their products appear

Company Name Category

ACD/Labs Software

Agilent Technologies, Inc. Atomic

Art Photonics GmbH Accessories

Avantes B.V. Near-IR

B&W Tek LLC, 
a Metrohm Group Company Raman

Cubert GmbH Imaging

Delta Optical Thin Film A/S Components

Eblana Photonics Ltd. Components 

Eigenvector Research, Inc. Software

Elemental Scientific, Inc. Accessories

Exum Instruments, Inc. Atomic

Galaxy Scientific Inc. Near-IR 

Gamma Scientific Components

Glass Expansion Accessories

Greateyes Imaging

Harrick Scientific Products Accessories

Hiden Analytical Mass Spectrometer 

Hubner Photonics Components

Ibsen Photonics A/S UV-vis

Innovative Photonic Solutions Accessories, Components

Inorganic Ventures Accessories

Kaiser Optical Systems, an  
Endress+Hauser Company Accessories

Lightigo Atomic, Accessories

MarqMetrix, Inc. Accessories

McPherson UV-vis, Components

Metrohm USA Near-IR, Raman

Micro X-Ray, Inc. Components

Microtrac MRB,  
part of Verder Scientific Software

Monstr Sense Technologies, LLC Imaging

Nanobase, Inc. Raman

Ocean Insight Mid-IR and THz, Raman, UV-vis

Operant LLC Software

Pembroke Instruments, LLC Imaging

PerkinElmer, Inc. Atomic, Mid-IR and THz

Pike Technologies Accessories

PNDetector GmbH X-Ray

Princeton Infrared Technologies, Inc. Imaging

Raptor Photonics Accessories

Reflex Analytical Corporation Accessories

Continued on Page 30



30  Spectroscopy 36(5)   May 2021 www.spectroscopyonline.com

FEATURED ARTICLE

For all of these reasons, even the 
manufacturer is sometimes unsure about 
what category a given device belongs 
to. Sometimes, the distinction depends 
on the perspective of the observer.  
An example of this is gas chromatogra-
phy–infrared spectroscopy (GC–IR). From 
the point of view of the spectroscopist, 
the GC is “simply” a very sophisticated 
sample preparation accessory, although 
from the point of view of the chromatog-
rapher, the spectrometer is “merely” a 
very complicated detector!

The software category includes pro-
grams for instrument control, data col-
lection, and data processing, as well as 
products for storage and transmission of 
data. The category also includes collec-
tions of data, such as databases (libraries) 
of spectra, as well as collections of cali-
bration models used in conjunction with 
the still developing field of chemometric 
algorithms that analyze the data.

As is our custom, Table I lists the cat-
egories that the various companies offer 
instruments in.

Overview: Broad Trends
Typically, our vendor surveys answer 
our question about trends in many  

different ways. The 2021 surveys, however, 
show a consistent observation about the 
importance of speed and efficiency. Al-
though similar to comments given over 
many years, this theme was more notice-
able in 2021. Many laboratories downsized 
or worked with limited staffing in the last 
year, requiring those who remained to be 
more productive. Further, as older subject 
matter experts (SMEs) retired, they were 
either not replaced or were replaced with 
less-experienced workers who had little 
time to gain the benefit of the SMEs’ ex-
perience. In addition, those on-site work-
ers were often present in shorter shifts or 
limited days, as well as performing a lot of 
remote work, meaning they had to plan 
and execute their analyses carefully.

These variables resulted in instrument 
specifications growing more aggressive, 
with requirements like more automation, 
intense sources, higher signal-to-noise 
(S/N), and more-sensitive detectors, re-
sulting in faster data collection. Also, 
software (particularly the offline analyti-
cal type) became even more prominent 
in instrument sales. Finally, virtual training 
(both general webinars and instrument-
specific training on operations) became 
very important. Even vendors who did not 

specifically mention the “faster, more ef-
ficient” theme implied this through their 
product descriptions. 

We do not expect this trend will 
change, even if more people return to 
the physical workplace for longer hours. 
The “need” to work at home experi-
enced during the pandemic has transi-
tioned to the “ability” to work at home 
(as a viable work option, irrespective of 
need), through various other sharing 
platforms. Many instruments can now be 
operated remotely, with autosamplers 
enabling unattended throughput. Labo-
ratory staff need to be physically pres-
ent only long enough to set up a batch 
and start the process; they can then 
monitor and tweak the process remotely.  
Even academic teaching laboratories are 
reaping the benefits of remote instrumen-
tation, because students can now check 
the progress of a measurement from the 
library or their dorm rooms.

Another outgrowth of the loss of SMEs 
has been the emphasis placed on digital 
science and, more specifically, machine 
learning. Broadly, this tool enables a sys-
tem (instrument plus computer plus soft-
ware) to derive relationships between 
data and answers that can be reproduced 
in the absence of human intervention, en-
abling the system to make “intelligent” 
decisions about specific characteristics of 
a sample, such as its usability in a specific 
application, or an identification based on 
large datasets. We feel strongly this will 
be a key driver in the future workspace as 
the machine learning algorithms improve 
and become more broadly applicable 
(consider how online shopping proposes 
new things based on your past choices; 
the same logic can be applied to a  
production process).

We see fewer application-specific 
analyzers appearing this year, although 
some fields, like cannabis and micro-
plastics, are attracting attention. In 
many cases, existing tools are being 
combined with new software to address 
these fields, such as the innovations 
from multiple vendors implementing mi-
croplastics analysis onto Raman, FT-IR,  
and quantum cascade laser (QCL)–based  
microscopy systems. 

TABLE I (CONTINUED): Index of companies and the categories where their 
products appear

Company Name Category

Renishaw Raman

Rigaku X-Ray

Sensors Unlimited  
– a part of Collins Aerospace Components

Spectra Solutions Inc. Accessories

Spectra Vista Corp. Accessories

Spectrolight Inc. Components

Spellman High Voltage  
Electronics Corp. Components

Surface Optics Corporation Imaging, Near-IR

Thermo Fisher Scientific Atomic, Mass Spectrometry, Software

Timegate Instruments Ltd Accessories

Tornado Spectral Systems Accessories

UniKLasers Components

Viavi Solutions Inc. Near-IR

Wasatch Photonics Raman

WITec GmbH Accessories
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Handhelds and portables continue 
to appear, but not with the same ubiq-
uity as a few years back when we noted 
every aisle at Pittcon seemed to have a 
handheld Raman or NIR tool on display. 
Many articles have appeared in the lit-
erature, and in this journal specifically, 
about the benefits of the handhelds and 
portables. There has been less discus-
sion about the performance differential 
between handheld and laboratory instru-
ments; however, this difference is largely 
driven by the different purposes and 
applications of the two types of instru-
ments (“What is this pile of white pow-
der? Is it dangerous?” versus “I need to 
analyze a tiny defect in a sheet of poly-
mer or discolored flecks in an otherwise  
homogeneous product”).

Review of New Products for 2021
Below, we highlight new introductions in 
each product category. Individual tables 
provide more detail for the products 
mentioned. Table I contains the index of 

companies and the categories where their 
products appear. 

Atomic Spectroscopy
Agilent Technologies featured a helium 
mode collision cell and half mass correc-
tion to control polyatomic and doubly 
charged ion interferences.

Exum Instruments, Inc. introduced 
Massbox, the first commercial instrument 
combining laser ablation and laser ioniza-
tion under vacuum.

Lightigo exhibited FireFly, an instru-
ment specializing on chemical imaging 
of solid samples and featuring a motor-
ized objective turret, laser microfocus, 
and long depth of field. Lightigo’s FireFly 
could have also been placed in the “Imag-
ing” category.

PerkinElmer, Inc. presented two instru-
ments. The first is the Avio 560, an induc-
tively coupled plasma–optical emission 
spectrometer (ICP-OES) instrument. 
The second is the NexION 5000 Multi-
Quadrupole ICP-MS, the first ICP-MS 

instrument in its category to boast four 
quadrupoles, and engineered to meet 
and exceed the demanding requirements 
of ultratrace elemental analysis.

Thermo Fisher Scientific launched the 
Neoma Multicollector ICP-MS, featuring a 
new detector array that covers the broad-
est range of isotopic applications with 
Qtegra Intelligent Scientific Data Solution 
(ISDS) software.

See Table II for more information about 
atomic spectroscopy instruments.

Imaging 
Cubert GmbH demonstrated the Ultris 
X20, a UV–vis-NIR imaging spectrometer 
and hyperspectral snapshot camera ca-
pable of capturing a hyperspectral image 
(x, y, lambda) at very high resolution within 
a millisecond. Cubert GmbH’s product 
could also fit into the “UV-vis” and “NIR” 
categories.

Greateyes had two products on display: 
Alex, a low-noise charged-coupled device 
(CCD) camera series of highly sensitive, 
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cooled cameras with vacuum flange 
equipped with ultralow noise 18-bit 
readout electronics for imaging appli-
cations in the vacuum ultraviolet (VUV),  
extreme ultraviolet (EUV), and X-ray 
range up to 20 keV; and ELSE, a low 
noise CCD camera that integrates cut-
ting-edge low-noise electronics and 
ultra-deep cooling technology. The 
Greateyes products could also apply to 
the “X-Ray” category.

Monstr Sense Technologies, LLC 
showed Bigfoot, with ultrafast optics 
and radio-frequency electronics to ex-
tract weak ultrafast signals from strong 
excitation background light. Bigfoot 
could also be included in the “Raman 
spectroscopy” category.

Nanobase, Inc. introduced the 
XperRF, a hybrid Raman spectroscopy 
microscope instrument and a transmis-
sion spectrometer for >90% spectrum 

peak efficiency. This product could 
also fall into the “UV-vis” and “Raman  
spectroscopy” categories.

Pembroke Instruments, LLC intro-
duced the SWIR-200, a short-wave-
length infrared (SWIR) microscope 
featuring a flexible design supporting 
a wide range in the field of view, mag-
nification, and working distance to the 
sample. This product could fall into the  
“NIR” category.

TABLE II: Atomic spectroscopy instruments

Company Name Product Name Product Type Applications, Features, and Benefits

Agilent 
Technologies, Inc. 
(Mass  
Spectrometry)

Agilent 7850 ICP-MS

The 7850 features a helium mode collision cell and half mass 
correction to control polyatomic and doubly charged ion in-
terferences. Showcases ultrahigh matrix introduction technol-
ogy that allows the instrument to handle samples with 25% to-
tal dissolved solids, workflow-focused software that includes 
functions to simplify method setup and data processing,  
built-in self-health checks, and acquisition and data analysis 
tools. Good for routine elemental analysis.

Exum  
Instruments, Inc.
(Mass  
Spectrometry)

Massbox

Laser Ablation 
Laser  

Ionization Time  
of Flight Mass 
Spectrometer 

(LALI-TOF-MS)

As the first commercial instrument combining laser ablation 
and laser ionization under vacuum, the Massbox improves the 
ease and quality of analysis. The user can adjust the wave-
length and power of the first laser to desorb rather than ab-
late the material, which allows organic analyses and elemental 
characterization. The simplified analytical process allows any-
one to operate it quickly and easily, spending less time col-
lecting data and more time solving problems. The instrument 
is highly versatile and suitable for a variety of applications, 
both inorganic and organic. It combines an easy-to-use touch-
screen interface and intuitive software system into a compact,  
benchtop design, for use in a research laboratory, production 
facility, or field office.

Lightigo 
(Imaging) FireFly

Laser induced 
breakdown 

spectroscopy 
(LIBS) instrument

FireFly specializes in chemical imaging of solid samples. Fea-
tures a motorized objective turret, laser microfocus, and long 
depth of field. Comes with software measurement guides, con-
figuration profiles, and user roles. Contains motorized laser 
wavelength switching at 1064, 532, and 266 nm, with continu-
ous motorized laser spot size changing capabilities. Recom-
mended for analyzing minerals, detecting toxic elements and 
metals in plastics, and tracing nanoparticles.

PerkinElmer, Inc. Avio 560 Max 
ICP-OES

Inductively 
coupled plasma– 
optical emission 

spectrometer 
(ICP-OES)

The Avio 560 Max is a robust, compact, fully simultaneous 
ICP-OES system with a built-in high throughput system (HTS) 
sample introduction module, taking 1.5-min rundowns to 30 
s. Features a fully simultaneous instrument and a built-in HTS 
flow injection sample introduction module, smart monitoring for 
real-time instruments, and sample diagnostics. Can be used in 
the environmental, industrial, and food and beverage industries. 
Ideal for laboratories with high-throughput requirements.

PerkinElmer, Inc.
(Mass  
Spectrometry)

NexION 5000 
Multi- 

Quadrupole  
ICP-MS

ICP mass  
spectrometer

The NexION 5000 is a multi-quadrupole ICP-MS system with 
four quadrupoles, designed for ultratrace elemental applica-
tions. Provides exceptionally low background equivalent con-
centrations (<1 ppt, even in hot plasma) and outstanding detec-
tion limits, for accurate, repeatable results. The NexION 5000 
also provides superior interference removal, excellent stabil-
ity, unmatched matrix tolerance, and the lowest maintenance.  
Recommended for mining and geographical exploration and 
environmental applications.

Thermo Fisher  
Scientific
(Mass  
Spectrometry)

Thermo 
Scientific
Neoma  

Multicollector  
ICP-MS

Inductively 
Coupled Plasma

The Neoma Multicollector ICP-MS features a new detector ar-
ray that covers the broadest range of isotopic applications with 
uncompromised accuracy, an easy-to-learn Qtegra Intelligent 
Scientific Data Solution (ISDS) software, and an ICP userface 
with high sensitivity. Recommended for use in meeting a range 
of earth sciences, nuclear safeguards, and biomedical research 
needs, from routine isotope analysis to exploring novel iso-
topes in unknown materials.
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Princeton Infrared Technologies, Inc. 
showed a 2nd-generation 1280 SciCam, 
an InGaAs SWIR camera that is the only 
International Traffic in Arms Regulations 
(ITAR)-free 1.3 MegaPixel-cooled SWIR 
camera that exhibits high photo response 
uniformity and low dark current.

Surface Optics Corporation showed its 
SOC760 Hyperspectral Imaging System 
uniquely suited for laboratory and ground-
based applications requiring high-resolu-
tion spectral data collection for the full vis-
ible near infrared (vis-NIR). Their product 
could also apply to the “UV-vis” and “NIR” 
categories.

See Table III for further details about 
Imaging instruments.

