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Editorial Advisory BoardFrom the Publisher
Mike Hennessy, Jr. 
President & CEO, MJH Life Sciences

Welcome to our December issue! This month in 

addition to sharing peer-reviewed research and 

informative columns from our regular contribu-

tors, we present corporate capabilities, application notes,  

and vendor tips and tricks from leading suppliers.

Our peer-reviewed article this month explores the application 

of modern analytical techniques to traditional Chinese medicine 

(TCM). In TCM, medicines are classified as having either a “cold” 

or “hot” nature, and this classification is important in deter-

mining how the medicines are used. The authors developed a 

method aimed at predicting the “cold” or “hot” nature of a given  

Chinese medicine (CM) based on its structure, as determined by its  

UV spectra. After gathering the UV spectra of 61 CMs with a clear 

“cold” or “hot” nature, a retrieval scheme was developed to build 

a predictive identification model. According to the experimental 

results, this prediction model is best for the identification of the 

UV spectrum of petroleum ether solvents; compared with exist-

ing classical models, the constructed model has better predictive 

stability and extrapolation. 

This month’s regular columns, as always, provide essential infor-

mation to keep you up to date on the latest methods and to clarify 

doubts and confusion about existing techniques. In “Molecular 

Spectroscopy Workbench,” David Tuschel investigates in detail 

the Raman scattering of barium fluorohalides, showing how the 

technique can be used to characterize changes in the structure 

and chemical bonding of these compounds. 

In “Atomic Perspectives,” Rob Thomas delves into the detec-

tion capability of inductively coupled plasma–mass spectrometry 

(ICP-MS) instruments. There are a number of ways of looking at 

detection capability, such as instrument detection limit (IDL),  

limit of quantitation (LOQ), background equivalent concentration 

(BEQ), and others. But what do these numbers tell you about detec-

tion capability in the real world, with real samples? Thomas explains. 

The third part of our tutorial series on challenges in spectrofluo-

rometry—from Micky Myrick of the University of South Carolina— 

addresses sample-specific concerns that may require modifica-

tions of a basic procedure to prevent data from being inconsistent. 

In “Focus on Quality,” the second part of Bob McDowall’s  

article on the new PIC/S data guidance document focuses on 

computerized systems, outsourcing, quality, and regulatory  

oversight. Are you using hybrid systems? If so, you had better read this  

article first!

Happy reading!
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MOLECULAR SPECTROSCOPY WORKBENCH

Raman Spectroscopy  
and Chemical Bonding  
of BaFCl, BaFBr, and BaFI

We investigated in detail the 
Raman scattering of barium fluo-
rohalides BaFX (X = Cl, Br, I) in an 
effort to characterize changes in 
structure and chemical bonding. 
The overall picture that emerges 
from the BaFX Raman data is that 
with the compositional change 
from X = Cl → Br → I, electron 
density shifts from the axial Ba-X 
bond to the equatorial Ba-X bonds 
with compositional change to 
the heavier halide, and that the 
charge distribution becomes more 
delocalized in the halide layers.  
This change in electron density in-
dicates an increase in covalency of 
the Ba-X bonds from Cl to I.

David Tuschel

Alkaline earth halides have 
long been known to function 
well as host lattices for opti-

cally active dopants (1–5). As such, 
they have found uses as luminescent 
materials (1), X-ray phosphors (2), 
and as scintillators (1). Also, alka-
line earth fluorohalides have found 
applicat ions such as X- ray s tor-
age phosphors, and have brought 
about the development of com-
puted or digital radiography (3–6). 
Computed radiography is a means 
of imaging the internal struc ture 
of the human body, and has be-
come widely used in medicine for 
the diagnosis of human disease.  
The storage phosphors employed in 
computed radiography systems are 
the europium-doped barium f luo-
rohalides, BaFX:Eu2+; whereas here  
X = Br or a Br/I solid-solution.

T he compound s in  the BaF X 
series (X = Cl, Br, I) are isostruc-
tural, having the PbFCl structure-
type, and all are known to be X-ray 
s torage phosphors when doped  
with europium. However, it is note-
worthy that the Eu2+ doped barium 
fluorohalides (BaFX:Eu2+) do not all 
perform comparably. In particular, 
the performance of the X-ray storage 
phosphor is highly dependent upon 

the chemical composition of the host 
lattice (7,8). We investigated in detail 
Raman scattering across this series 
of compounds in an effort to char-
acterize the changes in structure and 
chemical bonding.

Structure and Raman Scattering
T he bar ium f luoroha l id e s  fo r m 
with the matlockite type structure,  
and belong to the D4h c r ystallo-
graphic point group (9). The irre-
ducible representations of the lat-
tice vibrations derived from a group 
theoretical treatment are:

Γ=2A1g (R)+B1g (R)+ 3Eg (R)+3A2u (IR)+3Eu (IR) 
[1]

where IR and R represent infrared 
ac tive and Raman ac tive modes, 
respec tively. The set of acoustic 
modes is comprised of one A2u and 
one Eu mode. Therefore, the set of 
optical phonons is given by:

Γoptical=2A1g (R)+B1g (R)+3Eg (R)+2A2u (IR)+2Eu (IR)
[2]

and we should expect a total of six 
bands to appear in the Raman spec-
trum of BaFX. The polarizability ten-
sors for the Raman active modes are:
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A1g = 
a   0   0
0   a   0
0   0   b

c    0    0
0   –c   0
0    0   0

0    0    d
0    0   0
d    0   0

0   0   0
0   0   d
0   d  0

, B1g = , Eg = and .[              ] [              ] [               ] [              ]
[3]

Raman spectra of the BaFX com-
pounds have previously been re-
ported and the bands assigned to 

specific lat tice vibrational modes 
(10 –12). Powder Raman spectra of 
BaFCl, BaFBr, and BaFI are shown 
in Figure 1. Each spectrum consists 
of two A1g , one B1g , and three Eg 
Raman bands, as predicted by group 
theory. The Raman band positions 
from Figure 1, the lattice vibrational 
modes from which they arise, and 
the directions of the atomic motions 
for the specific vibrational modes, 
a s  re por ted by  Haeuse le r  (11) ,  
are indicated in Table I. The notations 
“parallel” and “anti-parallel” are used 
here to denote the motion of the ha-
lide plane relative to that of the Ba 
atom, which is positioned immediately 
below the halide plane. An example 
of this distinction is illustrated by the 
parallel and anti-parallel motions of 
the A1g and Eg modes depic ted in 
Figure 2. The c crystallographic axis 
is shown in the figure; the halide plane 
lies in the ab crystallographic plane.  
The BaFBr Raman bands at 211.0 cm-1 
and 237.5 cm-1 are attributed to mo-
tions of the F atoms, and, there-
fore, the parallel and anti-parallel 
halide designations do not apply to 
these bands. Those modes consti-
tuted primarily of Ba and X motion 
will be referred to as halide modes, 
whereas those consisting of motions 
of the F atoms will be described as 
fluoride modes.

Given that BaFCl, BaFBr, and BaFI 
all have the same crystal structure, 
one might expect straightforward 
differences in the Raman spectra en-
tirely attributable to the mass of the 
halide atom. In the classical descrip-
tion of vibrational spectroscopy, the 
frequency of the vibrational mode 
is proportional to the square root 
of the vibrational force constant and 
inversely proportional to the square 
root of the reduced mass of the oscil-
lator. Therefore, absent any changes 
in chemical bonding, we would ex-
pect all Raman bands associated 
primarily with halide motion to shift 
commensurate with hal ide mass 
substitution, and show no change 
in relative intensity. However, all the 

TABLE I: Lattice vibrational modes and Raman band positions of BaFX

Vibrational Mode BaFCl 
(cm-1)

BaFBr 
(cm-1)

BaFI 
(cm-1)

Eg, ab-motion, parallel, X mode 82.0 75.0 66.0

A1g, c-motion, parallel, X mode 131.5 103.0 76.5

Eg, ab-motion, anti-parallel, X mode 143.0 108.5 100.5

A1g, c-motion, anti-parallel, X mode 164.5 122.5 109.0

B1g, c-motion, F mode 216.0 211.0 201.5

Eg, ab-motion, F mode 251.5 237.5 217.5
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FIGURE 1: Powder Raman spectra of BaFCl (green), BaFBr (red), and BaFI (blue).
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FIGURE 2: (Top) Lattice vibrational modes of A1g and Eg symmetry involving 
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A1g and Eg symmetry involving primarily barium and halide motion. The band 
wavenumbers shown here are those of the BaFBr Raman spectrum.
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  Raman band strengths change significantly with halide sub-
stitution, thereby indicating changes in the polarizabilities 
of the chemical bonds. Also, even though the halide bands 
shift to lower wavenumber with increased halide mass as 
expected, they do not do so in a simple manner related 
only to reduced mass. Indeed, the magnitude of the band 
shift with halide substitution depends on whether the vi-
brational motion is parallel or anti-parallel. Furthermore, 
the fluoride bands shift significantly to lower the wave-
number with increasing halide mass, even though halide 
motion does not significantly contribute to the fluoride  
vibrational modes.