Mass Spectrometry
The Hiden Analytical SIMS-ToF Secondary 
Ion Mass Spectrometer has the high sensi-
tivity, speed, and data density depth profil-
ing capability of a quadrupole secondary 
ion mass spectrometry (SIMS) instrument 
and the surface specificity, mass resolution, 
and large-molecule detection of a time-of-
flight (ToF) SIMS system.

The Thermo Fisher Scientific Orbitrap 
Exploris 240 Mass Spectrometer features 
a fast-scanning high-field Thermo Scientific 
Orbitrap mass analyzer, positive–negative 
mode switching for comprehensive sam-
ple coverage, and one-click calibration 
and method templates for fast instrument 
setup and ease of use. 

Agilent Technologies, Inc., Exum Instru-
ments, Inc., and PerkinElmer, Inc. also have 
instruments that could apply to this cate-
gory; they were all placed in the “Atomic 
spectroscopy” category. 

See Table IV for further details about 
Mass spectrometry instruments.

Mid-IR and Terahertz (THz)
Ocean Insight’s NanoQuest spectral sen-
sor Fourier-transform IR (FT-IR) spectrom-
eter features a micro electro mechanical 
system (MEMS)–based FT-IR spectrometer 
that is smaller and more accessible than tra-
ditional laboratory-based instrumentation. 
The MEMS technology allows for a contin-
uous-wave Michaelson interferometer to 
be created monolithically on a MEMS chip,  
which enables detection of all wavelengths 

simultaneously across the 1350–2500 nm 
range, using a single-photodetector de-
sign. This product could fit into the “NIR” 
category.

PerkinElmer, Inc. presents three FT-IR 
instruments. The Spectrum Two+ is a 
compact, powerful, and portable FT-IR 
spectrometer for routine compositional 
and quality analyses, providing fast and 
accurate results. The Spectrum 3 FT-IR 
Spectrometer, is a tri-range instrument 
with full integration. The EGA 4000 is the 
world’s first fully integrated thermogravi-
metric analysis-infrared spectrometry (TG-
IR) system for evolved gas analysis (EGA). 
The Spectrum 3 could also apply to the 
“NIR” category.

See Table V for further details about 
Mid-IR instruments.

Near-Infrared (NIR)
Avantes B.V. introduced the AvaSpec-
Mini-NIR Compact NIR spectrom-
eter, which is the size of a deck of cards 
and is USB-powered, making it easy 
to integrate into other devices and  
handheld applications. 

Galaxy Scientific Inc. introduced the 
QuasIR 2000 with a large area diffuse re-
flectance probe fiber optic FT-NIR spec-
trometer; this probe is designed to enable 
more accurate and repeatable NIR mea-
surements of inhomogeneous samples. 

Metrohm USA’s DS2500 Liquid Analyzer 
features smart accessory technology, inte-
grated temperature control to 80 °C, and 
automatic background correction. 

Sensors Unlimited has a high-speed, 
extended InGaAs photodiode linear array 
that offers extended wavelength range of 
1.1–2.6 μm. This product could also apply 
to the “Components” category.

Surface Optics Corporation’s 410-Solar-i 
Portable Vis-NIR Reflectometer features a 
battery-operated handheld reflectometer 
for portable solar reflectance and absor-
bance measurements. This product could 
also apply to the “UV-vis” category.

Viavi Solutions Inc. presented three NIR 
instruments. The MicroNIR PAT-L is spe-
cifically designed for liquid applications 
as an immersion NIR spectrometer that 
features multiple configurations and vari-
ous mounting options for diverse applica-

tions. The MicroNIR PAT-Ux features good 
manufacturing practice (GMP)–compliant 
software with an optional open platform 
communications (OPC) add-in and a rapid 
acquisition time. The MicroNIR PAT-Wx is 
rated for hazardous locations and certified 
as being compliant with ATmospheres EX-
plosible (ATEX), International Electrotech-
nical Commission System (IECEx), and Na-
tional Electrical Code (NEC) requirements. 

 See Table VI for further details about 
NIR instruments.

Raman Spectroscopy
B&W Tek LLC, a Metrohm Group Com-
pany showcased three Raman spectrom-
eters. The PTRam is a self-monitoring, 
self-calibrating high-performance 785-nm 
Raman spectrometer designed for 24/7 
operation. The TacticID Mobile Hand-
held Raman spectrometer is a handheld 
1064-nm Raman spectrometer, featuring 
a 5-in touch screen. The TacticID-1064 
ST is a handheld spectrometer that can 
safely analyze samples through transpar-
ent, semitransparent, and opaque packag-
ing to reduce response time (its 1064 nm 
excitation produces a fluorescence-free 
spectrum) and can be integrated with the 
MisaCal mobile app.

Metrohm USA presented two Raman 
spectrometers. The Mira P Raman spec-
trometer makes it possible to build custom 
analytical methods that capture variations 
of complex natural product starting ma-
terials for biopharmaceutical production.  
The Misa Raman spectrometer is a porta-
ble analyzer system used for rapid, trace-
level detection and identification of food 
additives and contaminants, and features 
a small footprint and long battery life. 

Nanobase, Inc. showed its XperRF 
hybrid Raman spectrometer, which is a 
Raman microscope with fluorescence 
lifetime imaging and TCSPC features. 
It has a transmission spectrometer for 
over 90% spectrum peak efficiency.  
This product could also fall in the “UV-vis” 
and “Imaging” categories.

Ocean Insight presented the QE 
Pro-Raman+, which is a modular spec-
trometer for 785 nm Raman excitation 
applications. The QE Pro-Raman+ is 
a high-sensitivity instrument with a 
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TABLE III: Imaging instruments

Company Name Product Name Product Type Applications, Features, and Benefits

Cubert GmbH
(UV–vis, NIR) Ultris X20

UV-vis-NIR  
imaging  

spectrometer, 
hyperspectral 

snapshot camera

The Ultris 20 family can capture a hyperspectral image 
(x, y, lambda) at very high resolution within a millisecond.  
Features an ultrahigh-speed hyperspectral video camera.  
It weighs <350 g, enabling  it to fly on the smallest unmanned 
aerial vehicles (UAVs) or integrate into a mobile machine vision 
system. The Ultris X20 expands the wavelength range from 450 
to 850 nm to 350 to 1000 nm, thereby including the UV spec-
trum and making UV-vis-NIR coverage possible, with a constant 
full width at half maximum (FWHM) of 10 nm across all chan-
nels over 160 spectral bands. Good for applications such as 
UAV-based remote sensing measurements to laboratory-based  
imaging integrated with microscopes.

Greateyes
(UV-vis, X-ray)

Alex Low 
Noise CCD 

Camera
Camera

This series of highly sensitive, cooled cameras with vacuum 
flange are equipped with ultralow noise 18-bit readout electron-
ics and suited for spectroscopy and imaging applications in the 
vacuum ultraviolet (VUV), extreme ultraviolet (EUV), and X-ray 
range up to 20 keV. Large pixel size allows for high signal to 
noise ratios, delivering spectra and images with outstanding  
dynamic range. Recommended for EUV lithography.

Greateyes
ELSEs Low 
Noise CCD 

Camera
Camera

The ELSE low noise CCD camera integrates cutting-edge low-
noise electronics and ultradeep cooling technology while keep-
ing a compact camera design. Multiple readout speeds can 
be selected, supporting pixel rates from 50 kHz up to 5 MHz.  
True 18-bit AD conversion allows to exploit the full dynamic 
range of the CCD sensor for highest performance and SNR. 

Monstr Sense 
Technologies, LLC
(Raman)

Bigfoot
Ultrafast  

spectrometer 
for microscopy

The Bigfoot spectrometer uses ultrafast optics and radio-fre-
quency electronics to extract weak ultrafast signals from strong 
excitation background light. This technology enables the ultra-
fast spectrometer to be integrated with a microscope. Capable 
of performing transient absorption spectroscopy, coherent Ra-
man spectroscopy, and multidimensional coherent spectrosco-
pies. Good for semiconductor and photovoltaic applications.

Pembroke  
Instruments, LLC
(NIR)

SWIR-200 SWIR Microscope

The SWIR-200 features a flexible design that supports a wide 
range in the field of view, magnification, and working distance 
to the sample. The microscope platform is anchored to standard 
optical breadboards, making it easy for users to employ and ex-
change sample holders, light sources, and translation stages. 
Recommended for shortwave-infrared (SWIR) fluorescence im-
aging, semiconductor wafer inspection, and live animal imaging.

Princeton Infrared 
Technologies, Inc.

2nd Gen-
eration 1280 

SciCam
InGaAs SWIR 

Camera

SciCam is the only ITAR-free 1.3 MegaPixel-cooled SWIR cam-
era that exhibits high photo response uniformity and low dark 
current. It features a 14-bit digital output with a low read noise 
of <45e-, which is lower than any other cooled SWIR scientific 
imager on the market. Allows for the longest integration times 
and highest frame rate at megapixel resolution in the SWIR. 
Recommended for hyperspectral imaging, laser imaging, life 
science research, and chemical and biological analyses.

Surface Optics 
Corporation
(UV-vis, NIR)

SOC760 Hyperspectral 
Imaging System

The SOC760 hyperspectral imaging system is uniquely suited 
for laboratory and ground-based applications requiring high-
resolution spectral data collection for the full visible near-infra-
red (vis-NIR) to SWIR range. This single field-of-view system 
provides coverage from 0.4 to 2.5 µm and captures 650 spec-
tral bands registered into a single data cube. Each spectral im-
age is 640 pixels along the slit of the spectrometers and 2048 
pixels along the scan direction. Recommended for art conser-
vation and cultural heritage projects.

spectral range from 150 to 3000 cm-1,  
plus low noise electronics and a TEC-
cooled optical bench.

The Renishaw Virsa Raman Ana-
lyzer features f iber optic probes 
equipped with L iveTrack focus-
tracking technology, enabling the 
analysis of microscopic areas of large 

objects with irregular surfaces, and 
enabling the measurement of large 
samples that will not f it under a  
conventional microscope.

Wa s a t c h  P h o t o n i c s  s h o w e d 
the WP 532 E XR, an ex tended-
range Raman spec trometer that 
of fers high signal, fast measure-

ments, and low limits of detection.  
The design uses the company’s VPH 
transmission gratings and an f/1.3 input 
for maximum signal collection. The WP 
532 EXR could also apply to the “UV-
vis” category.”

See Table VII for further details 
about Raman instruments.
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TABLE IV: Mass spectrometry instruments

Company Name Product Name Product Type Applications, Features, and Benefits

Hiden Analytical
Hiden SIMS-ToF  
Secondary Ion 

Mass  
Spectrometer

Mass  
spectrometry 
instruments

The Hiden SIMS-ToF Secondary Ion Mass Spectrometer has the 
high sensitivity, speed, and data density depth profiling capability 
of quadrupole SIMS and the surface specificity, mass resolution, 
and large molecule detection of ToF SIMS. Features a new time-of-
flight spectrometer upgrade that can detect large molecules and 
surface species from polymers, pharmaceuticals, and unknown 
contaminants. Comes with high sensitivity, speed, and data density 
depth profiling capability. Recommended for the semiconductor 
fabrication, aerospace, optics, coatings, biomaterials, and catalysis 
industries, where knowledge of the surface chemistry is critical to 
successful adhesion, deposition, and activation.

Thermo Fisher  
Scientific

Thermo Scientific 
Orbitrap Exploris 

120 Mass  
Spectrometer 

Mass  
spectrometer

The Thermo Scientific Orbitrap Exploris 120 Mass Spectrome-
ter features fast scanning models and rapid polarity switching, 
sub-ppm mass accuracy, minimal calibration, simplified opera-
tion, and reduced method development times through intuitive 
tuning. Recommended for metabolomics, environmental, me-
tabolite identification, food and beverage, forensic toxicology,  
and antidoping analyses. 

Thermo Fisher  
Scientific

Thermo Scientific 
Orbitrap Exploris 

240 Mass  
Spectrometer 

Mass  
spectrometer

The Thermo Scientific Orbitrap Exploris 240 Mass Spectrom-
eter features a fast-scanning high-field Thermo Scientific Or-
bitrap mass analyzer, positive–negative mode switching for 
comprehensive sample coverage, and one-click calibration and 
method templates for fast instrument setup and ease of use.  
Recommended for proteomics, metabolomics, biopharmaceuti-
cal characterization, and small-molecule applications.

TABLE V: Mid-IR and terahertz (THz) products

Company Name Product Name Product Type Applications, Features, and Benefits

Ocean Insight
(Mid-IR, NIR)

NanoQuest 
spectral sensor

FT-IR  
spectrometer

The NanoQuest spectral sensor features a micro electro mechani-
cal systems (MEMS)–based FT-IR spectrometer that is smaller and 
more accessible than traditional laboratory-based instrumentation.  
The MEMS technology allows for a continuous-wave Michelson in-
terferometer to be created monolithically on a MEMS chip, which 
enables detection of all wavelengths simultaneously across the 
1350–2500 nm range, using the single-photodetector design to re-
duce instrument footprint and maintain low-noise, high-stability per-
formance. Recommended for authenticating counterfeit products 
and the characterization and quantification of food and soil nutrients.

PerkinElmer, Inc. EGA 4000 FT-IR  
Spectrometer

The PerkinElmer, Inc. EGA 4000 is the world’s first fully integrated 
thermogravimetric analysis–infrared spectrometry (TG-IR) sys-
tem for evolved gas analysis (EGA); previous TG-IR systems used 
separate instruments where the evolved gases from TGA systems 
were introduced to the FT-IR system via transfer lines, introducing 
operational complexity and maintenance issues. The EGA 4000 
provides a unique single-user interface for complete system con-
trol, along with a simplified operation that offers a fully integrated 
software and hardware platform for EGA analysis. Recommended 
for the pharmaceutical industry.

PerkinElmer, Inc.
(NIR) Spectrum 3 FT-IR  

Spectrometer

The next generation FT-IR spectrometer is a tri-range instrument 
with fully integrated and simplified hyphenation to offer unparal-
leled flexibility, performance, and value to analyze a wide range 
of samples quickly and accurately. It features a new tri-range in-
strument with mid-IR, FT-IR, and NIR available in one instrument,  
a fast-scanning rate up to 100 scan/s, an enhanced ATR algorithm, 
cloud-enabled NetPlus software, and on-instrument display for 
greater productivity. Recommended for chemical research and 
development, pharmaceutical method development, and ad-
vanced material and academic research.