Besides the shif ting of Raman bands with chemical 
composition, we note the changes in the band inten-
sities because of the dif ferent polarizabilities of the 
chemical bonds. Specifically, increasing polarizability of 
a chemical bond should yield a corresponding increase 
in the Raman scattering strength of vibrational modes 
associated with that bond. The A1g and the Eg parallel 
bands are the weakest of the halide bands, and show 
no intensity change as the composition changes from 
BaFCl to BaFBr. In contrast, the A1g and Eg anti-parallel 
bands are considerably stronger than the parallel modes,  
and their Raman scattering strength decreases with com-
positional change from BaFCl to BaFBr. The composi-
tional change from BaFBr to BaFI causes both A1g bands 
to grow considerably stronger, the Eg parallel band to 
moderately strengthen, and the Eg anti-parallel band to 
significantly weaken. The fluoride bands strengthen mod-
erately as the composition changes from BaFCl to BaFBr.  
However, the change to BaFI causes the B1g c-motion 
fluoride band to significantly strengthen relative to the 
moderate intensity increase observed for the Eg ab-mo-
tion fluoride band. Perhaps the most salient feature of 
the Raman band strength changes is the significant signal 
increase with compositional change (X = Cl → Br → I)  
of those bands, halide and fluoride, arising from motions 
along the c-axis. These Raman spectra reveal by their 
band shif ts and dif ferent Raman scattering strengths 
that there are significant differences in chemical bond-
ing among the BaFX compounds.

Chemical Bonding and Spectral Analysis
If there were no dif ferences in BaFX chemical bond-
ing, we could expec t bands ar ising f rom primarily 
f luoride motion to have a fairly constant Raman scat-
tering strength, independent of the halide. Also, we 

might anticipate the halide Raman band strength to be 
directly related to the polarizability of the halide ion.  
The electronic polarizability of I- is approximately twice 
that of Cl- (13), and, therefore, if the BaFX compounds 
were entirely ionic, we might expect the BaFI halide 
Raman bands to be stronger than those of BaFCl. How-
ever, this is not the case. Indeed, the BaFBr halide bands 
are of equal or lesser strength than those of BaFCl,  
notwithstanding that the electronic polarizability of Br- 
is 30% greater than that of Cl- (13). Furthermore, the 
intensity of the B1g fluoride band increases dramatically 
in BaFI. Therefore, the basis for the differences in BaFX 
Raman scattering strength for halide and fluoride bands 
must be attributed to changes in the chemical bonding 
and a shift in electron density distribution.

BaFX (X = Cl, Br, I) grows as plate-like crystals of the 
PbFCl or Matlockite structure-type, tetragonal space 
group D4h

7  (P4/nmm). The structure consists of sheets of 

TABLE II: BaFX bond lengths and angles (9)

Compound d(Ba-F) (Å) (Fi-Ba-Fiii) (°) d(Ba-Xii) (Å) d(Ba-Xi) (Å) (Xi-Ba-Xii) (°)

BaFCl 2.649 112.1 3.286 3.196 71.0

BaFBr 2.665 115.5 3.401 3.412 69.6

BaFI 2.694 119.5 3.581 3.836 66.8

http://www.starna.com
mailto:sales@starnacells.com
http://www.starna.com
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barium atoms that are asymmetri-
cally coordinated on either side by 
alternating sheets of f luoride and 
hal ide atoms. The s t ruc ture has 
been viewed by most as a quasi-
layered structure, with a cleavage 
plane or iented perpendicular to 
the c-axis, consisting of alternating 
sheets of [BaF]+ and [X]-. The overall 
coordination number for barium is 
nine, with each barium cation having 
a neighborhood of 4F + 4Xii + 1Xi. 
The fifth halide lying apically above 
the four halide square in an adja-
cent layer. It is ultimately the Ba-Xii 
and Ba-Xi distances that determine 
the extent of layer character in these 
compounds. As the halide ion size 
increases in the series Cl < Br < I, 
pack ing in the hal ide sublat t ice 
becomes significantly constrained. 
This stress is normally relieved by 
a stretching of the c -axis, and is 
manifest by an abrupt change in 
the c/a crystallographic axis ratio 
of the compound. Bond lengths 
and angles of BaFX compounds 
repor ted by Liebich and Nicollin 
are shown in Table II (9). We use 
their atomic labeling as shown in  
Figure 2. The stretching of the lat-
tice along the c-axis is most evident 
by observing the changes in Ba-Xi 
and Ba-Xii bond lengths. For BaFCl, 
the lone apical halide bond is the 
shor test of Ba-Cl bonds, whereas 
for BaFI, the four in-plane Ba-Iii are 
significantly shorter than the apical 
Ba-Ii. The result is that the chemical 
bonding becomes more anisotropic 
or layer-like as the halide changes 
from Cl to I.

T he F i- Ba - F i i i  bond ang le  in -
creases a considerable 7.4° f rom 
BaFCl to BaFI, whereas the metal 
hal ide bond angle X i-Ba-X i i de -
c reases as  the ha l ide becomes 
larger. Quali tat ively, we can de-
scr ibe the f luor ide sublat t ice as 
f lat tening out, whereas the halide 
sublat tice squeezes together axi-
ally. Consequently, we can expect 
the elec tron density in the equa-
tor ial Ba-X ii bonds to be greater 

in BaFI than in BaFCl—that is, the 
equator ia l  bonds become more 
covalent in BaFI. Qualitatively, we 
envision that some elec tron den-
s i t y  moves f rom the ax ia l  Ba-X i 
bond to the equatorial Ba-Xii bonds 
with compositional change to the 
heavier halide, and that the charge 
distribution becomes more delo-
calized in the halide layers.

To clearly apprehend the Raman 
spec tral changes accompanying 
compositional variation, we analyze 
the band separation of common 
pairs. Bases for common pairs can 
be atoms contributing to the vibra-
tional mode, parallel or anti-parallel 
motion, or the symmetry of the mode. 
We see from Table I that separation 
of the fluoride modes (∆νF) of BaFI  
(16.0 cm -1)  is 45% that of BaFCl  
(35.5 cm-1), in spite of the fact that 
no halide motion is involved in the 
fluoride lattice vibrational modes. 
One might expect that halide com-
positional change should have no 
direct effect on the fluoride vibra-
tional mode. Specifically, there is no 
mass change to directly affect the νF 
bands, whereas there is a significant 
mass change in the νX bands. A par-
tial explanation for the decreases in νF  
(see Table I) and ∆νF is the increase 
of Ba-F bond lengths—see d(Ba-F) 
in Table II—in the BaFCl to BaFI pro-
gression. As d(Ba-F) increases, we ex-
pect the vibrational force constants 
to weaken and the bands to shift to 
lower wavenumbers.

Conclusions
We investigated in detail the Raman 
scattering of BaFX (X = Cl, Br, I) to 
characterize changes in structure 
and chemical bonding. Changes in 
the scat tering strength and band 
positions of the BaFX Raman spec-
tra indicate that with the composi-
tional change from X = Cl → Br → I,  
e lec tron densi t y shi f t s f rom the 
axial Ba-Xi bond to the equatorial 
Ba-X ii bonds with composit ional 
change to the heavier halide, and 
that the charge distribution becomes 

more delocalized in the halide layers. 
This change in electron density sug-
gests an increase in covalency of the 
Ba-X bonds from Cl to I.
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FOCUS ON QUALITY

Are You Ready for the Latest  
Data Integrity Guidance? Part 2:  
Computerized Systems, Outsourcing, 
Quality, and Regulatory Oversight

The new PIC/S data guidance docu-
ment PI-041 was published in July 
2021. This column is the second part of 
a review looking at the expectations for 
computerized systems, outsourcing, 
regulatory actions, and remediation 
of data integrity failures. Spoiler alert: 
You won’t like this column if you use 
hybrid systems. 