PerkinElmer, Inc. Spectrum Two+ FT-IR  
Spectrometer

The Spectrum Two+ is a compact, powerful, and portable FT-
IR spectrometer for routine compositional and quality analyses.  
It provides fast and accurate results, leveraging secure cloud con-
nectivity with new NetPlus for IR, a new universal attenuated to-
tal reflectance (UATR) accessory, and a rugged industrial touch-
screen with Windows 10 compatibility. Recommended for quality 
assurance and quality control (QA/QC) applications, academic 
testing, and routine FT-IR analyses.
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Software
ACD/Labs introduced the Spectrus JS, 
which is cross-platform software that 
works on Windows, MacOS, and Linux. 
Spectrus JS (JavaScript) is the first com-
mercially available browser-based 1D and 
2D NMR data processing application. The 
Spectrus JS could have also formed an 
“NMR” category.

Eigenvector Research, Inc. has five new 
updated software packages: Solo version 
8.9.1 Stand Alone Chemometrics Software; 
PLS_Toolbox version 8.9.1 Chemometrics 
Software for use with Matlab; MIA_Tool-

box version 3.0.9 Advanced Hyperspectral 
Image Analysis for use with PLS_Toolbox 
and Solo; Solo_Predictor version 4.0.5, 
which is a standalone prediction engine 
for use with PLS_Toolbox and Solo models; 
and Model Exporter version 3.7, which is a 
standalone prediction engine for use with 
PLS_Toolbox and Solo models.

Microtrac MRB, part of Verder Scien-
tific, provides Dimensions Software for the 
Camsizer series. The Dimensions program 
is a sleek and modern particle-character-
ization software for the Camsizer imaging 
instruments.

Operant LLC has Peak Spectroscopy Soft-
ware for Optical Spectroscopy that reads 
and converts more than 60 spectroscopy 
file formats. It includes library search, spec-
tral manipulations, and many more functions.

Thermo Fisher Scientific promoted its 
SolstiX X-ray diffractometer software that 
is a seamless integration with Windows au-
thentication, protected folder for data stor-
age, complete audit trail in time-stamped 
database, and tamper-proof e-signatures 
in all files. 

See Table VIII for further details about 
software.

TABLE VI: Near-infrared (NIR) instruments

Company Name Product Name Product Type Applications, Features, and Benefits

Avantes B.V. AvaSpec-
Mini-NIR

Compact NIR 
spectrometer

The AvaSpec-Mini-NIR spectrometer is only the size of a deck of 
cards and USB powered, which makes it easy to integrate into 
other devices and handheld applications. Because the AvaSpec-
Mini-NIR has no moving parts, it is robust and can be used in any 
environment. This versatile miniature NIR spectrometer is well 
suited for various applications, including food analysis and the 
recycling industry.

Galaxy Scientific  
Inc.

QuasIR 2000 
with Large 

Area Diffuse 
Reflectance 

Probe 

Fiber Optic  
FT-NIR  

Spectrometer 

The QuasIR 2000 fiber optic FT-NIR spectrometer features 
a large area diffuse reflectance probe for more accurate and 
repeatable NIR measurements of inhomogeneous samples. 
Recommended for use in the food, cannabis, hemp, pharma,  
chemicals, agriculture, and polymer industries.

Metrohm USA DS2500 Liquid 
Analyzer

NIR  
spectrometer

The DS2500L features smart accessory technology, integrated 
temperature control to 80 °C, and automatic background cor-
rection. Routine analysis and data management can be handled 
through the SQL database enabled Vision Air software. Covering 
the full spectral range from 400 to 2500 nm, it provides data on 
more parameters in one measurement. The rugged design makes 
it resistant to dust, moisture, and vibration, making it well-suited 
for production environments. Recommended for high through-
put testing and routine quantitative and qualitative analysis.

Surface Optics 
Corporation
(UV-vis)

410-Solar-i
Portable  
Vis-NIR  

Reflectometer

The 410-Solar-i features a battery-operated handheld reflec-
tometer for portable solar reflectance and absorbance measure-
ments. Designed for rapid characterization of materials, it mea-
sures total reflectance at seven sub-bands in the 300–2500 nm 
spectral region using a modified integrating sphere and improves 
measurement accuracy for nonuniform material samples with 
a larger beam spot size, decreasing measurement time to 7 s. 
Recommended for development of substrates for spacecraft and 
aerospace applications.

Viavi Solutions Inc. MicroNIR 
PAT-L

NIR  
spectrometer

Designed for liquid applications, the MicroNIR PAT-L is an im-
mersion NIR spectrometer that features multiple configurations 
and various mounting options for diverse applications along with 
a rapid acquisition time for fast-moving processes. Fully GMP-
compliant software with an optional OPC add-in. Recommended 
for pharmaceutical manufacturing and API synthesis.

Viavi Solutions Inc. MicroNIR 
PAT-Ux

NIR  
spectrometer

A compact instrument that is easy to integrate, the MicroNIR 
PAT-Ux features fully GMP-compliant software with an option-
al OPC add-in and a rapid acquisition time. Certified for ATEX, 
IECEx, and NEC compliance. Recommended for grain process-
ing, pharmaceutical manufacturing, and petrochemical process-
ing, among other fields.

Viavi Solutions Inc. MicroNIR 
PAT-Wx

NIR  
spectrometer

Rated for hazardous locations, the MicroNIR PAT-Wx is certified 
as being ATEX, IECEx, and NEC compliant. Compact, lightweight, 
wireless, battery-operated, and easy to integrate. Battery life >8 
h. Nine-axis inertial measurement unit for versatile triggering op-
tion. Recommended for applications in polymer, petrochemical, 
grain, and feed processing where hazardous location certifica-
tion is required.
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TABLE VII: Raman spectroscopy instruments

Company Name Product Name Product Type Applications, Features, and Benefits

B&W Tek LLC, 
a Metrohm 
Group Company

PTRam Raman  
spectrometer

The PTRam is a high-performance 785-nm Raman spectrometer 
designed for 24/7 operation. It is a self-monitoring, self-calibrating 
system, ensuring system measurement validity. Features a fiber-
optically coupled sampling probe, software-adjustable power, and 
a user-replaceable shaft. The system is designed for process de-
velopment work and real-time monitoring in the laboratory of pilot 
plant settings. Includes a spectral library for material identification 
and mixture analysis and users can also create libraries, import 
spectra, and export reports, via the OTG function. Recommended 
for biomedical studies and industrial processes, such as monitoring 
biological systems and medical diagnostics.

B&W Tek LLC,  
a Metrohm 
Group Company

TacticID Mobile
Handheld  

Raman  
spectrometer

A handheld 1064-nm Raman spectrometer, the TacticID Mobile 
features a 5-in touchscreen for rapid field identification of sol-
ids and liquids. Contains an IP68 system designed for field use.  
Also features an embedded camera, GPS, and flashlight. Data can 
be stored in TID21 PC-software. Recommended for field screening 
and identification of suspicious materials, such as narcotics.

B&W Tek LLC, 
a Metrohm 
Group Company

TacticID-1064 
ST

Handheld  
Raman  

spectrometer

The TacticID-1064 ST is a handheld spectrometer that can safely 
analyze samples through transparent, semitransparent, and opaque 
packaging to reduce response time. Its 1064 nm excitation pro-
duces a fluorescence free spectrum, making it possible to identify 
dark drug samples and uses patented see-through technology that 
increases sampling volume, making it possible to measure in homo-
geneous samples, while eliminating the risk of burning. The onboard 
spectral library includes over 13,000 materials and can be used for 
both identification and mixture analysis. Good for field screening 
and identifying suspicious materials, such as narcotics.

Metrohm USA Mira P Raman  
spectrometer

The Mira P Raman spectrometer allows building custom analytical 
methods that capture variations of complex natural product start-
ing materials for biopharmaceutical production. Methods are easily 
deployed to multiple units and managed through MiraCal software, 
which is updated for compliance with USP <858> and <1858>. Best 
suited for raw materials identification and verification applications.

Metrohm USA
Metrohm  

Instant SERS  
Analyzer 
(MISA)

Raman  
spectrometer

A portable analyzer system used for rapid, trace-level detection 
and identification of illicit materials, food additives, and contami-
nants, the MISA features a small footprint and long battery life. In-
tegration with the MisaCal mobile app allows instrument operation 
in remote environments. Preprogrammed with library of pesticides 
and equipped with orbital-raster-scan (ORS) technology. MISA is a 
high-efficiency spectrograph that reduces measurement time and 
increases reproducibility. MISA offers various laser class 1 attach-
ments for flexible sampling options. Operates via a Bluetooth or 
USB connection.

Nanobase, Inc.
(UV-vis, Im-
aging)

XperRF Hybrid Raman 
spectrometer

Nanobase, Inc.’s XperRF instrument is Raman microscope with 
fluorescence lifetime imaging and TCSPC features. It has a trans-
mission spectrometer for >90% spectrum peak efficiency. Fea-
tures fast 2D scanning with an imaging area over 200 x 200 µm 
and several customization options. Recommended for life science 
and molecular biology applications as well as semiconductors and  
photoelectron materials.

Ocean Insight
QE  

Pro-Raman+  
spectrometer

Raman  
spectrometer

The QE Pro-Raman+ is a modular spectrometer for 785 nm Raman 
excitation applications. The QE Pro-Raman+ is a high-sensitivity in-
strument with spectral range from 150  to 3000 cm-1, plus low noise 
electronics and TEC-cooled optical bench. Good for chemical and 
pharmaceuticals analysis, virus detection, illicit drug discovery, pes-
ticides detection, and organic materials analysis. When combined 
with SERS substrates, the QE Pro-Raman+ provides trace-level 
analyte detection.

Continued on Page 38

UV-vis
Ibsen Photonics A/S showed the new Peb-
ble Vis-NIR spectrophotometer. Pebble 
spectrometers combine a compact form 
factor of 20 x 15 x 8 mm with high sensitiv-
ity and environmental ruggedness, based 

on Ibsen’s proven diffraction grating 
technology. This product could also have 
been included in the “NIR” category.

McPherson’s 251MX is a compact 
spectrometer with a VUV detection 
range (50~200 nm) optimized around 

120 nanometers. It has been updated 
to provide improved efficiency over a  
wider range.

Ocean Insight has a liquid transmis-
sion measurement system (LTMS) in-
line transmission spectrometer. LTMS 
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is an industrial-grade, IP67 transmission– 
absorption platform suitable for manufac-
turing environments.

See Table IX for further details about 
UV-vis instruments.

 
X-Ray
PNDetector GmbH introduced the 
XRP-A X-Ray spectrometer, featuring 
excellent energy resolution and ex-
traordinary chip performance, even at  
room temperature. 

Rigaku introduced the ZSX Primus IV 
Wavelength Dispersive XRF Spectrometer 
(WD-XRF). This tube-below high-perfor-
mance spectrometer enables uncompro-
mised analysis of samples such as liquids, 
alloys, and plated metals. 

See Table X for further details about 
X-Ray instruments.

Accessories
We remind our readers that for Acceso-
ries and Components, the parenthesized 
technology under the company name in-
dicates the technology that the product is 
intended to be used in conjunction with. 

Art Photonics GmbH presents a Mid-IR-
Fluorescence combined Fiber Probe for in 
situ MIR ATR absorption and fluorescence 
measurements of soft samples, powders, 
or liquids. This product could also be in-

cluded in the “Mid-IR and THz” and “UV-
vis” categories.

Elemental Scientific, Inc. introduced 
five new accessories. The first is the im-
ageGEO193/BIO266 laser ablation system 
for high-speed elemental mapping with 
ICP-OES or ICP–MS. This tool provides 
spatial mapping of elemental and iso-
tope distribution at speeds of up to 1000 
pixels/s when combined with an ICP-OES 
or ICP-MS instrument. LaserTRAX is a fully 
automated, robotic, high-throughput ele-
mental analyzer for laser ablation ICP-MS 
or ICP-OES. The microFAST Single Cell is 
an automated sample introduction system 
for single cell and single particle analysis 
via ICP-MS; the prepFAST IC Clinical pro-
vides automation, sample preparation, au-
tosampling, and liquid chromatography for 
ultra-high throughput ICP-MS. The DXCi 
SampleSense FAST provides automation 
and autosampling for trace metal analy-
sis by ICP-OES and ICP-MS. Elemental 
Scientific’s products could also fall in the 
“Atomic” and “Imaging” categories.

Glass Expansion has three new acces-
sories: The low-volume laser ablation mix-
ing chamber, which provides a tangential 
make-up gas input and connects directly 
to the ICP-MS torch; and a single-cell 
sample introduction system for ICP-MS 
that has a cell transport efficiency of up to 

95%. The unique design consists of a high 
efficiency MicroMist nebulizer, low volume, 
on-axis spray chamber, and a MicroJet gas 
adapter that entrains and shapes the nebu-
lizer aerosol plume. They also presented 
the Trident CT In-Line Reagent Additions 
Kit, at the heart of which is the mixing 
chamber, designed with zero dead-volume 
ConstantTorque (CT) fittings. With other 
mixing chambers, worn or improperly fit-
ted connections leak, injecting a stream of 
air bubbles into the nebulizer flow, which 
degrades short-term analytical precision 
(%RSD). By using CT ratchet style fittings,  
the Trident CT eliminates air leaks, opti-
mizing analytical performance. Glass Ex-
pansion’s accessories could also fall in the 
“Atomic Spectroscopy” and “Mass Spec-
trometry” categories.

Harrick Scientific Products has a Low 
Volume High Pressure Reaction Cham-
ber suited for studying heterogeneous 
catalysis, gas–solid interactions, photo-
chemical reactions, and oxidation mech-
anisms under controlled temperatures 
and pressures. This accessory could also 
apply to the “Mid-IR and THz,” “UV-vis,” 
and “Raman spectroscopy” categories.

Innovative Photonic Solutions offers 
a bundle consisting of a Raman probe 
and laser that gives an increased S/N 
ratio in the H-stretch band versus 

TABLE VII (CONTINUED): Raman spectroscopy instruments

Company Name Product 
Name Product Type Applications, Features, and Benefits

Renishaw
Virsa 

Raman 
Analyser

Raman  
spectrometer

The Virsa features fiberoptic probes equipped with LiveTrack focus-
tracking technology, enabling the analysis of microscopic areas of 
large objects with irregular surfaces. This makes possible the mea-
surement of large samples that will not fit under a conventional micro-
scope, from automotive body panels to works of art. Good for a wide 
range of applications, such as art conservation, defect analysis of en-
gineered components, and the monitoring of dynamic systems under-
going dimensional change, or which move, such as production lines.

Wasatch Photonics
(UV-vis) WP 248 Raman  

spectrometer

The WP 248 is a standalone, compact UV Raman spectrometer with 
free space input and an f/2.0, designed to maximize signal collection 
and allow high throughput detection. The WP 248 covers a range 
of 400 to 3200 cm-1 with 14 cm-1 resolution and employs a UV-en-
hanced CCD for detection. Designed for use with a compact 248.6 
nm NeCu laser and comes with a triggering cable to synchronize ac-
quisition with the laser. It is the first commercially available stand-
alone UV spectrometer. Recommended for biomolecular studies.

Wasatch Photonics WP 532 
EXR

Raman  
spectrometer

The WP 532 EXR extended range Raman spectrometer offers high 
signal, fast measurements, and low limits of detection. The design 
uses the company’s VPH transmission gratings and an f/1.3 input 
for maximum signal collection. The WP 532 EXR can be configured 
with fiber- or free space sample coupling and choice of detector 
cooling (ambient, regulated, or TEC cooled). Recommended for an-
alyzing inorganic materials, crystals, geological samples, and gases.
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TABLE VIII: Software

Company Name Product Name Product Type Applications, Features, and Benefits

ACD/Labs Spectrus JS
NMR Data 
Processing 
Software

Spectrus JS (JavaScript) is the first commercially available 
browser-based 1D and 2D NMR data processing application. 
This new cross-platform application will work on Windows, 
macOS, and Linux operating systems to process NMR data 
from any location with only an access to the Internet. It doesn’t 
need to be installed on user’s computer, therefore requires low 
CPU memory and reduces the need to deal with IT issues.

Eigenvector 
Research, Inc.

Solo Ver 8.9.1 Stand-
alone Chemometrics 
Software and PLS_

Toolbox  
Ver 8.9.1  

Chemometrics 
Software for use 

with MATLAB

Chemomet-
rics Software

State-of-the-art, highly flexible chemometrics software for 
data science and machine learning with a focus on analytical 
and process chemistry applications. Easy to use and to con-
struct deployable solutions for on- and at-line analysis, and for 
handheld devices. New version includes XGBoost/DA, ANN-
DA, logistic regression, xy-correlation plotting, parallel com-
puting options, spectral filtering, and other data preprocess-
ing. Good for analyzing spectral data.

Eigenvector 
Research, Inc.

MIA_Toolbox Ver 
3.0.9 Advanced  

Hyperspectral Image  
Analysis for use with  

PLS_Toolbox 
and Solo.

Chemomet-
rics Software

State-of-the-art, flexible multivariate and hyperspectral image 
analysis software that incorporates all the processing and analy-
sis tools of PLS_Toolbox and Solo. Features include CLS declut-
tering and additional importers. Good for hyperspectral imaging.

Eigenvector 
Research, Inc.

Solo_Predictor  
Ver 4.0.5  

(Standalone predic-
tion engine for use 
with PLS_Toolbox 
and Solo models)

Chemomet-
rics Model 

Application 
Software

An easy, flexible, and economical way to use PLS_Toolbox and 
Solo models at and on-line to transform measured data to us-
able information. Updated to be compatible with PLS_Toolbox 
and Solo Version 8.9.1 with all the corresponding updated tools. 
Includes a wide range of interfacing options and supports all 
preprocessing methods available in the custom preprocessing 
interface. Best used in a processing environment.

Eigenvector 
Research, Inc.

Model Exporter Ver 
3.7 (Standalone  
prediction en-

gine for use with 
PLS_Toolbox and 

Solo models)

Exports 
Chemomet-
rics Model 
to Scripts 
for Model 

Application

Exports PLS_Toolbox and Solo models to stand-alone “pre-
dictor scripts” that provides simple-to-implement recipes to 
perform model predictions or Python scripts. Allows for low 
overhead, fast predictions for on- and at-line applications, 
handheld devices, and third-party software, and enabled to 
export to the Python language with model parameters stored 
in a binary file. Provides a fast, flexible path to deploying mod-
els for embedded, handheld, and portable devices.

Microtrac MRB, 
part of Verder 
Scientific

Dimensions  
Software for the 
Camsizer series

Software

The Dimensions program is a sleek and modern particle char-
acterization software for our Camsizer imaging instruments. 
This upgrade provides a workspace layout for simplified meth-
od development and in-depth data analysis. These workspac-
es offer customizable graphs, data tables, and descriptions. 
Workspaces can also utilize second monitors for full control. 
The Particle X-Plorer particle viewing feature allows for de-
tailed evaluation of real individual particle images and data set 
analyses by 3D-Cloud or our unique Filter Cube. Good for wet 
and dry particle characterization.

Operant LLC
Peak  

Spectroscopy 
Software

Software 
for Optical 

Spectroscopy

Reads and converts >60 spectroscopy file formats. Includes 
library search, spectral manipulations, PLS, PCA, QC, Confor-
mity Index. The software is 21 CFR part 11 compliant. Good for 
qualitative and quantitative analysis of spectroscopic data.

Thermo Fisher 
Scientific  
(X-ray)

Thermo  
Scientific SolstiX 

XRD Software

X-ray  
diffractom-

eter software

Features a seamless integration with Windows authentication, 
protected folder for data storage, complete audit trail in time-
stamped database, and tamper-proof e-signatures in all files. 
Enables compliant workflows in an easy-to-use instrument and 
safety of production while satisfying regulations simply for the 
operator. The Thermo Scientific SolstiX XRD software allows for 
acquisition in real time, ease of use, compatibility with 21 CFR 
Part 11 regulations, and designed for a Windows 10 environment. 
Good for pharmaceutical applications, such as crystallography.

traditional  Raman spectroscopy and 
allows the customer to collect the 
entire spectrum on samples that re-
quire longer excitation wavelengths to 
avoid fluorescence. This bundle could 
be also considered in the “Raman  
spectroscopy” category.

Inorganic Ventures has a new certified 
reference material (CRM): a Platinum Co-
balt Color Standard that uses the pre-
cise starting materials required by the  
ASTM method.

K a i s e r  O p t i c a l  Sy s t e m s ,  a n 
Endress+Hauser Company, has a fiber 

optic bioprocessing probe optimized spe-
cifically to fit the Sartorius BioPAT Spectro 
platform. Benefits include more efficient 
model building, providing a more efficient 
transfer to Biostat STR for single-use man-
ufacturing, delivering non-contact Raman 
collection, and allowing method transfer-
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TABLE IX: UV-vis instruments

Company Name Product Name Product Type Applications, Features, and Benefits

Ibsen  
Photonics A/S
(NIR)

Pebble Vis-NIR
Vis-NIR  
spectro-

photometer

Pebble spectrometers combine a compact form factor of 20 x 15 x 8 
mm with high sensitivity and environmental ruggedness. Based on 
Ibsen Photonics A/S’s diffraction grating technology, this product 
ensures high resolution (8 nm) across the full 500–1100 nm wave-
length range. The transmission-based optics ensure good thermal 
stability and manufacturability in high quantities with small unit-
to-unit variation. Offered with the DISB-105 electronics and fast 
and compact DISB-USB bridge board. Good for fluorescence and 
absorption spectroscopy and also can be used in biophotonics,  
medical, food, and precision agriculture applications.

McPherson McPherson 
Model 251MX

Dispersive 
spectrograph

A compact spectrometer with a new aberration corrected flat field 
diffraction grating for the 6–25 eV energy region (50–200 nm), for 
measurements of deep UV and vacuum ultraviolet (VUV). Efficient 
in the range of halogen emissions and useful for cross calibration 
and light source (plasma) and detector characterization. With 120 
g/mm this UV-optimized grating will display the 50–200 nm re-
gion simultaneously on a 1-in sensor array. No moving parts. Sug-
gested for petrochemical refining, chemical manufacturing, nutri-
tional supplement manufacturing, and environmental analysis.

Ocean Insight
Liquid  

Transmission 
Measurement 

System (LTMS)

In-line  
transmission 
spectrometer

LTMS is an industrial-grade, IP67 transmission–absorption plat-
form suitable for manufacturing environments. Includes a cuvette 
holder or flow-cell with automatic fluid handling. Manages batch-
to-batch floor consistency in plating baths for metal parts and 
eliminates the need for transporting samples from the production 
line to quality control laboratories. Good for real-time, in-line mon-
itoring of liquids including industrial dyes and plating baths, ingre-
dients in foods and beverages, and chemical coatings for metals.

TABLE X: X-ray products

Company Name Product Name Product Type Applications, Features, and Benefits

PNDetector  
GmbH XRP-A Compact XRF 

spectrometer

The XRP-A features excellent energy resolution and extraordi-
nary chip performance, even at room temperature. The different 
module window selection allows light-element detection down 
to boron with high quantum efficiency. Even with M- and L-lines 
and weak signals, a very accurate quantitative analysis is possible.  
A combination of radiation hardness and best detector protection 
offers a universal solution for a wide field of industrial applications. 
Best for XRF and EDX spectroscopy.

Rigaku ZSX Primus IV

Wavelength 
Dispersive 

XRF  
Spectrometer 

(WD-XRF)

The tube-below high-performance ZSX Primus IV WDXRF spec-
trometer enables uncompromised analysis of samples such as 
liquids, alloys, and plated metals. Providing superior performance 
with the flexibility for analyzing complex samples, this XRF spec-
trometer features a 30 μm Be tube window, the thinnest standard 
tube window in the industry, for exceptional light element (low-
Z) detection limits. Good for composition identification, elemen-
tal analysis, qualitative analysis, quantitative analysis, of liquids,  
powders, pellets, and solids.

ability across scales to other bioreactors.  
This product could also fall into the 
“Raman spectroscopy” category.

Lightigo has the SyncRay Digital Delay 
Generator that features four output 
channels and one switchable input–out-
put channel in a small form factor while 
enabling triggering the ARM of the time 
base by the external signal. This product 
is usable for all suitable spectroscopies.

MarqMetrix, Inc. introduced two 
Raman probes: the Proximal BallProbe 
(8 mm), which contains a short working 
distance (8 mm) and small beam spot 

size (500 μm) for high-signal, noncontact 
measurement through vials and glass 
bottles or windows. The second Raman 
probe is the Proximal BallProbe HV (100 
mm), which excels at taking non-contact 
measurements of in-motion samples on 
conveyor belts or rotating drums and fea-
tures a long working distance (100 mm). 
These probes could also fall under the 
“Raman spectroscopy” category.

Pike Technologies presented two 
mid-IR accessories: the Jackfish J2 and 
ReactorMAX. Jackfish J2 is a new elec-
trochemical cell mode, with a sealed 

design with its reference electrode 
directly immersed into the solution.  
The ReactorMAX is a research-grade, vari-
able angle ATR designed for demanding 
applications requiring high temperature 
and pressure. These accessories could also 
apply to the “Mid-IR and THz” category.

Raptor Photonics introduced the Ninox 
640 SU SWIR Camera/Raman probe that 
features vacuum cooling to –80°C, offer-
ing a very low dark current for longer ex-
posure times up to 5 min. Their products 
could also apply to the “Raman” “NIR,” and  
“Imaging” categories.
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Reflex Analytical Corporation of-
fers accessories for several parts of the  
E-M spectrum. Their analytical lamps and 
light sources comprise a huge selection of 
hollow cathode lamps for atomic absorp-
tion spectroscopy that complement the 
available series of tungsten lamps. In the 
optics area, they offer ATR hemispheres-
prisms-rods, lenses, filters, polarizers, and 
UHV Conflat Flange viewports represent-

ing a comprehensive selection of optical 
materials for use in the VUV through the 
Far-IR. They also offer optical manifolds 
for liquid and gas flow. In terms of sam-
ple cells, Reflex Analytical offers more 
than 150 cuvette and cell types for use 
in spectroscopy, fluorimetry, calorimetry, 
polarimetry, cytometry, DNA and protein 
analysis, blood analysis, and dynamic 
light scattering. Reflex Analytical Corp.’s 

accessories could also be applied to the 
“Atomic,” “NIR,” and “UV-vis” categories. 

Spectra Solutions Inc. has a Dual 
Wavelength Raman Fiber Optic Probe 
that allows Raman measurements to be 
done at both 532 and 785 nm laser ex-
citations simultaneously with the same 
probe head. This probe could also 
falls under the “Raman spectroscopy”  
category.

TABLE XI: Accessories

Company Name Product Name Product Type Applications, Features, and Benefits

Art Photonics  
GmbH
(Mid-IR, 
Fluorescence)

MIR-Fluo  
Combi  

Fiber Probe
Mid-IR and fluo-
rescence probe

This multispectral fiber optic probe was designed for in situ mid-IR ATR 
absorption and fluorescence measurements of soft samples, powders, 
or liquids. The combined fiber probe provides simultaneous measure-
ments with both methods at the same point. This allows for precise con-
trol of the molecular and structural characteristics of a product in real 
time. Good for reaction monitoring, process analytical technologies, an-
alytical characterization, biomedicine, and biopharmaceutical analysis. 

Elemental 
Scientific, Inc.
(Atomic, 
Imaging)

imageGEO193/
BIO266

Laser ablation  
system for  
high-speed 
elemental  

mapping with 
ICP-OES or 

ICP-MS

Provides spatial mapping of elemental and isotope distribution at 
speeds of up to 1000 pixels/s when combined with ICP-OES or ICP-MS. 
Can be configured by the user for high-speed imaging or high-precision 
bulk analysis. High-resolution imagery from onboard cameras and high 
magnification viewing objectives are used to aid and target specific re-
gions of interest. Contains a fast washout sample chamber (TwoVol3) 
and LA-ICP interface (DCI) to limit the dispersion of laser-induced aero-
sols down to 1 ms (FW01.M). The imageGEO193 model is suited for ana-
lyzing geochemical matrices, while the imageBIO266 model has been 
designed for selective ablation of biological matrices only.

Elemental 
Scientific, Inc.
(Atomic)

LaserTRAX

Fully automated 
robotic high 
throughput 
elemental  

analyzer for  
laser ablation  

ICP-MS or 
ICP-OES

LaserTRAX is the first fully automated elemental analysis system that 
offers high throughput (24/7 unattended operation) bulk analysis 
of solid samples by LA-ICP-MS or LA-ICP-OES. Includes a robotic 
sample handling system, barcode reader, carousel autosampler, and 
automated SelfSeal sample chamber, which delivers quick sample 
loading through an ultrafast patented gas purge in seconds rather 
than minutes. Data are traceable from the sample collection via GPS 
tracking to final results, providing real-time sample status. Designed 
for analysis of solid samples, including areas such as mining explora-
tion, battery, food, agriculture, materials industries, and more.