R D McDowall

The final version of the PIC/S guid-
ance on Good Practices for Data 
Management and Integrity in Regu-

lated GMP/GDP Environments with a doc-
ument number PI-041 (1) was published in 
July of 2021. The document scope covers 
all activities under the remit of both Good 
Manufacturing Practice (GMP) and Good 
Distribution Practice (GDP) regulations. 
This column will only focus on laboratories 
working to GMP. 

The last “Focus on Quality” column 
reviewed the first part of the document 
covering scope, data governance, orga-
nizational influences on data integrity (DI) 
management, general DI principles, and 
specific DI considerations for paper re-
cords (2). In this second part of the review, 
we focus on the requirements for comput-
erized systems and take a high-level look at 
outsourcing, regulatory actions, and reme-
diation of data integrity failures.

Specific DI Considerations  
for Computerized Systems
Section 9 of PI-041 is focused on specific 
considerations for ensuring data integrity 
for computerized systems (1). Section 9 is 
probably the most pertinent section for 
Spectroscopy readers because the major-

ity of spectrometers have a workstation 
attached with application software to con-
trol the instrument and acquire, process, 
report, and store spectroscopic data. PI-
041 section 9 consists of 10 subsections, as 
shown in Figure 1. This column covers the 
key sections from this guidance, starting 
with the Pharmaceutical Quality System, 
and the role it should (but often does not) 
play in controlling computerized systems.

Role of the PQS in Controlling  
Computerized Systems
To ensure overarching control of com-
puterized systems and the processes 
automated by them, the Pharmaceutical 
Quality System (PQS) needs to ensure  
the following:
• Evaluation and control of computer-

ized systems to meet GMP regula-
tions (essentially Chapter 4 and Annex 
11 [3, 4])

• That a system meets its intended 
purpose 

• Knowledge of the data integrity risks 
and vulnerabilities of each system and 
the ability to manage them. 

• Knowledge of the impact each sys-
tem has on product quality and the 
criticality of the system
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• Ensuring that data generated by a 
system is protected from accidental 
and deliberate manipulation

• An assessment that suppliers of 
computerized systems have an ad-
equate understanding of applicable 
regulations, and that understanding 
is reflected in the applications that 
they market

• An assessment of the criticality and 
risks to the data and metadata gen-
erated by each system. Data process 
mapping is one way to understand 
how the system operates, the meta-
data used to acquire and manipulate 
data, how the data are stored, and 
the access allowed to each user role. 

These areas are discussed in more de-
tail in the remaining subsections in this 
part of the PI-041 guidance. 

Data Integrity and Compliance  
Starts with System Purchase
Do you have a death wish to keep per-
petuating data integrity problems? If you 
are a DI team member, a CSV expert, or 
a consultant, you may have answered 
“Yes.“ However, if you work in the labo-
ratory and must trudge through miles of 
procedural controls to ensure data integ-
rity, the answer should be a resounding 
“No.” See the discussion on the hidden 
factory in your laboratory for a detailed 

description of the pain that paper can 
cause (5). But that lovely shiny new spec-
trometer that has just been delivered 
has arrived to resolve problems has the 
same old issues you have with the current 
one—a lack of data integrity controls.  
If you want to make money out of data 
integrity, buy shares in paper companies. 
You focused on the instrument and not 
the software during the selection pro-
cess, you naughty people! 

To avoid perpetuating data integrity 
problems, it is essential that any new 
analytical instruments and computerized 
systems have adequate technical controls 
in the software to protect the electronic 
records. Clause 9.1.4 of PI-041 notes that 
laboratories must ensure that suppliers 
have an adequate understanding of regu-
lations and data integrity requirements, 
and, as noted in 9.3 item 1, specific atten-
tion should be paid to the evaluation of 
data integrity controls (1). Purchase of in-
adequate instruments is still a problem, as 
shown by Smith and McDowall, who ana-
lyzed over 100 FDA citations for infrared in-
struments. Over 40% of the citations were 
because of lack of software controls pres-
ent before the instrument was purchased, 
such as no security, conflicts of interest, 
or no audit trail (6). Although there is the 
regulatory expectation that one should not 
purchase inadequate systems, as laborato-

ries focus on the instrument and not the 
software data, integrity problems will  
be perpetuated. 

It’s Only an FT-IR, Isn’t It?
Don’t forget how the Purchasing depart-
ment can screw up data integrity. You may 
have spent time and effort in the evalua-
tion of a specific instrument, and the soft-
ware and the capital expenditure justifica-
tion goes through the approval process. 
You await delivery of a shiny new red spec-
trometer but a yellow one you rejected due 
to inadequate software turns up instead.  
The gnomes of Purchasing have struck 
again, saying, “I got this one $1,000 
cheaper on eBay!” The excuse goes 
along the lines “Its only an FT-IR, isn’t it?” 
Purchasing needs to be brought into the 
data integrity loop; otherwise what hope 
is there for your organization?

Validation of Systems
Clause 9.2.2 make an excellent point that a 
system may be validated, but the data may 
still be vulnerable (1); for more discussion on 
this point, please read a previous “Ques-
tions of Quality” column on this topic (7). 

Section 9.3 has the first mention of the 
expectation and potential risk of not meet-
ing regulatory expectations, with six topics 
for validation and maintenance (1). Listed 
below are the expectations and my com-
ments; for the risks of not meeting them, 
you’ll have to read the document itself:
1. Purchasing systems that have been 

properly evaluated, including their 
data integrity controls, and validat-
ing them for intended use is a key 
expectation that most people will 
ignore totally. We will revisit this later. 
Software configuration settings must 
be documented, as this is a key part 
of validation. This section also cov-
ers legacy systems and where data 
integrity controls are lacking “addi-
tional controls,” meaning SOPs and 
training should be implemented. 

2. There should be an inventory of all 
computerized systems, with risk as-
sessments and data vulnerability as-
sessments. Now, we have an incon-
sistency with clause 3.7 that states 
that this guide is not mandatory or 

PIC/S PI-041
Good Practices for Data

Management and Integrity in
Regulated GMP/GDP Environments

9. Speci�c Data
Integrity Considerations

for Computerized
Systems

9.1 Structure of
PQs and Control 
of Computerized

Systems

9.2 Quali�cation
and Validation of

Computerized
Systems

9.3 Validation
and Maintenance

9.4 Data
Transfer

9.5 System
Security for

Computerized
Systems

9.6 Audit Trails
for Computerized

Systems

9.7 Data
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for Computerized
Systems
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FIGURE 1: Specific data integrity considerations for computerized systems 
(from PIC/S PI-041)
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enforceable under law. However, there 
is a legal requirement in Annex 11 for 
an inventory in clause 4.3, as well as ap-
plication of risk management in clause 
1 (3). Data process mapping to identify 
data integrity vulnerabilities, and then 
remediating them, is common sense 
in today’s regulatory environment (8). 

3. For new systems, a Validation Sum-
mary Report (VSR) is expected, along 
with a shopping list of items that need 
to be included, including a list of all 
users, configuration details, etc. (1). 
The writers of this document appear 
to have forgotten the middle word 
of what is being written: summary. 
A VSR is a concise document that 
should point to where such informa-
tion can be found in the suite of vali-
dation documents. Who in their right 
mind would include a list of all current 
users in a VSR, especially for a large 
networked application? “Bonkers”  
is the politest word I can use.

4. The validation and testing approach 
outlined is based on Annex 15 on 

Qualification and Validation (9), 
rather than Annex 11 for Computer-
ized Systems (3). As such, it is a poor 
and apparently inflexible approach 
being focused on manufacturing 
rather than laboratory systems, as 
it lists user requirement specifica-
tions (URS), design qualification 
(DQ), factory acceptance test (FAT), 
site acceptance test (SAT), installa-
tion qualification (IQ), operational 
qualification (OQ), and performance 
qualification (PQ) documents (1).  
How many laboratories perform FAT 
and SAT testing in their validations? 
This approach ignores clause 2.5 in 
Annex 15 allowing the merger of doc-
uments (9), and, furthermore, does 
not reference clause 1 of Annex 11 
(3) regarding the use of risk manage-
ment to determine the extent of vali-
dation work required. The list omits 
the configuration specification ,and,  
if custom software is being devel-
oped, functional and design specifica-
tions. In all, a poor set of expectations.