Elemental 
Scientific, Inc.
(Atomic)

microFAST 
Single Cell

Automated 
sample intro-

duction system 
for single-cell 

and single-
particle analysis 

via ICP-MS

This product is designed specifically for single-particle or single-cell 
introduction to an ICP-MS system. The autosampler, automation, 
nebulizer, spray chamber, and torch are all integrated, resulting in 
higher transport efficiencies for nanoparticle and single-cell applica-
tions. Syringe-driven micro-sample delivery provides ultimate stabil-
ity for low volume (1–50 μL/min) introduction. The CytoNeb is a high 
efficiency nebulizer with low dead volume that keeps cells intact  
during nebulization.

Elemental 
Scientific, Inc.
(Atomic)

prepFAST 
IC Clinical

Automation, 
sample  

preparation,  
autosampler, 

and liquid chro-
matography  
for ICP-MS

The prepFAST IC Clinical automates the sample preparation of bio-
logical samples for total metals and elemental speciation when com-
bined with an ICP-MS system. This new version can matrix-match 
standards for biological matrices, utilizes micro-volumes for inline 
sample preparation, and can be operated in total metals or elemen-
tal speciation mode (with chromatographic column) within a single 
automated platform. This system is driven by metal-free syringes, 
resulting in ultralow backgrounds for optimal performance. Includes 
options for autotuning, high-throughput analysis (SampleSense 
FAST), and post-column internal standard that is syringe driven.

Elemental 
Scientific, Inc.
(Atomic)

Ultra-high 
Throughput 

DXCi Sample-
Sense FAST

Automation, 
autosampler 

for trace metal 
analysis by ICP-
OES and ICP-MS

Utilizes a patented inert injection valve with built-in optical sensors. 
Enhanced washing procedures are used between samples to provide 
rapid analyte washout. Sampling is provided from a new autosampler 
that intelligently autocorrects the probe position, even when acciden-
tally obstructed. Four different autosamplers capacities are available to 
meet laboratories with varying capacity demands. Three customized 
versions (Clinical, Soil, Oil) are available to address specific application 
demands. Recommended for agricultural soil and plant laboratories.

Continued on Page 42
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TABLE XI (CONTINUED): Accessories

Company Name Product Name Product Type Applications, Features, and Benefits

Glass Expansion
(Atomic)

Low-volume 
Laser Ablation  

Mixing 
Chamber

LA-ICP-MS 
Accessory

Glass Expansion’s low-volume laser ablation mixing chamber pro-
vides a tangential make-up gas input and connects directly to the 
ICP-MS torch. The unique design helps to maintain signal intensity 
and precision, while minimizing washout when paired with low dead 
volume laser ablation cells. Glass Expansion’s unique design also 
eliminates the need for costly, complex, and difficult-to-use direct 
injection torches. Intended for the low-volume laser ablation cells as 
used in some geochemistry and life science applications.

Glass Expansion
(Atomic, Mass 
Spectrometry)

Single-Cell 
Sample  

Introduction  
System for 

ICP-MS

ICP-MS  
Accessory

The Glass Expansion Single-Cell Sample Introduction System 
(SC-SIS) for ICP-MS has a cell transport efficiency of up to 95%.  
The unique design consists of a high efficiency MicroMist nebulizer, 
low volume, on-axis spray chamber, and a MicroJet gas adapter 
that entrains and shapes the nebulizer aerosol plume, reducing cell 
deposition onto the spray chamber walls and increasing transport 
efficiency. Can be used to study disease etiology, provide a better 
understanding of diseased cell states, and develop new drug treat-
ments for better patient outcomes.

Glass Expansion
(Atomic)

Trident CT  
In-Line Reagent 

Additions Kit
ICP  

Accessory

The heart of the Trident CT is the mixing chamber, designed with 
zero dead-volume ConstantTorque (CT) fittings. With other mix-
ing chambers, worn or improperly fitted connections leak, inject-
ing a stream of air bubbles into the nebulizer flow, which degrades 
short-term analytical precision (%RSD). By using CT ratchet style 
fittings, the Trident CT eliminates air leaks, optimizing analytical 
performance. The Trident CT provides a simple, easy and error-free 
way to continuously add internal standards or ionization buffers in 
ICP spectrometry.

Harrick Scientific  
Products
(Mid-IR, UV-vis,  
Raman)

Low Volume 
High Pressure  

Reaction 
Chamber

IR-UV-Vis-
Raman

This Low Volume High Temperature Reaction Chamber is suited 
for studying heterogeneous catalysis, gas–solid interactions, pho-
tochemical reactions, and oxidation mechanisms under controlled 
temperatures and pressures. The low interior volume, low dead vol-
ume and flow configuration are intended to optimize downstream 
analysis of the reacted gases.

Innovative  
Photonic 
Solutions
(Raman)

Raman  
Concatenation  

Probe and 
Laser Bundle

Probe and  
laser for  
Raman  

spectroscopy

This technique offers increased signal to noise (S/N) ratio in the 
H-stretch band versus traditional Raman spectroscopy and al-
lows the user to collect the entire spectra on samples that require 
longer excitation wavelengths to avoid fluorescence. Available 
in three wavelength configurations: 680/785 nm, 730/830 nm,  
and 860/1064 nm. Ideal for process, biomedical, and applications 
that require long wavelengths.

Inorganic 
Ventures

Platinum Cobalt 
Color Standard

Certified 
Reference 
Material

By using the precise starting materials required by the ASTM meth-
od, combined with Inorganic Ventures instrument verification meth-
ods traceable to NIST, the Platinum Cobalt Color Standard ensures 
credible, repeatable, and reliable results. ISO 17034 accredited. 
Good for applications involving the use of colorimetric techniques 
for determining impurity levels in drinking water and wastewater via 
UV-vis spectrometry.

Kaiser Optical  
Systems, an  
Endress+Hauser 
Company
(Raman)

Kaiser Raman  
bIO-PRO, 
KS probe

Fiber optic 
bioprocessing  

probe

Optimized specifically to fit the BioPAT Spectro platform by Sar-
torius. Benefits include more efficient model building, providing a 
more efficient transfer to Biostat STR for single-use manufactur-
ing, delivering non-contact Raman collection, and allowing method 
transferability across scales to other bioreactors. The Kaiser Raman 
bIO-PRO, KS probe only attaches to BioPAT Spectro for Ambr and 
Biostat STR, thereby offering Raman collection via a noncontact 
process connection. Recommended for cell culture research, devel-
opment, and manufacturing.

Lightigo SyncRay Digital Delay 
Generator

Features four output channels and one switchable input–output 
channel in a small form factor while enabling triggering the ARM of 
the time base by the external signal. Good for frequency generation 
or precise synchronization of up to five instruments by the nanosec-
ond precision utilizing the TTL pulses.

Continued on Page 43

Spectra Vista Corp. provides a Fo-
reoptic Adapter with an actuator that 
enables quick field measurements 
using standard foreoptics mated with 

the fiber optic light guide. Spectra 
Vista Corp.’s Foreoptic Adapter can 
also fall under the “Raman spectros-
copy” category.

Timegate Instruments Ltd presented a 
Raman microprobe that features multipoint 
surface mapping, an USB camera for image 
and video capturing. Timegate’s Raman mi-
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TABLE XI (CONTINUED): Accessories

Company Name Product Name Product Type Applications, Features, and Benefits

MarqMetrix, Inc.
(Raman)

Proximal  
BallProbe 

(8mm)
Raman probe

Contains a short working distance (8mm) and small beam spot size 
(500 μm) for high-signal, noncontact measurement through vials 
and glass bottles or windows. The sapphire lens of the Proximal Ball-
Probe delivers an extremely strong and clean Raman signal in the 
fingerprint region. Ideal for biopharmaceutical and pharmaceutical 
manufacturing, polymer and plastics processing, food and beverage 
processing, and hazardous chemical applications.

MarqMetrix, Inc. 
(Raman)

Proximal 
BallProbe HV 

(100mm)
Raman probe

Excels at taking non-contact measurements of in-motion samples on 
conveyor belts or rotating drums. Features a long working distance 
(100 mm)that can rapidly analyze samples through packaging, and 
a 3.5-mm sampling area that averages samples as measurements 
are taken. Ideal for demanding applications that require contactless 
measurements of in-motion and variable relief surface samples. Appli-
cations include pharmaceutical manufacturing, polymer and plastics 
processing, food and beverage processing, and hazardous chemicals.

Pike  
Technologies
(Mid-IR)

Jackfish J2 ATR-FT-IR 
Accessory

A new electrochemical cell model, the J2 is a sealed design with its 
reference electrode directly immersed into the solution. Enables fun-
damental studies of the electrified metal–solution interface and has 
applications in molecular self-assembly and interfacial sensing. High-
quality IR spectra can be obtained from sub-monolayer amounts of 
adsorbed molecules. By controlling the electrical potential applied to 
the metal thin film electrode on the ATR crystal surface, the user can 
perform vibrational characterization of potential-dependent chang-
es at the interface. The sealed design of the J2 allows it to be used 
with the Schlenk techniques or in a glovebox.

Pike  
Technologies 
(Mid-IR)

ReactorMAX ATR-FT-IR 
Accessory

ReactorMAX is a research-grade, variable angle ATR designed for de-
manding applications requiring high temperature and pressure. Reac-
tion vessel can be heated to 215 °C. Allows monitoring reactions under 
pressure and temperature in situ while collecting infrared spectral data. 
By changing the angle of incidence, thus the depth of penetration and 
the number of reflections, sensitivity can be optimized. Ideal accessory 
for research laboratories synthesizing chemical reactions.

Raptor  
Photonics
(NIR, Imaging,  
Raman)

Ninox 640 SU SWIR Camera

The Ninox 640 SU features vacuum cooling to –80°C, offering a very 
low dark current for longer exposure times up to 5 min. Combining a low 
read noise of <56e- in high gain and a dark current reading of <300e/p/s 
at -80°C, the Ninox 640 SU is one of the most sensitive SWIR cameras 
available on the market and perfect for imaging weak signals using lon-
ger exposure times. Applications for this SWIR camera includes but is 
not limited to astronomy, art inspection, and hyperspectral imaging.

Reflex  
Analytical 
Corporation
(Atomic)

Atomic 
Absorption 

Graphite Fur-
nace Tubes, 

Shrouds, and 
Contacts

Atomic 
Absorption 

Graphite Fur-
nace Tubes, 

Shrouds, and 
Contacts

Extensive series of precision-fabricated graphite furnace tubes, 
shrouds, and contacts made from high-purity, high-density graph-
ite and coated with a layer of equally pure, pyrolytically deposited 
graphite. The graphite tubes provide a surface impervious to sam-
ple, vapor, or solvent, extending useful life under strongly corrosive 
and high temperature conditions, with each tube ensuring even heat 
transfer. Good for atomic absorption spectroscopy. 

Reflex  
Analytical 
Corporation
(Atomic, UV-vis, 
NIR)

Analytical 
Lamps and 

Light Sources

Analytical 
Lamps and 

Light Sources

Reflex Analytical Corporation’s analytical lamps and light sources 
contain a huge selection of hollow cathode lamps for atomic absorp-
tion spectroscopy that complement the available series of tungsten 
lamps, deuterium lamps, xenon lamps, photoionization detector 
(PID) lamps, mercury (Hg), and mercury–xenon (Hg–Xe) UV detec-
tor lamps. Over 1000 lamp types for AA instrumentation, UV-vis-NIR 
spectrometers, photochemical processing, fluorimetry, mercury ana-
lyzers, medical and environmental equipment, and fixed wavelength 
detectors. Good for atomic absorption spectroscopy, UHPLC, UV-
vis-NIR spectroscopy, and photoionization detector applications.

Continued on Page 44

croprobe also can be applied to the “Raman  
spectroscopy” category.

Tornado Spectral Systems released its 
SpectroPort Raman Probe designed for 
upstream biopharmaceutical processing; 
it is enabled for high-throughput cell fer-
mentation development and production 
monitoring. Tornado Spectral System’s 

Raman probe also can fall under the 
“Raman spectroscopy” category.

WITec GmbH’s ParticleScout for the 
alpha300 Raman microscope series finds, 
classifies, and identifies microparticles 
over large sample areas. WITec GmbH’s 
ParticleScout can also be applied to the 
“Raman spectroscopy” category.

See Table XI for further details about 
Accessories.

Components
We remind our readers that for Ac-
cesories and Components, the pa-
renthesized technology under the 
company name indicates the technol-
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Company 
Name

Product 
Name Product Type Applications, Features, and Benefits

Reflex 
Analytical 
Corporation  
(UV-vis, 
mid-IR, NIR)

Optical 
Manifolds

Optical  
manifolds for  

liquid and 
gas flow

Made from food and medical-grade plastic materials with a useful 
spectral range from UV-vis through NIR wavelengths. The materials 
provide for optical clarity, chemical resistance, and low fluorescence. 
They are used as a window into the fluids for either visual inspection 
or optical sensor real-time analysis; commonly integrated with UV-
Vis, NIR, and FT-IR spectroscopy instrumentation. Suitable for ana-
lytical, industrial, biomedical, and life science applications.

Reflex 
Analytical 
Corporation

Optics, ATR 
hemispheres-
prisms-rods, 
lenses, filters, 

polarizers, 
UHV Conflat  

Flange 
Viewports

Optics, ATR hemi-
spheres-prisms-

rods, lenses, 
filters, polarizers, 

UHV Conflat 
Flange Viewports

A comprehensive selection of optical materials for use in the VUV 
through the far-IR that are fabricated into transmission windows, 
lenses, viewports, beamsplitters, ATR prisms, rods, hemispheres, 
linear holographic infrared and free-standing wire grid polarizers.  
Good for transmission and ATR spectroscopy as well as far-IR optical 
applications.

Spectra 
Solutions Inc.
(Raman)

Dual  
Wavelength 

Raman  
Fiber Optic 

 Probe

Dual Wavelength 
Raman Fiber 
Optic Probe

Allows Raman measurement to be done at both 532 and 785 nm 
laser excitations simultaneously with the same probe head, which 
saves space and cost. Both lasers are focused on the same spot, al-
lowing measurement of Raman in the same location. Good for labo-
ratory analysis and process measurements.

Spectra 
Vista Corp.