5. Periodic review is another concept 
not mandatory or enforceable under 
law. However, we now reach the 
point where this becomes audience 
participation time in a British panto-
mime, where the evil regulatory villain 
shouts to the audience it’s not en-
forceable by law—and the laboratory 
audience shout back, “Oh, yes it is!”  
Have you ever read Annex 11 clause 
11 on periodic evaluation (3)?

6. We now come to the point in PI-
041 where the regulatory enthu-
siasm for regular system updates  
(such as, for example, patches and 
application upgrades) meets the 
buffers of pharmaceutical reality—
requirements for timely update of 
security patches (1). We assess this 
in a separate section.

Data Transfer
Another pantomime moment arrives when 
we consider section 9.4 and data transfer. 
• The “not mandatory” or “enforceable 

under law” statement is inconsistent 
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with item 1 about the need to validate 
data transfer. This is a specific require-
ment of clause 5 of Annex 11 (3).

• A good point regarding PI-041 is 
when software is updated, the labo-
ratory should confirm that old data 
can still be read (1). This may be in 
the existing data format, or may re-
quire migration to a new data format,  
but this is another specific require-
ment in clause 4.8 of Annex 11 (3) that 
is legally enforceable. 

Now we come to what we say in English 
is the pièce de résistance: When conver-
sion to the new data format is not possible, 
the old software should be maintained. 
Aargh! Computer museum, here we come!  
The problem is that the life of the data ex-
ceeds the life of the instrument that created 
them. One way of keeping a system on life 
support could be virtualization, provided 
that the software does not have a dongle 
or requires the instrument to be connected 
to operate. Expectation 3 also looks at the 
problem further, and suggests conversion 
to a different file format while acknowledg-
ing that data could be lost as a result, but 
that the process needs to be controlled 
and validated. The problem is that spectro-
scopic data are mainly dynamic, and guid-
ance documents expect dynamic data to 
remain dynamic (1,10–12). 

System Security and Access Control
Section 9.5 covers five pages as it sets the 
expectations for system security, appropri-
ate access to user functions, configuration 
to ensure data integrity, network protec-
tion, and restrictions on use of USB devices 
(1). Rather than go though the shopping list 
of non-mandatory expectations, I’ll cherry 
pick the key items from my perspective.  
In doing this, I’m making the assumption 
that you know about individual user iden-
tities with appropriate access privileges. 
Please read the guidance document to 
gain the full picture of the regulatory  
expectations here. 

Strict segregation of duties is essential 
so that administrators are independent of 
laboratory users, which is reflected in sev-
eral other regulatory guidances (1,10–12). 
However, one of the common questions 
that arises during training is if a labora-

tory has a standalone system with only a 
few users, how should this be achieved?  
The PIC/S guidance recognizes that this is 
a potential problem for smaller organiza-
tions ,and suggests that a user can have 
either two user identities or roles: 
• An administrator with no user func-

tions 
• A user with no administrator functions. 

However, if this option is selected,  
it is critical that the audit trail records the 
respective activities to demonstrate no  
conflict of interest (1). 

The format and use of passwords must 
be controlled. This subject was discussed 
at length in a previous “Focus on Quality” 
column (13); don’t have complex pass-
words that are difficult to remember but 
string easy to remember words together. 
Doing so will save those groveling calls to 
the help desk saying you have forgotten 
your password and locked your account. 

In expectation 1, it is noted that a system 
should generate a list of successful and 
unsuccessful login attempts, with dates 
and times plus a session length if a user 
has successfully logged in. For the latter 
expectation in a document that is pur-
portedly nonmandatory and not legally 
enforceable requirements, this is going 
too far—you can work this out by log-on 
and log-off times.

There are many security expectations 
reading as a list of system requirements 
that most users won’t have read, or even 
bother with, during selection of an instru-
ment and its data system. For example, 
can a system generate a list of users 
with user identification and their role?  
Most networked systems can generate a 
similar list, but not many standalone sys-
tems can, as this does not feature on the 
horizon of supplier requirements. If you use 
spreadsheets, forget it!

Network protection, including antivirus 
software, intrusion detection, and fire-
walls, is covered in table 9.5.3; as noted 
earlier, operating security patching was 
mentioned in table 9.3.6 (1). Personally,  
there should have been a separate section 
on cybersecurity that merges both these 
elements instead of separating them. 

Table 9.5.3 discusses electronic sig-
natures and notes that records must be 

permanently linked to their respective 
record, along with the date and time of 
signing (1). Again, in contrast to clause 3.7, 
this is a legal requirement lifted directly 
from clause 14 of Annex 11 (3). An exten-
sion to the requirements of Annex 11 is the 
expectation to revoke an electronic signa-
ture, but show on the record that it is now 
unsigned. Finally, there is encouragement 
to use biometric and digital signatures,  
I have doubts this will be implemented on 
small laboratory systems until the market 
requires it, and the technology reduces 
in price. The placing of this discussion is 
strange: security. I would have positioned 
it as a way of improving data integrity and 
process efficiency by eliminating paper 
in Section 9.8, as many systems are still 
hybrid. Hybrid systems will be discussed 
later. Another spoiler alert! You won’t like 
the comments.

There is a specific section on the control 
of USB devices, either as sticks or thumb 
drives, but also cameras, smartphones,  
and other similar equipment (1). This section 
is to ensure that malware is not introduced 
into an organization, and devices are not 
used to copy and manipulate data. See the 
discussion on the use of USB sticks in a ear-
lier “Focus on Quality” column this year (14).

Audit Trails Are Critical  
for Data Integrity
In contrast with the security section, the 
one for audit trails is shorter, which is sur-
prising given how critical an audit trail is for 
ensuring traceability of actions and data in-
tegrity. The first expectation is that a labo-
ratory purchases a system with an audit 
trail. However, there is an alternative option 
available in EU GMP Annex 11 clause 12.4 
that management systems for data and for 
documents should be designed to record 
the identity of operators entering, chang-
ing, confirming, or deleting data, including 
date and time (3). Therefore, if an applica-
tion can meet 12.4 requirements, then an 
audit trail is not required.

The guidance reiterates that proper 
system selection should ensure that soft-
ware should have an adequate audit trail 
that users must verify the functionality of 
during the validation (1). Some applica-
tions may have more than one audit trail, 
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and it is important to know which ones are 
important for monitoring changes to data.  
A good point is that the guidance suggests 
looking at entries for changes to data with 
a focus on anomalous or unauthorized 
activities to allow review by exception.  
With software having more than one audit 
trail, the review of any noncritical audit trails 
can be performed in periodic reviews at 
longer time intervals. 

The guidance reiterates the issue with 
proper selection of software, as systems 
that prevent users from changing param-
eters or permission settings can reduce 
the need for detailed review of all audit 
trail entries. This allows a laboratory to im-
plement an effective review by exception 
approach—but only where there are effec-
tive controls that have been implemented, 
documented, and validated.

Know and Manage Data Vulnerabilities
The guidance is very clear, along with the 
WHO and MHRA guidances (10,11), that 
laboratories must know the criticality of 

data generated by any computerized 
system, as well as any vulnerabilities (1).  
Data process mapping (8) is suggested as 
a way of identifying vulnerabilities such as 
shared user identities, or data files stored 
in directories that can deleted outside of 
the application with no audit trail entry. 
The regulatory expectation is that these 
vulnerabilities should be fixed using tech-
nical controls, although the guidance ac-
knowledges that legacy systems may re-
quire procedural controls to ensure data 
integrity before these are updated or re-
placed. Clause 9.2.2 makes the point that 
a system may be qualified, calibrated, and 
validated, but there is no guarantee that 
the data contained within it are adequately 
protected (1), hence the need to identify 
and mitigate any data vulnerabilities.

Don’t Touch the System – It’s Validated!
The traditional approach to validation 
of a computerized system in a regulated 
laboratory is once validated, no changes 
to the system are made. In contrast, in the 

security section the PIC/S guidance takes 
a more pragmatic approach on page 37, 
and suggests that computerized systems 
should be updated in a timely manner, in-
cluding security patches and new applica-
tion versions (1). This is good in principle, 
but there needs to be a different mindset 
within industry to commit and follow this in 
practice. For example, it is easier to update 
an application incrementally with minor re-
validation rather than wait until the applica-
tion goes out of support, and panic as a 
full validation and possible data migration 
project may be required. However, the de-
tail provided here appears to be more of 
an inspector’s checklist with little flexibility.

Operating a Computerized System
Sections 9.7 to 9.9 cover the operational 
use of a computerized system from data 
entry, through data review, data storage, 
and finally destruction of the e-records 
(1). Yet again, there are regulatory expec-
tations listed that are regulatory require-
ments, such as:

http://www.rigakuedxrf.com
http://www.rigakuedxrf.com
mailto:info@rigakuedxrf.com
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• 9.7.1 Critical data entered manually should be verified by a 
second person or a validated process (clause 6 of Annex 11) (3)

• 9.7.2 Changes to data need to be authorized and controlled. 
I’m not certain that “authorized” is the correct word, as the 
regulations merely use the word “reviewed.” However, these 
are regulations in Chapter 4.9 (4), Chapter 6.17 vii (15), and 
Annex 11.9 (3).

Some other nuggets of gold are:
• 9.8.1 requires a risk assessment to identify all GMP critical 

data (1). Whoa! We performed an analysis, but, before we 
review the data, we need to identify critical data. We are in 
the process of reviewing data, and we need a risk assess-
ment? This should have been undertaken during evaluation 
and validation!

• There is the requirement to write an SOP to review audit trails 
(1). This is wrong. Look around your laboratory; how many 
different systems are there? There are basic regulatory re-
quirements for audit trails, but there is no standard imple-
mentation. You won’t have one SOP for audit trail review; you 
will have as many review procedures as you have computer-
ized systems (assuming that each one has an audit trail). A far 
better approach would be to have a single SOP for second 
person review that calls the appropriate procedure or work 
instruction for audit trail review, as shown in Figure 2. This is 
an easier way to review audit trails rather than have a generic 
SOP that will be useless, as it will not have enough detail for 
each system’s audit trail review. 

• An expectation is the need for quality oversight of audit trail 
review that should be incorporated into the Chapter 9 self-
inspections (16) in an organization. 

• Back to regulations disguised as expectations; most of 
the items in section 9.9 can be derived from clause 7 of 
Annex 11 (3):
• Backup must include all data and associated metadata, 

and be capable of recovery
• Backups should be readable
• In the absence of alternatives, backup using USB devices 

must be carefully controlled. Backup must be performed 
automatically and must not use either drag and drop or 
copy and paste. The backup must not allow data dele-

tion (1) which implies that it should be performed by an 
independent person.

There is an assumption that data will be archived offline;  
however, networked systems can archive data on-line by making 
the data read only, and only accessible by designated users. 

Managing Hybrid Systems
For those that use hybrid systems, Section 9.10 does not make 
for comfortable reading; such systems are not encouraged,  
and should be replaced as soon as possible (1). They also require 
additional controls, due to the complexity of the record set and 
increased ability to manipulate data. This is essentially the same 
as the stance taken by the WHO guidance (10).

A potentially onerous requirement is a detailed system de-
scription of the entire system that outlines all major components, 
how they interact, the function of each one, and the controls to 
ensure the integrity of data. How many hybrid systems do you 
have in your laboratory, including spreadsheets?

To read further about hybrid systems, and why they need to be 
replaced, see the following references (17–19).

Outsourced Activities
When GMP work is outsourced, such as API production, con-
tract manufacture, or contract analysis, the same principles of 
data integrity are expected. After an adequate assessment 
of the facility, technical ability, and approaches to data in-
tegrity, requirements for DI and escalation of data integrity 
issues to contract giver need to be included in agreements 
between the two parties, as required by Chapter 7 (20). 
Limitations of summary reports were discussed in Part 1 of this 
review, as well as ways of reviewing analytical data remotely by  
video conference (2).

Regulatory Actions for DI Findings
Section 11 has a section where the various PIC/S regulations 
and guidance documents are mapped to the ALCOA+ crite-
ria. Of most use is a classification of data integrity deficien-
cies in four categories (1):
• Critical: Impact to product with actual or potential risk to 

patient health

SOP for Second
Person Review

System 1
Audit Trail

Review
Instructions

System 2
Audit Trail

Review
Instructions

System 3
Audit Trail

Review
Instructions

System 4
Audit Trail

Review
Instructions

System n
Audit Trail

Review
Instructions

FIGURE 2: Procedure for second person review with linked specific work instructions for individual system audit trail review.
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• Major: Impact to product with no risk to patient health
• Major: No impact to product, evidence of moderate 

failure
• Other: No impact to product, limited evidence of failure

Examples given for each of the above deficiency catego-
ries are given to help during inspections. It may be prudent to 
adopt the same approach for classifying DI findings in internal 
audits or supplier assessments. 

Remediation of DI Failures
The last section is guidance of how an organization should in-
vestigate data integrity failures. The process is shown in Figure 3  

that is taken from Section 12.1.1.1 in PI-041 (1). What the guidance 
does not state is that a data integrity investigation is a very de-
tailed process and time-consuming process. From personal ex-
perience, it is unlikely that any root cause will be determined at 
stage 2 of the investigation (interviewing employees). Root cause 
determination comes at stage 6 of Figure 3, when the investigation 
team has a complete picture of the extent and depth of the data  
integrity problems. 

In addition to identification of data integrity problems, a data 
integrity investigation will also identify poor data management 
practices. Don’t ignore them, they need to be identified, classified, 
and remediated in parallel, as they could be the source of the next 
data integrity investigation. These will also be included in the data 
investigation report.

PI-041 makes the assumption that all data integrity problems 
are caused by evil people. This is not so. I have been involved with 
one investigation that was caused by a software error (18). 

The only other data integrity guidance that goes into de-
tail about investigations is the FDA data integrity guidance in  
Question 18 (12) that calls out the agency’s Application Integrity 
Policy (21), which is broadly similar to that shown in Figure 3.

Some of the outcomes of an investigation could be:
• Data in a product license submission are falsified 
• Data manipulation resulting in a risk to patient health, neces-

sitating a batch recall

– 
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FIGURE 3: Process for investigation of data integrity fail-
ures (PIC/S PI-041).
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Is there a material impact that requires 
the company to inform one or more regu-
latory authorities? The classic data integ-
rity case is that of AveXis, a subsidiary of 
Novartis, and data integrity lapses found 
during the development of the biological 
Zolgensma for treating muscular atrophy. 
The company was granted a product li-
cense for the product, and then told the 
FDA there were data integrity problems. 
Understandably, the FDA were not happy 
campers, and in July 2019 went on site and 
subsequently issued a 483 (22). The issue 
is that a company needs to have a good 
understanding of all of the data integrity 
issues, and have at least a draft report 
available before approaching a regulatory 
authority to discuss the lapses.

Section 12 ends with a discussion on the 
indicators of improvement following an 
onsite inspection to verify that the CAPA 
actions have been effective. Indicators of 
improvement are listed as (1):
• A thorough and open investigation 

of the issue, and how to implement 
effective CAPA actions

• Having open communications with 
clients and other regulators

• Evidence of open communication of 
the DI expectations, and processes 
for open reporting of issues and op-
portunities for improvement across 
the organization

• Resolution of the DI violations, and 
remediation of computerized system 
vulnerabilities

• Implementation of data integrity poli-
cies with effective training

• Implementation of routine data verifi-
cation practices 

The best advice I can offer is to ensure 
that DI principles are infused throughout 
the organization, the PQS, and computer-
ized systems, and your staff are trained in 
the DI policies. The effort and cost, along 
with loss of reputation with regulatory au-
thorities, is not worth any efforts to save 
money. The cost of noncompliance is al-
ways much more expensive than the cost 
of compliance (23).

Summary
This two-part column has focused on the 
section of the new PIC/S PI-041 guidance 

on Good Practices for Data Management 
and Integrity in Regulated GMP/GDP En-
vironments dealing with computerized 
systems. It is a good guidance, with a wide 
scope and a lot of detail, but it had the po-
tential to be much better. The reason is that 
it veers in places from guidance with room 
for interpretation to a regulatory checklist 
list, especially for computerized systems. 
Some of the requirements, such as to be 
up to date with patching, won’t meet with 
reality, as there are many laboratory systems 
using obsolete operating systems that will 
be unable to be patched. As a result, some 
requirements cannot be implemented.
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Impact of Measurement Protocol on 
ICP-MS Data Quality Objectives: Part II

The first part of this article focused 
on the fundamental principles of a 
scanning quadrupole and how mea-
surement protocol can be optimized 
based on the data quality objectives of 
the analysis and in particular the com-
promise between limit of detection 
and sample throughput. Part 2 looks 
at different ways to assess detection 
capability when processing continu-
ous signals generated by a conven-
tional sample introduction system, 
and also transient signals produced 
by different types of sampling meth-
ods such as chromatographic sepa-
ration techniques and nanoparticle  
size studies.