Foreoptic 
Adapter with  

Actuator
Spectroradiom-
eter accessory

The adapter enables quick field measurements using standard fo-
reoptics mated with the fiber optic light guide. Now with the Fo-
reoptic Adapter with Actuator one can have the benefits of a fore 
optics lens with the convenience of a pistol grip handpiece and fiber 
optic light guide. With the actuator one can take the scans with one 
hand, making it easier and more efficient to use an SVC instrument in 
the field. Applications include remote sensing, earth sciences, plant 
physiology, soil analysis, forestry, geology, and geochemistry

Timegate 
Instruments  
Ltd
(Raman)

Raman  
Microprobe

Raman  
spectroscopy

The microprobe features multipoint surface mapping and a USB 
camera for image and video capturing, and is fiber connected, with 
a spectral cutoff at 55 cm-1. Applications include geosciences, life 
sciences, pharmaceuticals, catalysis research, and food and bever-
ages, among others.

Tornado 
Spectral 
Systems
(Raman)

SpectroPort 
Raman Probe Raman probe 

A high-performance sampling device designed for upstream biophar-
maceutical analysis and enabled for high-throughput cell fermentation 
development and production monitoring. Enables bioprocess Raman 
measurements with maximum dynamic range using typical exposure 
times of only 0.1 to 1 s. With spectral averaging enabled, users can get 
high-precision metabolite predictions every few minutes. Measures key 
process parameters and critical metabolites, making it ideal for monitor-
ing bioprocesses and cell cultures. Applications include cell line develop-
ment, microbial fermentation, and manufacturing scale-up.

Tornado 
Spectral 
Systems
(Raman)

Hudson 785 
Non-Contact 
Raman Probe 

Raman probe 

Allows for high-performance sampling for quantitative analysis.  
Contains interchangeable non-contact optics modules that allow for a 
variety of sample types. Users can improve analysis performance with 
the ability of the probe to sample through site glass to avoid exposure 
and a large spot mode suited to moving powders on a process line. Good 
for biotech, polymers, and the pharmaceutical industry.

WITec GmbH
(Raman)

WITec  
ParticleScout

Particle Analysis 
Tool – Raman 
Spectroscopy

The ParticleScout for the alpha300 Raman microscope series finds, 
classifies, and identifies microparticles over large sample areas. It auto-
matically detects and sorts particles down to 1 µm, acquires their Raman 
spectra, and generates a detailed report. Raman spectral database inte-
gration reduces the time required to identify substances. It streamlines 
the microparticle analysis workflow to increase the measurement rate 
and number of particles evaluated while maintaining the precision and 
power of Raman microscopy. Enhanced for 2021, it now includes inte-
gration time optimization, vignetting correction, smart zoom, sample il-
lumination options, smart separation of adjacent particles, and multiple 
sample area targeting. Recommended for environmental scientists and  
pharmaceutical applications.
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greateyes Vacuum CCD Cameras
The ELSE and ALEX CCD 
cameras by greateyes 
integrate cutting-edge 
low-noise electronics 
and ultra-deep cooling 
technology within a 
compact design and 
vacuum compatibility. 
Both have multiple 
readout speeds 
supporting pixel rates 
from 50 kHz up to 5 
MHz and true 18-bit AD conversion that allows users to 
exploit the full dynamic range of the CCD sensor for highest 
performance and SNR. The ELSE supports ultraviolet, 
visible spectroscopy, and near infrared applications while 
the ALEX is for applications in the vacuum ultraviolet, 
extreme ultraviolet, and X-ray range up to 20 keV.  
Choose from spectral sensitivities and flange types to find 
the best solution for your X-ray imaging or spectroscopic 
application. 

Axiom Optics
Boston, MA
www.axiomoptics.com

Ultra-Compact Spectrometer for 
Instrument Integrators
Ibsen introduces 
PEBBLE, an ultra-
compact spectrometer 
(only 20 mm x 15 mm 
x 8 mm) with high 
resolution, sensitivity, 
and environmental 
ruggedness. The 
wavelength is 360–830 nm, and the 6 nm resolution is one 
of the best for this size spectrometer.

The pure transmission based optics inside PEBBLE ensures 
high sensitivity, low stray light, and thermal stability. 
PEBBLE utilizes a fast and sensitive CMOS detector array, 
and the electronics interface is a tiny flex-connector that fits 
on the miniature DISB-105 read-out electronics. 

PEBBLE VIS is based on our proven diffraction grating 
technology which ensures very small unit-to-unit 
performance variation.

Ibsen Photonics A/S
Farum, Denmark
ibsen.com/PEBBLE

Anasys nanoIR3 Spectrometer

The nanoIR3 is the latest generation nanoscale infrared (IR) spectroscopy, 
chemical imaging, and property mapping system for both materials and life science 
applications. The system also provides IR-based chemical imaging to provide 
mapping of chemical variations of the feature of interest. Unique point spectroscopy 
capabilities provide both spectroscopy and chemical imaging with a single source. 

Incorporating proprietary technology and building upon years of industry-leading 
Anasys AFM-IR instrument development, the nanoIR3 is a high-performance 
nanoscale IR spectroscopy, chemical imaging, and materials property mapping 
system available for materials and life science applications. Our patented Tapping 
AFM-IR imaging technique creates chemical mapping of high spatial resolution,  
while providing high-quality IR spectroscopy. 

The nanoIR3 provides a comprehensive set of capabilities that makes nanoscale chemical imaging and 
characterization easy and fast, whether your goal is creating chemical composition maps of polymers, thin films, 
monolayers, or small, thin contaminants.

Bruker
Santa Barbara, CA
www.bruker.com/nanoIR

http://www.axiomoptics.com
http://www.ibsen.com/pebble
http://www.bruker.com/nanoIR
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TABLE XII: Components

Company Name Product Name Product Type Applications, Features, and Benefits

Delta Optical 
Thin Film A/S
(UV-vis,  
Accessories)

Continuously 
Variable Order 
Sorting Filters

Order sorting  
filters for com-
pact spectro-

meters

Features a continuous coating, and the cut-on wavelength changes 
continuously along the filter. The Continuously Variable Order Sort-
ing Filters suppresses more stray light because the cut-on wave-
length moves together with the dispersion of the grating. Good for 
compact and miniature spectrometers.

Eblana  
Photonics Ltd.
(NIR)

760nm Dis-
crete Mode 
(DFB) Laser

Laser diode for 
gas sensing

Eblana Photonics Ltd.’s 760nm DM (DFB) laser exhibits higher spec-
tral purity and reliability than any similar product on the market, as 
a direct result of our advanced Discrete-Mode manufacturing plat-
form. The DM platform allows for scaling from sample quantities to 
full production volumes in a highly cost-competitive way. Surface 
etched, high order grating features, with no regrowth of epitaxial 
material mean producing single mode lasers with fewer manufac-
turing difficulties is possible. This product can be used for a variety 
of critical applications including combustion optimization, process 
control in chemical and steel industries, and safety monitoring.

Gamma  
Scientific
(UV-vis, NIR)

RS-7-2 VIS 
SWIR  

SpectralLED 
Uniform  
Intensity  

Tunable Light 
Source

Tunable light 
source

The SpectralLED RS-7-2 VIS SWIR system provides a large 150 mm 
output port with 35-discrete LED wavelengths in the visible to NIR 
spectrum and 10-discrete wavelengths in the SWIR spectrum for 
a wide breadth of testing options. Customized sizing is also avail-
able with the combined visible to SWIR spectrum with port sizes 
ranging from 150 to 600 mm. Features a wide spectral range that 
covers the visible, NIR, and IR spectral ranges in one light source. 
The system is a significant advancement over previous technolo-
gies based on its high intensity, ability to emulate a vast range of 
lamp-based light sources, stability, and the ability of the user to 
emulate pre-determined spectra quickly and easily.

Hubner  
Photonics
(Raman)

08-NLD 
488 nm

Laser for  
Raman  

spectroscopy

The 08-NLDM 488 nm laser has 30 mW average power and is a 
frequency stabilized diode laser with narrow spectral bandwidth 
<1pm, especially suited for Raman spectroscopy. It is a solid-state 
laser, which can replace bulky gas laser technology.

Innovative  
Photonic 
Solutions
(Raman, 
Imaging)

Beam Shaped 
and  

Homogenized 
STUB Laser

14-pin  
butterfly pack-

aged laser 
component

The 14-pin BF packaged STUB laser creates a flat-top intensity pro-
file and shapes the laser output beam to optimize system through-
put or to match field of view on camera systems. Recommended 
for laser illumination, Speckle imaging, and Raman spectroscopy.

McPherson
(X-Ray)

McPherson 
Model 642 and 
Model 642-1, 
single- and 
multi-anode 
soft X-ray 

light sources

Tunable X-ray
light source

The newly redesigned electron impact soft X-ray source has many 
features. Two versions are available, single anode and multiple 
anode, with a six-anode carousel. In both models, the anodes are 
easily replaced at atmosphere to change the emission energies. It 
is available in 1, 10, and 30 watt power ratings. The easy-to-use 
controller has e-beam current and high voltage controls. For cali-
bration and process applications, the multiple emission ports may 
illuminate sample and reference detectors simultaneously. 

Micro X-Ray, Inc.
(X-Ray)

MXR High  
Flux End  

Window tube
X-Ray tube 

for XRF

The MXR end window tube offers ultrahigh flux and geometry, enabling 
close coupling to sample and detector. Includes dual filaments for higher 
flux than existing products as well as a thin window with the ability to op-
erate at high current at low kV. Ideally suited for light elemental analysis.

Sensors  
Unlimited — a 
part of Collins 
Aerospace
(mid-IR, NIR)

High-Speed, 
Extended 

InGaAs 
Photodiode 
Linear Array

InGaAs 
photodiode 
linear array

The LC/LSC series InGaAs linear arrays offers extended wave-
length range of 1.1 to 2.2 μm and 1.1 to 2.6 μm. The autozero function 
reduces dark current and nonuniformity, extending the utility of 
the detector to higher temperatures and longer exposure times. 
The exclusive design offers maximum noise immunity and sensitiv-
ity. Four separate gains are selectable with a serial input. Recom-
mended for FT-IR/NIR, interferometry, NIR spectroscopy, biomedi-
cal analysis, plastics recycling, and industrial process control.

Continued on Page 47

ogy that the product is intended to be 
used in conjunction with. 

Delta Optical Thin Film A/S pro-
vides order-sorting filters for com-
pac t spec trometers featur ing a 
continuous coating, and the cut-
on wavelength changes continu-
ously along the filter. This product 

could also fit into the “UV-vis” and  
“Accessories” categories.

Eblana Photonics Ltd. makes 760 
nm DM (DFB) lasers that exhibit higher 
spectral purity and reliability than any 
similar product on the market. Eblana 
Photonics Ltd.’s lasers can also fall 
under the “NIR” category.

Gamma Scientific introduced the 
RS-7-2 VIS SWIR SpectraLED Uniform 
Intensity Tunable Light Source, which 
provides a large 150 mm output port 
with 35-discrete LED wavelengths in 
the visible-to-NIR spectrum. This prod-
uct can also apply to the “UV-vis” and  
“NIR” categories.
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TABLE XII (CONTINUED): Components

Company Name Product Name Product Type Applications, Features, and Benefits

Spectrolight Inc.
(UV-vis, NIR, 
Imaging)

Flexible  
Wavelength 
Selector for 

Hyperspectral  
Imaging 

(FWS-HSI)

UV-vis-NIR 
Tunable Filter 

(358–900 
nm)

Combines the wavelength tuning and bandwidth adjustment ca-
pabilities of a monochromator with the imaging functionality of a 
thin-film filter that is ideal for use in both illumination and image 
acquisition. Allows the conversion of commercial microscopes into 
hyperspectral imaging microscopes by assembling the flexible 
wavelength selector for hyperspectral imaging at the emission port. 
Good for hyperspectral imaging.

Spellman  
High Voltage  
Electronics  
Corp.
(X-Ray)

MPD Series High voltage  
10-W modules

The MPD Series features a remote user interface provided via 15-pin 
D-type connector as well as RS-232/RS-485 serial interface. The unit 
can be full analog or full digital control defined by interface connector 
links. Spellman’s proprietary HV technology coupled with SMT circuit-
ry results in an ultracompact and lightweight module that is available 
as either a positive or negative supply that is ideal for OEM applica-
tions. Produces excellent ripple and stability performance specifica-
tions from a compact footprint, featuring a differential amplifier input 
for the voltage programming signal to improve immunity from exter-
nal system noise and addressing any offset issues.

Spellman  
High Voltage  
Electronics  
Corp.
(X-Ray)

MXR Series DC-DC 
converters

The MXR20 is rated at 20 kV at 300 uA, and the MXR30 is rated at 
30 kV at 300 uA. Both are packaged in a shielded metal enclosure. 
These units feature a logic signal input to control output polarity re-
versal. A HV inhibit feature, along with voltage and current monitors, 
are provided. Easily customized to meet OEM requirements, the 
MXR Series can be provided with current control, improved ripple 
performance, and higher voltage and current capabilities. Good for 
mass spectrometry, electron microscopes, capillary electrophoresis, 
and electrostatic printing.

UniKLasers
(UV-vis, Raman, 
Fluorescence)

Duetto 349 
CW UV Laser

Single 
frequency 

continuous-
wave DPSS  
ultraviolet  

laser

The Duetto 349 is a UV source that is a replacement and improve-
ment of existing sources, such as HeCd or third harmonic Nd:YAG 
lasers. Unlike these two legacy laser sources, most lasers in the 
UV region are pulsed because of crystal damage or degradation 
so there are few sources capable of producing CW UV output at 
this wavelength. The laser has a compact footprint and can inte-
grate seamlessly with any current industrial engineering equipment 
and R&D systems. Good for flow cytometry, confocal microscopy,  
Raman spectroscopy, fluorescence, lithography, diffraction grating 
mastering, and semiconductor wafer inspection.

Howard Mark serves on the Editorial 
Advisory Board of Spectroscopy and 
is a coauthor of the “Chemometrics in 
Spectroscopy” column. He also runs a 
consulting service, Mark Electronics, 
in Suffern, New York. Michael S. Brad-
ley also serves on Spectroscopy’s Edi-
torial Advisory Board and is a Product 
Manager at Thermo Fisher Scientific 
in Madison, Wisconsin. Direct corre-
spondence to SpectroscopyEdit@
mmhgroup.com ●

Hubner Photonics provides a 08-NLDM 
488 nm laser with 30 mW average power 
and is a frequency-stabilized diode laser 
with narrow spectral bandwidth. This laser 
could also fit under the “Raman spectros-
copy” category.