Robert Thomas

Detection capability is a term 
used to assess the overall de-
tection performance of an in-

ductively coupled plasma (ICP)–mass 
spectrometry (MS) instrument. There are 
a number of different ways of looking at 
detection capability, including instrument 
detection limit (IDL), limit of quantitation 
(LOQ), elemental sensitivity, background 
signal, method detection limit, and 
background equivalent concentration.  
Of these four criteria, the IDL is generally 
thought to be the most accurate way of 
assessing instrument detection capabil-
ity, but it’s important to emphasize that it 
is not considered an assessment of real-
world limit of quantitation. It is often re-
ferred to as signal-to-background noise, 
and for a 99% confidence level is typically 
defined as 3× standard deviation (SD) of 
n replicates (n = ~10) of the sample blank 
and is calculated in the following manner:

IDL = 3 x SD of BG × Analyte Conc.

Analyte Signal - BG Signal
[1]

However, there are slight variations 
of both the definition and calculation of 
IDLs, so it is important to understand how 
they are being calculated if a comparison 
is to be made. So, for example, are they 
being run in single-element mode, using 
extremely long integration times (5–10 s) 
to achieve the highest-quality data, or in 
multielement mode using multielement 
standards? Whatever measurement pro-
tocol is used, it is generally acknowledged 

that the achievable LOQ of an analysis is 
approximated by multiplying the instru-
ment detection limit by at least a factor 
of 10 and with some difficult samples, 
by a factor of 100. So, when comparing 
instrument detection capability, it is im-
portant to know and understand what 
measurement regime is being used.

Method Detection Limits
A more realistic way of calculating ana-
lyte detection limit performance in your 
sample matrices is to use the method de-
tection limit (MDL). The MDL is broadly 
defined as the minimum concentration 
of analyte that can be determined from 
zero with 99% confidence. MDLs are cal-
culated in a similar manner to IDLs, except 
that the test solution is taken through the 
entire sample preparation procedure 
before the analyte concentration is mea-
sured multiple times. This difference be-
tween MDL and IDL is exemplified in EPA 
Method 200.8 where a sample solution 
at 2–5 times the estimated IDL is taken 
through all the preparation steps and ana-
lyzed. The MDL is then calculated in the 
following manner: 

MDL = (t) x (S)
                   [2]

where t = Student’s “t” value for a 
95% confidence level and specifies a 
standard deviation estimate with n − 1 
degrees of freedom (t = 3.14 for 7 rep-
licates) and S = the SD of the replicate 
analyses.

ATOMIC PERSPECTIVES
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Both IDL and MDL are very useful in 
understanding the capability of an ICP-
MS system. However, regardless of the 
method used to compare instrument 
detection limits, it is essential to carry 
out the test using realistic measure-
ment times that reflect your analytical 
situation. For example, if you are deter-
mining a group of elements across the 
mass range in a digested rock sample, 
it is important to know how much the 
sample matrix suppresses analyte sensi-
tivity, because the detection limit of each 
analyte will be impacted by the amount 
of suppression across the mass range.  
On the other hand, if you are carrying out 
high-throughput multielement analysis 
of drinking or wastewater samples, you 
probably need to be using relatively short 
integration times (1–2 s per analyte) to 
achieve the desired sample throughput. 
Or if you are dealing with a laser ablation 
transient peak that perhaps lasts just a few 
seconds, it is important to understand the 
impact that the time has on detection 
limits compared to a continuous signal 
generated with a conventional nebulizer.  
In other words, when comparing detec-
tion limits, it is critical that the tests rep-
resent your real-world analytical situation.

Analyte Sensitivity and Background
Elemental sensitivity is also a useful assess-
ment of instrument performance, but it 
should be viewed with caution. It is usually 
a measurement of background-corrected 
intensity at a defined mass, and is typically 
specified as counts per second (cps) per 
concentration (ppb or ppm). However, 

unlike detection limit, raw intensity usu-
ally does not tell you anything about the 
intensity of the background or the level of 
the background noise. It should be em-
phasized that instrument sensitivity can 
be enhanced by optimization of operat-
ing parameters such as RF power, nebu-
lizer gas flows, torch-sampling position, 
interface pressure, and sampler or skim-
mer cone geometry, but usually comes at 
the expense of other performance criteria, 
including oxide levels, matrix tolerance, or 
background intensity. So, be very cautious 
when you see an extremely high sensitiv-
ity specification, because it could be that 
the instrument has been optimized for 
sensitivity, and, as a result, the oxide or 
background signal might also be high. For 
this reason, it is unlikely there will be an 
improvement in detection limit unless the 
increase in sensitivity comes with no com-
promise in the level of the background. 

It is also important to understand the 
difference between background and back-
ground noise when comparing specifica-
tions (the background noise is a measure 
of the stability of the background and is 
defined as the square root of the back-
ground signal). Most modern quadrupole 
instruments today are capable of 100–200 
million cps per ppm of a mid-mass isotope 
such as rhodium (103Rh+) or indium (115In+) 
and <1–2 cps at a background mass where 
there are little or no spectral features (usu-
ally at 220 amu), However, some commer-
cial instruments offer what is called a high 
sensitivity option with sensitivity in the 
order of 1 billion cps/ppm. This is a very at-
tractive feature for many application areas, 

particularly when characterizing small in-
clusions on the surface of a geological 
mineral using laser ablation. However, 
when solution nebulization is being carried 
out, the additional sources of noise related 
to the sample introduction system (men-
tioned earlier) could have a negative im-
pact on the background and the increased 
sensitivity might not produce a significant 
improvement in the detection capability.

Background Equivalent  
Concentration (BEC)
Another useful figure of merit that is being 
used more routinely nowadays is back-
ground equivalent concentration (BEC), 
defined as the intensity of the background 
at the analyte mass, expressed as an ap-
parent concentration and is typically cal-
culated in the following manner:

BEC = Intensity of BG Signal x Analyte Concentration 

Analyte Intensity - BG Intensity
[3]

BEC is considered a more realistic as-
sessment of instrument performance in 
complex sample matrices (especially if 
the analyte mass sits on a high continuum 
or background feature), because it gives 
an indication of the level of the back-
ground, defined as a concentration value.  
Detection limits alone can sometimes 
be misleading because they are influ-
enced by the number of readings taken, 
integration time, cleanliness of the blank, 
and at what mass the background is 
measured—and are rarely achievable in 
a real-world situation. Figure 1 empha-
sizes the difference between detection 
limit and BEC. In this example, 1 ppb of 
an analyte produces a signal of 10,000 cps 
and a background of 1000 cps. Based on 
the calculations defined earlier, the BEC is 
equal to 0.11 ppb, because it is expressing 
the background intensity as a concentra-
tion value. On the other hand, the detec-
tion limit is 10 times lower because it is 
using the SD of the background (or the 
noise) in the calculation. For this reason,  
BECs are particularly useful when it comes 
to comparing the detection capabilities of 
techniques such as cool or cold plasma 
and collision–reaction cell interface tech-
nology, because it gives a very good 

10,000 cps/ppb

1000 cps (SD=32 cps)

FIGURE 1: Detection limit is calculated using the noise of the background, whereas 
background equivalent concentration is calculated using the intensity of the back-
ground signal. Abscissa label is mass (m/z), and ordinate label is Intensity (cps).
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indication of how well the polyatomic 
spectral interference has been reduced.

Transient Peak Capability
Peak measurement protocol wouldn’t 
be complete without mentioning that 
some applications involve a signal that 
is transient in nature. Most ICP-MS ap-
plications involve a continuous signal 
generated by a sample that is being as-
pirated into the plasma by a conventional 
pneumatic nebulizer and spray chamber.  
However, for some analyses, the sample 
is being delivered over a finite period 
of time dictated by the sampling sys-
tem. Common ICP-MS applications that  
generate transient signals include:
• nanoparticle size studies 
• laser ablation of solid samples
• electrothermal vaporization (ETV) of 

small volume samples 
• flow injection analysis of samples with 

high dissolved solids 
• high performance liquid chromatogra-

phy (HPLC) separation systems for spe-
ciation studies.
Depending on the sampling tech-

nology being used, the duration of the 
transient event can be anything from 
a few milliseconds (nanoparticle stud-
ies) to up to 10 min (HPLC separations).  
For that reason, it is critical to optimize the 
measurement time to achieve the best 
multielement S/N ratio in the sampling 
time available. This is demonstrated in 
Figure 2, which shows the temporal sepa-
ration of a group of elemental species in 
a typical chromatographic transient peak.  
The plot represents signal intensity 
against mass over the time period of the 
chromatogram. When carrying out ele-
mental speciation studies using ICP-MS, 
chromatography transient peaks typically 
last a few minutes, so if 3–4 species of 
the same element are being measured in 
duplicate, as is fairly common when char-
acterizing different species of arsenic in 
water samples, there has to be a realistic 
understanding of the real-world LOQs, 
based on the available measurement 
time. And the more elements being sepa-
rated the more challenging the applica-
tion. So, to get the best detection limits 
for this group of multielement species ex-

emplified in Figure 2, it is very important 
to spend all the available time quantifying 
the analyte peaks of interest (1).

This problem is even more challeng-
ing when the transient peak is lasting 
only a few milliseconds such as signals 
generated by metal-based nanopar-
ticles studies. Nanoparticles, which are 
defined as particles of less than 100 
nm diameter, are now being used in a 
variety of products, including scratch-
proof eyeglasses, crack-resistant paints, 
transparent sunscreens, deodorants, 
stain-repellent fabrics, and ceramic 
coatings for solar cells using a variety of 
metals such as gold, silver, titanium, an-
timony, iron, and silicon. Unfortunately, 

they can get into the environment from 
water treatment plants, effluents, and 
industrial wastes and have a negative 
impact on surrounding ecosystem, af-
fecting the health of animals and plants. 

So instead of dealing with a continu-
ous signal generated by metallic ions 
in solution, the nanoparticles gener-
ate a rapid transient signal, as shown 
in Figure 3. Figure 3a shows a constant 
signal generated by positively charged 
ions in solution. Because the signal is 
continuous it does not matter when the 
measurement dwell time is initiated to 
measure and quantify the analyte mass. 
However, Figure 3b shows a small num-
ber of metal nanoparticles suspended 
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in a sample solution, which will generate 
pulses of charged ions. So the timing of 
the measurement is absolutely critical, 
because the individual pulses could be 
missed if the dwell time isn’t initiated at 
the right time. Depending on the size of 
the nanoparticles, the transient event often 
last less than a millisecond. So, in order to 
fully characterize the peak, dwell times in 
the order of 50–100 microseconds are re-
quired, with settling times as short as pos-
sible. In fact, when attempting to quantify 
the size of the nanoparticles from the num-
ber and intensity of the pulses, no settling 
time is the preferred option to maximize 
the measurement duty cycle (2).

So, to successfully carry out an analy-
sis that generates a transient peak using 
a scanning quadrupole-based ICP-MS 
instrument, a great deal of flexibility is 
required to allow very short dwell and 
settling times to maximize the quality of 
the generated data. For this reason, the 
quadrupole scanning or settling time and 
the time spent measuring the analyte 
peaks must be optimized to achieve the 
highest signal quality, which basically in-
volves optimizing the number of sweeps, 
selecting the best dwell time, and using 
short settling times to achieve the highest 
measurement duty cycle and maximize 
the peak S/N ratio over the duration of the 
transient event. If this is not done, there 
is a high likelihood that the quality of the 
generated data could be compromised.  
In other words, the data quality objectives 
of the analysis would need to be reas-
sessed, because it is unrealistic to expect 
to carry out multielement or species quan-
titation at detection limit levels when deal-
ing with such a short transient signal.

Conclusion
Although the cost of an ICP-MS system 
has dropped considerably over the past 
38 years, it is still considered a fairly com-
plex technique, requiring a very skilled 
person to operate it. Manufacturers of 
ICP-MS equipment are constantly striv-
ing to make the instrumentation simpler 
to operate, offer better interference 
reduction capabilities, design easy-to-
use-software, and configure hardware 
components that are less complicated 

to clean and maintain. You have only got 
to look at the newer triple and multiquad-
rupole instruments on the market today 
to realize that they all do an excellent 
job of maximizing the capabilities of the 
technique. However, even with all these 
enhanced problem-solving tools, it is 
still not a technique you can place in the 
hands of a complete novice and expect 
to get high quality data, particularly when 
it comes to analyzing difficult matrices.

For these reasons, the ICP-MS market-
place appears to be separating into two 
distinct categories. One is for more ad-
vanced users, which includes high perfor-
mance techniques to reduce or minimize 
interferences and enhance detection ca-
pabilities in complex samples. The sec-
ond category is targeted at more routine, 
high throughput applications. These in-
struments will be relatively simple to op-
erate and easy to maintain and include 
built-in, standard operating methods or 
procedures to ensure that the desired ap-
plication methodology is “bullet-proof” 
for the less-experienced users. 

As the price for this “routine” cat-
egory is slowly being eroded, it will 
most definitely attract more applica-
tion areas to the technique, and as a re-
sult novice ICP-MS practitioners will be 
called upon to run the instrumentation.  
The challenge with opening up the 
technique to new application areas, 
such as those found in the pharmaceuti-
cal and cannabis industries, is that many 
of these operators will have very little 
experience developing ICP-MS meth-
ods. This makes it all the more reason 
why there is still a need for information 
in the public domain about the funda-
mental principles of how the technique 
works, its strengths and weaknesses, 
and how it’s applied to solve real-world 
analytical problems. This concern was 
the major incentive for writing this col-
umn on optimizing measurement pro-
tocol as well as giving a talk at a Spec-
troscopy magazine virtual symposium 
focusing on trace element detection 
limits and how they are impacted by the 
demands of the application (3). My goal 
is to educate and help ICP-MS practi-
tioners with limited knowledge of the 

technique to better understand its ana-
lytical capabilities, and in particular, the 
balance between maximizing produc-
tivity and optimizing detection capa-
bility. I hope I have achieved that goal.
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Cold-Hot Nature Identification 
of Chinese Medicine Based on an 
Ultraviolet Chemical Fingerprint 

The nature theory of Chinese medicine 
(CM) is a core basic theory of tradi-
tional Chinese medicine (TCM), and CM 
chemical fingerprint technology has 
been widely used in identification and 
research of CM. Following the previous 
study results, the UV spectrum data 
of 61 CMs with clear cold-hot nature,  
in which 30 CMs are “cold” medi-
cines and 31 CMs are “hot” medicines,  
were analyzed. Based on the con-
structed CM fingerprint database,  
a retrieval scheme is studied to build 
a predictive identification model used 
to classify the cold-hot nature of CMs. 
According to the experimental results, 
this prediction model is best for the 
identification of the UV spectrum of 
petroleum ether solvents; compared 
with existing classical models, the 
constructed model has better pre-
dictive stability and extrapolation.  
The proposed prediction model is 
proven to be effective.

Guohui Wei, Xianjun Fu, Zhenguo Wang, and Honglei Zhou 

As one of the core theories 
of traditional Chinese medicine 
(TCM), the nature theory of Chi-

nese medicine (CM) has been widely 
explored and studied in recent years. 
Under this theory, CMs are divided into 
four characteristics—cool, cold, hot, and 
warm— and the cold-hot nature is impor-
tant (1,2). Treating a “hot” syndrome with a 
medicine with a “cold” nature, or treating 
a “cold” syndrome with a medicine with a 
“hot” nature illustrates that cold-hot medi-
cine nature theory is an important basis for 
TCM treatment in recovering the balance 
between so-called yin and yang in the 
human body, and is of great significance 
for guiding the clinical practice of TCM (3). 

The study of CM cold-hot nature 
has attracted a lot of attention recently.  
Jin and associates (4) constructed a “three-
element” mathematical analysis model to 
study cold-hot medicine nature and to ex-
plore the biological performance of Chi-
nese materia medica. Zhao and associates 
(5) introduced a novel cold/hot plate differ-
entiating assay method to study the cold 
and heat properties of traditional CMs. 
Wan and colleagues (6) compared the in-
tervention effects of four CMs with a cold 
or hot property on body temperature and 
temperature-sensitive transient receptor 
potential ion channel proteins of rats with 
yeast-induced fever. Liang and colleagues 

(7) integrated bioinformatics analysis and 
chemical structure analysis methods to 
identify the biological activity of Chinese 
herbal medicine properties. Wang and as-
sociates (8) utilized a self-organizing map to 
classify the cold-hot nature of CMs based 
on their constituent compounds. Fu and 
colleagues (9) investigated the presence of 
anticancer activity displayed by the cold-
hot nature of traditional Chinese marine 
medicine with phylogenetic tree analysis. 
Fu and associates (10) explored bioinfor-
matics methods to understand the cold, 
hot, and neutral nature of CMs. 