Innovative Photonic Solutions has 
a Beam Shaped and Homogenized 
STUB Laser that shapes the laser out-
put beam to optimize system through-
put or to match field of view on cam-
era systems. This laser can also fall 
under the “Raman spectroscopy” and  
“Imaging” categories.

McPherson provides two X-ray sources. 
The Model 642 and Model 642-1, respec-
tively, are single- and multi-anode soft 
X-ray light sources, are available in single 
anode and multiple anode forms. McPher-
son’s X-ray sources also fits under the “X-
Ray” category.

Micro X-Ray, Inc. has an MXR High 
Flux End Window tube with geom-
etries matched to sample and detector.  

This product could also fit under the  
“X-ray” category.

Sensors Unlimited — a part of Col-
lins Aerospace has a high speed,  
extended InGaAs Photodiode Linear 
Array with extended wavelength range. 
Their product can also fall under the 
“NIR” category.

Spectrolight Inc. introduced a Flexible 
Wavelength Selector for Hyperspectral 
Imaging (FWS-HSI) UV-vis-NIR tunable 
filter (358–900 nm). It combines the wave-
length tuning and bandwidth adjustment 
capabilities of a monochromator with the 
imaging functionality of a thin-film filter. 
This product could also apply to the “UV-
vis,” “Near-IR,” and “Imaging” categories.

Spellman High Voltage Electronics 
Corp. provides two types of high-voltage 
power supplies for X-ray tubes. The MPD 
series is a family of high voltage 10-watt 
modules that provide output voltages 
ranging from 2.5 to 20kV. The MXR series 
includes well-regulated high-performance 

DC-DC converters capable of providing 20 
kV at 1 ma current. These power supplies 
could also apply to the “X-Ray” category.

UniKLasers has single frequency 
continuous-wave DPSS ultraviolet lasers 
that can replace and improve on existing 
sources, such as HeCd or third harmonic 
Nd:YAG lasers. These lasers can also be 
categorized under “UV-vis” and “Raman.”

See Table XII for further details about 
Components.

mailto:spectroscopyedit@mmhgroup.com
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BIGFOOT Collinear Ultrafast 
Spectrometer
BIGFOOT is a multi-
functional ultrafast 
spectrometer capable of 
measuring many signals 
at the diffraction-limited 
focus of a microscope:

• Coherent Raman Spectroscopy
• Transient Absorption Spectroscopy
• Multidimensional Spectroscopy
• Linear Absorption/Reflectance

The line of Bigfoot models can be integrated with pulsed 
lasers having wavelengths between 350 and 1300 nm,  
with all models supporting repetition frequencies between 
50 kHz and >1 GHz. The spectral resolution of the standard 
system is software tunable down to 0.1 cm-1. Popular 
applications include characterizing electronic and excitonic 
properties in semiconductor nanostructures, characterizing 
materials by their Raman modes, and measuring ultrafast 
processes in living cells.

MONSTR Sense Technologies, LLC 
Ann Arbor, MI
www.monstrsense.com

Broadband UV-VIS-IR Polarizers
MOXTEK offers a 
wide variety of wire-
grid polarizers and 
polarizing beamsplitters 
designed for demanding 
applications. 

Our polarizers 
are optimized for 
broadband ultraviolet-
visible-infrared 
(UV-VIS-IR) wavelengths 
with uniform performance over wide cone angles. Moxtek 
polarizers are made of heat tolerant inorganic materials 
which enable high temperature exposure (up to 300°C) 
that film based-polarizers cannot survive. 

Please consult our experts for custom options and sizes. 

Moxtek
Orem, UT
www.moxtek.com

Low Temperature Cuvette Holder
The Brr 30 Very Low 
Temperature Cuvette 
Holder, with three 
optical ports, provides 
temperature control and 
magnetic stirring for your 
sample.

The cuvette holder can 
be mounted in nearly 
any fluorometer or 
spectrophotometer.  
It is perfectly suitable for everyday use from 0 °C to 110 °C. 
When cold studies are desired, add additional windows 
and simply run the temperature down to -55 °C. It will 
reach this temperature easily without expensive Dewars or 
refrigerated baths. 

Quantum Northwest, Inc.
Liberty Lake, WA
qnw.com

410-Solar-i Portable Solar 
Reflectometer
Precise solar reflectance 
and absorptance 
measurements from 
330 nm–2500 nm using 
a modified integrating 
sphere and touchscreen 
interface for guided 
calibration, sample 
identification, and  
data display. 

Conforming to ASTM standards for reflectance and 
absorptance measurements, the 410-Solar-i delivers 
results comparable to benchtop instruments at only 7 s per 
measurement. Software includes multiple solar irradiance 
function options, including air mass 0, 1, 1.5, and 2.0. 

410-Solar-i is the newest addition to the SOC410 
Series of handheld reflectometers and emissometers 
for characterization of materials used in space, heat 
island, concentrated solar power (CSP), semiconductor 
manufacturing, and heat transfer modeling applications.
 
Surface Optics Corporation
San Diego, CA
www.surfaceoptics.com

http://www.monstrsense.com
http://www.moxtek.com
http://www.qnw.com
http://www.surfaceoptics.com
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The 2021 Emerging Leader in 
Atomic Spectroscopy Award

This year ’s Atomic Spectroscopy 
Award recipient is L. Robert Baker, 
whose research focuses on time-re-
solved, ultrafast X-ray spectroscopy 
and nonlinear optics for understand-
ing interfacial charge transfer and  
chemical reactions at surfaces. 

Jerome Workman, Jr.

L. Robert Baker is an associate pro-
fessor at The Ohio State University 
in the Department of Chemistry and 

Biochemistry. His research focuses on ul-
trafast, time-resolved X-ray spectroscopy 
and nonlinear optics for understanding 
interfacial charge transfer and chemical re-
actions at surfaces. He is the winner of the 
2021 Emerging Leader in Atomic Spectros-
copy Award. The award was presented to 
Baker on February 24 at the Spectroscopy 
Virtual Symposium, “Atomic Spectroscopy 
in Practice,” where he gave a plenary lec-
ture. The Spectroscopy Emerging Leader 
in Atomic Spectroscopy Award recognizes 
the achievements and aspirations of a tal-
ented young atomic spectroscopist who 
has made strides early in his or her career 
toward the advancement of atomic spec-
troscopy techniques and applications. The 
winner must be within 10 years of receiving 
his or her highest academic degree in the 
year the award is granted, and the winner 
is chosen by an independent committee. 

Baker earned his undergraduate BS 
degree in chemistry and his MS in physical 
chemistry from Brigham Young University 
and received his PhD in 2012 in physical 
chemistry from the University of California, 
Berkeley, under Professor Gabor A. Somor-
jai. His thesis title was, “Charge Transfer and 
Catalysis at the Oxide–Metal Interface.” 
Following postdoctoral research at the 
University of California, Berkeley (mentored 
by Professor Stephen R. Leone), he then be-
came an assistant professor at The Ohio 

State University in 2014. In 2019, he was ap-
pointed an associate professor of chemis-
try. He serves as a principal investigator of 
the NSF National eXtreme Ultrafast Science 
(NeXUS) facility. His awards include the 
Camille Dreyfus Teacher–Scholar Award, 
the Air Force Office of Scientific Research 
Young Investigator Award, a Department of 
Energy Early Career Award, and the Young 
Innovator Award in NanoEnergy. 

With an h-index of 18, and an i10 index 
of 24, and over 1200 citations in Google 
Scholar, Baker has published research in 
high-impact journals, such as Journal of 
Physical Chemistry, Letters, Nano Letters, 
Chemical Sciences, Journal of Physical 
Chemistry C., ACS Catalysis, and Chemi-
cal Reviews. Baker’s research explores the 
physics and chemistry of transition metal 
oxide catalyst surfaces using ultrafast ex-
treme ultraviolet refection-adsorption 
spectroscopy. He has used this technique 
to study the surfaces of single and mixed 
metal oxides. Such materials are used 

Atomic spectroscopy award recipient, 
L. Robert Baker.
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in electron transfer, energy conversion,  
electrochemistry, and catalysis.

Summary of Research Work 
As a PhD student at the University of 
California, Berkeley, Baker worked with 
Professor Somorjai using sum frequency 
generation (SFG) vibrational spectros-
copy combined with nanomaterials 
chemistry to investigate heterogeneous 
catalytic reactions on metal oxide surfaces.  
Following his PhD studies, he undertook 
postdoctoral work with Professor Leone 
where he learned high harmonic transient 
absorption spectroscopy for studying 
ultrafast electron dynamics. This tech-
nique is based on laser-driven high har-
monic generation, where near-infrared 
(IR) photons from an ultrafast laser pulse 
are upconverted to high energy photons 
that can reach even into the soft X-ray 
region of the electromagnetic spectrum.  
This technique provides extremely fast 
laser pulses in the extreme ultraviolet (XUV) 
and X-ray spectral regions. Such capabili-
ties provide time-resolved and atom-spe-

cific information when performing transient  
adsorption experiments. 

After Baker moved to The Ohio State 
University in 2014, he developed a new 
version of this spectroscopy based on 
higher harmonic generation that is able to 
specifically measure surface dynamics in 
metal oxides and other semiconductors.  
After several years, Baker refined this 
concept into what is now called XUV re-
flection–adsorption spectroscopy. When 
performed at grazing angles, this spectro-
scopic measurement technique is capable 
of obtaining time-resolved information on 
surface electron dynamics with atom- or el-
ement-specific resolution. Unlike traditional 
XUV transmission measurements, which are 
limited to ultrathin films, this technique may 
be performed even on bulk samples, mak-
ing these measurements accessible to a 
broad range of real-world materials. At 
The Ohio State University, Baker’s research 
group is focused on using this technique to 
study electron dynamics and charge trans-
fer in photocatalytic materials with applica-
tions for improving solar energy conversion.

Most Recent Research Publications
Several recent papers by Baker, published 
in 2020, explore metal oxide chemistry and 
catalysis. This research continues to expand 
the exploration of the surface electronic 
behavior of metal oxides for photocataly-
sis using XUV reflection–absorption spec-
troscopy as well as plasmon-enhanced  
vibrational SFG spectroscopy.

Baker has used XUV reflection–absorp-
tion spectroscopy to study the surface 
electronic structure and carrier kinetics in 
photocatalytic transition metal oxides (1). 
Specifically, the dynamics of small polaron 
formation at hematite surfaces demon-
strates that the rate of carrier self-trapping 
is slower than in the bulk because of the 
greater lattice reorganization energy re-
quired for surface polaron formation. Note 
that in condensed matter physics polarons 
represent the concept of quasiparticles 
used to understand the interactions be-
tween electrons and atoms. Although 
polarons exist throughout the bulk of a 
material, their energetics and transport 
properties are unique at a surface or in-
terface, and these unique differences, 
although difficult to probe, govern the 
energy conversion efficiency of a catalytic 
system. Baker’s work shows that ultrafast 
XUV reflection–absorption spectroscopy 
can provide direction visualization of these 
important processes in real-time, leading 
to a better understanding of how to control 
charge transport properties at interfaces. 

In situ, plasmon-enhanced vibrational 
sum frequency generation (SFG) spectros-
copy was applied by Baker and colleagues 
to directly observe carbon dioxide electro-
reduction on gold surfaces (2,3). Nonlinear 
interactions between IR and near-infrared 
(NIR) laser beams were used to observe the 
gold and electrolyte interface during active 
electrocatalysis and to show that the rate-
determining step for this reaction is CO2 
adsorption. It is important to note that this 
type of spectroscopy provides the capa-
bility for direct observation of interfacial 
processes that govern the surface kinetics 
of electrocatalysis. SFG vibrational spec-
troscopy is a powerful tool for observing 
interfaces, but applying it to in situ electro-
catalysis can be a challenge. Baker showed 
that this can be effectively accomplished 

FIGURE 1: Baker engaging graduate students and colleagues during the Ohio State 
Industry Day poster session on August 10, 2020. This day advocates for graduate 
students in various department to interact with industry liaisons and faculty.

Source: image courtesy of Heather Allen

FIGURE 2: Baker and graduate student, Somnath Biswas, preparing a time-
resolved, ultrafast XUV experiment in 2017.

Source: image courtesy of L.R. Baker
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by using plasmon resonance to couple the electric fields of light 
through the electrode to measure low concentration intermedi-
ates at the electrode–electrolyte interface with high sensitivity (3).  
These findings reveal important details about how the composition 
and structure of the electrolyte actually controls catalytic chemistry 
on the electrode surface (2). 

Baker and colleagues have also edited a special issue of the 
Journal of Chemical Physics on the topic of metal oxide chemistry 
and catalysis, which included both theoretical and experimental 
contributions from many of the leaders in this exciting area (4). 
Analytical methods delineated in this special issue included am-
bient pressure X-ray photoelectron spectroscopy (XPS), ambient 
pressure scanning tunneling microscopy (AP-STM), in situ X-ray 
diffraction (XRD), in situ vibrational spectroscopy, photoemis-
sion electron microscopy (PEEM), solid state nuclear magnetic 
resonance (ssNMR), Mössbauer spectroscopy, and cluster anion  
photoelectron spectroscopy (PES).

Most Recent Research Publications
Most Impactful Work to Date
In assessing Baker’s impact on the field, it is useful to look at both 
his mostly highly cited papers as well as those considered most 
important by his mentors and peers.

Key Career Publications: Most Cited 
In 2015, as an assistant professor at Ohio State, Baker and cowork-
ers published a paper reviewing the role of hot electrons and 
metal–oxide interfaces in surface chemistry and catalytic reac-
tions (5), which has 201 Google Scholar (G.S.) citations. This review 
presents and discusses the fundamental mechanisms of energy 
dissipation and conversion, which occur on the material surfaces 
and interfaces. Technical areas studied in this review include analyti-
cal and detection methods for hot electrons and for observation 
of energy dissipation mechanisms. It was noted that hot electron 
flux is highly correlated with catalytic reaction turnover rates. It was 
also noted that charge transfer and ion chemistry represent one of 
the fundamental mechanisms of chemical activation on surfaces.

As a postdoctoral researcher at the University of California, 
Berkeley, in 2012, Baker used SFG vibrational spectroscopy to 
investigate strong metal–support interactions (SMSI) in Pt/TiO2 
catalysts (6). Baker and coauthors were the first researchers to re-
port the use of SFG to study oxide–metal interfaces during cata-
lytic reactions and have accumulated 173 G.S. citations to date. 
The results of this study demonstrated that charge transfer from 
the TiO2 support in a Pt/TiO2 catalyst occurs by an acid–base 
mechanism, and this charge transfer controls the reaction yield 
and selectivity of furfuraldehyde hydrogenation.

In 2014, as a continuation of other SFG vibrational spectros-
copy studies carried out at Berkeley, Baker and colleagues per-
formed studies of crotonaldehyde hydrogenation in the presence 
of supported platinum nanoparticles (7). This paper, with 93 G.S. 
citations, further demonstrated how to determine the interac-
tion between supported platinum nanoparticles, which con-
trols the catalytic performance of Pt/TiO2 and Pt/SiO2 catalysts.  

The study indicated that a unique reaction pathway was identi-
fied for Pt/TiO2, which selectively produces the desired product,  
crotyl alcohol.

In a 2011 Nano Letters publication, Baker and coworkers used 
plasma fluorine insertion to generate highly n-type titanium oxide 
(8). Such a true demonstration of the n-type doping of titanium 
oxide, which precludes formation of midgap states, would allow 
expansion of the use of metal oxides for charge-based devices, 
such as re-programmable logic devices and reconfigurable built-in 
memory for computers.

FIGURE 3: Baker research group at Ohio State University 
in 2019. Left to right: Quonsong Zhu, Harshad Gajapathy, 
Stephen Londo, Ananya Patnaik, Emily Hruska, Somnath 
Biswas, Spencer Wallentine, Meiling Spelic, L. Robert 
Baker, Savini Bandaranayake, and Hongyu Shang. 

Source: image courtesy of L.R. Baker
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Work Named by Mentors and Peers
Baker’s nomination for this award, made 
in 2018, cited several publications, five of 
which are highlighted below. These studies, 
from 2017 through 2018, focused on mul-
tiple aspects of physical chemistry, chemi-
cal physics, and engineering. 

As mentioned above, one of Baker’s 
key achievements to date has been his 
development of the analytical technique 
of near grazing-angle XUV reflection–ab-
sorption (XUV-RA) spectroscopy, specifi-
cally for the study of electron dynamics (9).  
This technique is capable of measuring 
transient oxidation state changes in real-
time, with surface sensitivity, and with 
element-specific resolution. 

Baker and colleagues applied ultrafast 
XUV reflection–absorption spectroscopy 
to demonstrate that surface charge lo-
calization and small polaron formation in 
hematite (α-Fe2O3) occur via a highly cor-
related process (10). This research provides 

information that may enable improvements 
in the modification and potential utilization 
of earth-abundant resources for more ef-
ficient and practical solar energy panels.

Using femtosecond XUV reflection–
absorption spectroscopy, Baker and co-
workers directly observed the formation 
of photoexcited electrons and holes in 
the photocatalytic materials—hema-
tite (Fe2O3), cobalt (II,III) oxide (Co3O4),  
and nickel(II) oxide (NiO) (11). The abil-
ity to observe charge localization in 
these materials on an ultrafast time scale  
(femtoseconds) may demonstrate correla-
tions between excited state electronic struc-
ture and photochemical energy conversion, 
which are essential properties for under-
standing and applying these metal oxides  
as photocatalysts. 

Another potential naturally occurring 
photocatalytic material, delafossite, is a 
copper iron oxide mineral with the formula 
CuFeO2. Baker and colleagues investigated 

the potential of using this metal oxide as 
a solar photocathode for carbon diox-
ide conversion. By using XUV reflection– 
absorption and optical spectroscopy in 
combination with density functional theory 
(DFT) calculations (12), this research was 
able to track the element-specific elec-
tron and hole dynamics in CuFeO2 and 
compare its photocatalytic properties, as 
a solar photocathode, to those for Iron (III) 
oxide (Fe2O3).

Nickel(II) oxide (NiO) is a standard mate-
rial used for solar energy devices. In solar 
panels, a photoactive layer performs light 
absorption, which is followed by a charge 
separation facilitated by a NiO hole collec-
tion layer. Baker prepared a model hole in-
jection structure by depositing a thin layer 
of NiO on an Fe2O3 substrate. Then by 
using XUV-RA spectroscopy, the detailed 
dynamics of exciton dissociation and hole 
injection into NiO was studied (13).

A Brilliant Student and 
Emerging Leader
Numerous collaborators and mentors 
have praised Baker’s academic work and 
scholarship—noting he achieved a cumu-
lative grade point average of 4.0 in all of his 
graduate studies, and has published mul-
tiple high impact research papers. 

 “Robert Baker was one of my most bril-
liant graduate students,” said Professor 
Somorjai. “Baker’s specialty fields are spec-
troscopy, surface chemistry, and catalysis. 
He is an excellent spectroscopist and the 
combination of all these fields will assure 
that he will be the discoverer of many im-
portant chemical phenomena.” 

Heather Allen is the Dow Professor and 
an Ohio State Distinguished Scholar at The 
Ohio State University. She was impressed 
with Baker when she first met him during his 
interview at the university in 2013. 

“I feel a special appreciation for Robert 
in that I know what a treasure he is in so 
many ways in addition to his intellect, and 
his strong ethic,” Allen said. “For me, it is too 
early to say what his legacy will be; however, 
he is firing on all cylinders and in multiple 
directions such that he is already making his 
mark in a number of research areas.”

Louis DiMauro, a professor of physics at 
The Ohio State University and the co-Di-

FIGURE 5: Baker as a graduate student in Gabor Somorjai’s laboratory at Univer-
sity of California, Berkeley in 2011. Shown in the background is the hot electron 
nanodiode reactor. 

Source: image courtesy of L.R. Baker

FIGURE 4: Members of the Baker research group present at the International Sym-
posium on Molecular Spectroscopy at University of Illinois, Urbana-Champaign 
in 2019. Left to right: Savini Bandaranayake, Emily Hruska, Elizabeth Fugate,  
Spencer Wallentine, Stephen Londo, Somnath Biswas, and L. Robert Baker. 

Source: image courtesy of L.R. Baker
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rector of the National Science Foundation 
(NSF) NeXUS facility with Baker, has been 
working with Baker for almost 5 years. His 
first meeting with Baker also had an impact. 

“I was immensely impressed by Rob-
ert’s maturity,” DiMauro said. “This was 
the beginning of an enjoyable collabora-
tion.” DiMauro believes “Baker will become 
a leader in ultrafast X-ray science and will 
continue to develop and exploit XUV 
absorption–reflectivity spectroscopy for  
material science.”

Scott Cushing is an assistant professor 
at the California Institute of Technology 
(Caltech) and has now known Baker for 
three years. As a postdoctoral researcher, 
Cushing had worked with a transient XUV 
system that Robert had helped to pio-
neer. Now, the two work together closely 
in the field of transient XUV spectroscopy, 
particularly as it relates to polarons and 
solid state photodynamics. Considering 
Baker’s greatest contributions, Cushing 
noted that Baker proved that transient 
extreme ultraviolet (XUV) spectros-
copy is a critical tool in understanding 
the photodynamics of transition metal  
containing solids. 

“He has provided new insights into ev-
erything from charge transport in junctions, 
to surface chemistry, to polaron dynamics 
by the technique he helped to create,” 
Cushing said. 

“Professor Baker is an emerging star in 
his field,” said Susan V. Olesik, the Dean 
of Natural and Mathematical Sciences at  
The Ohio State University. Olesik continued 
to describe Baker’s work toward the devel-
opment of tabletop X-ray spectroscopy as 
an extremely challenging experimental en-
deavor. “He has not only succeeded at de-
veloping this novel experimental capability, 
but he has pioneered the application of this 
method for the study of electron dynamics 
at surfaces within the first five years of his 
career. Given his early success in this area, 
Robert is on the arc of a career that will help 
to define and establish the field of surface 
photochemical dynamics.”

Paul S. Cremer agrees. Cremer is the 
J. Lloyd Huck Chair in Natural Sciences 
at Penn State University and an associ-
ate editor for the Journal of the American  
Chemical Society. 

“Professor Baker is a rising star in the 
fields of physical chemistry, surface sci-
ence, catalysis and spectroscopy,” he said. 
“Indeed, he is a brilliant young scientist.”

The National eXtreme 
Ultrafast Science (NeXUS) Facility 
Baker is the lead principal investigator 
in a new NSF effort for a National eX-
treme Ultrafast Science (NeXUS) Facility.  
This facility has plans to generate ex-
treme ultraviolet (XUV) and soft X-ray 
pulses with durations from femto-
seconds (1 × 10−15 s) to attoseconds  
(1 × 10−18 s). The NeXUS system is under 
development now. The facility will sup-
port experiments in time-resolved mo-
lecular imaging by laser-induced electron 
diffraction (LIED), attosecond science 
(ATTO), time-resolved X-ray absorp-
tion spectroscopy (XAS), time-resolved 
X-ray reflection spectroscopy (XRS), 
time-resolved X-ray magnetic circular 
dichroism (XMCD), time-resolved angle-
resolved photoemission spectroscopy 
(ARPES), and time-resolved scanning  
tunneling microscopy (STM). 

Colleagues noted the importance of  
this project. 

“The NeXUS facility he is building at 
Ohio State is a complete game-changer 
for the field of XUV spectroscopy,” said 
Josh Vura-Weis, an associate professor 
of chemistry at the University of Illinois at 
Urbana-Champaign, who was a postdoc-
toral researcher together with Baker in the 
Berkeley Leone group. “I applaud his vision 
and skill to bring this to reality.”

“The NeXUS Facility is a huge com-
mitment of time; it is selfless service to 
the chemistry and physics communities,” 
Allen added. 

The Future
Given Baker’s accomplishments so far, 
colleagues only expect his excellent work  
to continue.

“Robert is already on the top of the 
game at Ohio State, including being the 
co-director of the NSF-NeXUS program,” 
said Cushing. He believes that the next-
generation X-ray source Baker is working 
on will allow him to extend X-ray spectros-
copy to many new fields. 

Vura-Weis agrees, “He will continue 
to open up exciting new applications of  
advanced spectroscopic techniques.”

 “Robert is already a major force in 
spectroscopy,” Allen said. “His trajectory 
is plotted to cross important thresholds in  
catalysis and in surface characterization. 

 “He doesn’t need any help being suc-
cessful in my view as he has what it takes,” 
she concluded. “His academic trajectory is 
nothing but up.” 

References
(1) S. Bandaranayake, E. Hruska, S. Londo, S. 

Biswas, and L.R. Baker, SJ. Phys. Chem. C 

124(42), 22853–22870 (2020).

(2) S. Wallentine, S. Bandaranayake, S. Biswas, 

and L.R. Baker, J. Phys. Chem. Lett. 11(19), 

8307–8313 (2020).

(3) S. Wallentine, S. Bandaranayake, S. Biswas, 

and L.R. Baker, J. Phys. Chem. A 124(39), 

8057–8064 (2020).

(4) L.R. Baker, U. Diebold, J.Y. Park, and A. Sel-

loni, J. Chem. Phys. 153, 050401 (2020). doi.

org/10.1063/5.0021819.

(5) J.Y. Park, L.R. Baker, and G.A. Somorjai, 

Chem. Rev. 115(8), 2781–2817 (2015).

(6) L.R. Baker, G. Kennedy, M.Van Spronsen, 

A. Hervier, X. Cai, S. Chen, L.W. Wang, and 

G.A. Somorjai, J. Am. Chem. Soc. 134(34), 

14208–14216 (2012).

(7) G. Kennedy, L.R. Baker, and G.A. Somor-

jai, Angew. Chem. 126(13), 3473–3476 

(2014).

(8) H. Seo, L.R. Baker, A. Hervier, J. Kim, J.L. 

Whitten, and G.A. Somorjai, Nano Lett. 
11(2), 751–756 (2011).

(9) A. Cirri, J. Husek, S. Biswas, and L.R. Baker, J. 
Phys. Chem. C 121(29), 15861–15869 (2017).

(10) J. Husek, A. Cirri, S. Biswas, and L.R. Baker, 

Chem. Sci. 8(12), 8170–8178 (2017).

(11) S. Biswas, J. Husek, S. Londo, and L.R. Baker, 

Nano Lett. 18(2), 1228–1233 (2018). 

(12) J. Husek, A. Cirri, S. Biswas, and L.R. Baker, J. 
Phys. Chem. C 122(21), 11300–11304 (2018).

(13) S. Biswas, J. Husek, S. Londo, E.A. Fugate, 

and L.R. Baker, Phys. Chem. Chem. Phys. 
20(38), 24545–24552 (2018).

Jerome Workman, Jr. is Senior 
Technical Editor for Spectroscopy. 
Direct correspondence about 
this article to: jworkman@mjhlife-
sciences.com ●

mailto:jworkman@mjhlifesciences.com
http://doi.org/10.1063/5.0021819


54  Spectroscopy 36(5)   May 2021 www.spectroscopyonline.com

possible to use the signature Raman 
bands of aromatic amino acids as a bio-
marker for the detection, evaluation, 
and diagnosis of breast cancer. We do 
not suggest that the Raman signature 
of aromatic amino acids could be used 
as a predictive biomarker and an early 
indication of disease onset. The limited 
data regarding the Raman signature of 
aromatic amino acids in breast cancer 
allows only a qualitative assessment 
of the possible clinical usefulness of  
this methodology.

What are the biggest challenges that 
you have encountered in developing 
this method? What options or alter-
natives are available to overcome 
these challenges?
The biggest challenge is access to 
breast tissue. While initial work can be 
done on cell lines, the analysis of actual 
breast tissue in imperative to determine 
the selectivity of the Raman method in 
the context of a larger and more diverse 

biological environment. Given that I am 
a materials scientist and chemical engi-
neer, the extension of the work requires 
partnering with researchers from the rel-
evant clinical disciplines and access to 
histological samples repository.

What are your next steps in this work?
As a first step, we just submitted a pro-
posal to the National Cancer Institute 
of the National Institutes of Health. We 
have to better understand the rela-
tionship between the various types of 
breast cancer and the specific degree 
of the aromatic amino acid overexpres-
sion. We need to understand the struc-
tural effects of the changes in aromatic 
amino acids variations in various pro-
teins that are characteristic to each type 
of breast cancer. There is no doubt that 
a greater amount of data is required to 
expand this work from the observational 
and perhaps anecdotal level to the veri-
fied phenomenological level. I need to 
establish collaborations with clinical 

researchers and recruit highly talented 
students to push the experimental  
work forward.
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