The main basis for determining the cold 
or hot nature of any given medicine is the 
bioactivity of the CM and the material com-
position within the CM that determines its 
bioactivity. Therefore, material composition 
is the basis for the production of the cold or 
hot nature of a CM. At present, research on 
cold-hot nature is focused on the interre-
lationship between cold-hot medicine na-
ture and material composition within CMs. 
Methodologies involving the construction 
of CM nature discriminant models, such 
as chemical fingerprinting techniques, are 
often used to analyze the relationship be-
tween material composition and prediction 
of the cold-hot nature of CMs.

CM cold-hot nature discrimination with 
artificial intelligence first utilizes chemical 
fingerprint technology to determine the 
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original effects of a CM or the metabo-
lomics method to represent the features 
of a CM, and then constructs an artificial 
intelligence prediction model to identify 
the cold or hot nature of CMs for which 
the cold or hot nature is unknown. This is 
of great significance to the development of 
new resources for TCM. Li and associates 
(11) analyzed 1725 types of CMs and repre-
sented the features of CMs with 150 origi-
nal efficacy characteristics to build an ar-
tificial neural network (ANN) classification 
model to predict the cold or hot nature of 
CMs with an unknown cold or hot nature. 
Subsequently, Liu and associates (12) and 
Zhang and colleagues (13) explored par-
tial least squares and principal component 
analysis-linear discriminant analysis models 
to identify the cold or hot nature of CMs. 
Nie and associates (14) utilized metabo-
lomics data to characterize the features 
of CMs, and obtained better forecasting 
results in predicting the cold-hot nature 
with a random forest model. Long and col-
leagues (15) built a combination system for 
predicting the cold or hot nature of CMs 
that analyzed 284 CMs, and used a sup-
port vector machine (SVM) as a predictive 
model. Li and associates (16) combined 
nuclear magnetic resonance spectroscopy 
of proton 1H-NMR with pattern recognition 
techniques for cold-hot nature classifica-
tion of Chinese medicinal herbs.

Thus, as we see, there are many stud-
ies that aim to identify or predict the cold 
or hot nature of CMs. However, most of 

these studies have adopted the classical 
and general artificial intelligence algo-
rithms instead of building a proprietary 
prediction model for CM characteristic 
data, leading to insufficient forecasting 
results. In this study, the interrelationship 
between cold-hot medicine nature and 
the material composition of CMs is ex-
plored. An artificial intelligence prediction 
model that conforms to the characteris-
tics of CM data is constructed to identify 
the cold or hot nature of CMs for which 
the cold or hot nature is unknown. First, 
UV fingerprint similarity is studied to pro-
pose a retrieval scheme. Second, a pre-
dictive identification model is built with 
the proposed retrieval scheme. Finally, a 
number of experiments are used to verify 
the feasibility of the predictive model. 
 
Materials and Methods
CM Data set
The UV spectral data of this study come 
from the 973 program ”Research of Basic 
Theories of CM,” The project selected 61 
representative CMs with clear cold-hot 
nature, in which 30 CMs are “cold” medi-
cines and 31 CMs are “hot” medicines.  
For example, Menthae haplocalycis herba 
and Platycladi cacumen are cold medi-
cines; Citri reticulatae pericarpium and 
Atractylodis rhizome are hot medicines. 
Their natures are determined by refer-
ring to the Chinese Materia Medica or 
Shen Nong’s Herbal Classic. The project 
measured the absorbance of all 61 CMs at 

the wavelength range of 190–400 nm. UV 
spectral data were measured with four dif-
ferent solvents (chloroform, distilled water, 
absolute ethanol, and petroleum ether). 
Figure 1 shows the UV absorption spectra 
of Menthae haplocalycis herba with four 
different solvents.

UV Fingerprint Similarity
Correlation similarity of random variables is 
usually represented by the correlation co-
efficient; this includes Pearson’s correlation 
and Spearman’s correlation. Pearson’s cor-
relation has been widely used in correlation 
calculations of functional connectivity of 
brain regions and similarity measurement 
of chemical fingerprints, such as spectra 
and chromatograms (17,18). This study in-
tends to use Pearson’s correlation to cal-
culate the similarity of the UV absorption 
spectra of different CMs. Higher values of 
Pearson’s correlation coefficient (close to 
1.0) indicate that the corresponding ma-
terial composition of CMs might exhibit 
higher similarity, which also implies that it 
may be the same for the cold-hot nature 
of CMs.

Pearson’s correlation is the most com-
monly used statistical calculation method 
that reflects the linear correlation between 
two variables. Correlation coefficient is 
used to measure the correlation between 
two variables, the well-known formula is  
as follows:

r = =cov(x,y)
σxσy

∑   (xi – x)(yi – y)
∑   (xi – x)2    ∑   (yi – y)2

i=1
n

i=1
n

i=1
n

[1]
where x, y are two n-dimensional variables, 
x = (x1, x2,...xn), y = (y1, y2,...yn); x, y  repre-
sent the mean of the variables; cov(x,y)  
indicates the covariance of the two vari-
ables; and σx, σy represents the standard 
deviation of x,y, respectively. It can be seen 
from the formula that the correlation co-
efficient is the quotient of covariance and 
standard deviation of the two variables.

A Retrieval Scheme (RS) for Cold-Hot 
Medicine Nature Identification
By using the Pearson‘s correlation coeffi-
cient (PCC) to measure the similarity of UV 
spectra, a retrieval scheme based on the 
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FIGURE 1: UV absorbance curve of Menthae haplocalycis herba, with four dif-
ferent solvents as indicated by diffent colored lines.
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similarity measurement is proposed for 
cold-hot medicine nature prediction. For 
a CM where we do not know its cold-hot 
nature, we first measure the absorption de-
gree of UV spectrum, and then calculate the 
similarity of the UV spectrum between this 
query CM and the CMs with a clear cold-hot 
nature in the database. The obtained PCCs 
are arranged from small to large to search 
for the “most similar” reference CMs in the 
data set. The K “most similar” CMs corre-
spond to the reference CMs, with largest 
PCCs to the query CM. A cold nature prob-
ability value is calculated to measure the de-
gree of cold nature of the query CM—the 
ratio of the sum of the PCCs of cold nature 
medicines to the sum of the PCCs of the  
K “most similar” CMs. The formula is as fol-
lows (with C being the number of cold na-
ture medicines and H being the number of 
hot nature medicines):

p = , C+H = K.
∑ PCCa

∑ PCCa + ∑ PCCb

a=1

c

a=1

c

b=1

H

[2]

With this retrieval scheme, when giving 
a threshold of 0.5, if is above 0.5, we clas-
sify this queried CM as cold; otherwise,  
it is deemed to be classified as hot.

Performance Assessment
To demonstrate the effectiveness and fea-
sibility of the abovementioned methods, 
extensive experiments were constructed 
to assess the prediction performance of 
the retrieval scheme in terms of stability 
accuracy and extrapolation accuracy for 
our algorithm and state-of-the-art predic-
tion models, including ANN (19), extreme 
learning machine (ELM) (20), and SVM 
(21). ANN attempts to mimic the neu-
ral network of the human brain from the 
perspective of information processing, to 
establish a simple model that forms differ-
ent networks according to different nodes 
and connections. The ELM algorithm is de-
veloped from the ANN algorithm; and in 
the classification process, ELM can project 
data from multidimensional space to label 
space, classifying the samples with similar 
descriptors into the same class. SVM is a bi-
nary classification model; the basic idea of 

SVM learning is to solve the separation hy-
perplane that divides the training data set 
correctly, and has the largest geometric in-
terval. The experiments of performance as-
sessment are in the context of the CM data 
set. The application allows a researcher to 
examine a CM substance with an unknown 
cold-hot nature by retrieving and studying 
similar UV spectra of CMs with a clear cold-
hot nature before determining the true 
nature of the substance being classified. 
We first compared the medicine nature 
identification of UV spectra with different 
solvents, and then evaluated the model’s 
performance, including stability evaluation 
and extrapolation evaluation and compar-
ing them with other prediction models.

There are two metrics used in our ex-
periments to assess the performance of 
the proposed prediction model. The first 
metric, stability evaluation, is computed 
by the leave-one-out method (21) in the 
entire data set. The detailed steps are as 
follows: First, for the UV spectral data of 
61 CMs in the database, one CM is se-
lected as the testing data set, and the 
remaining 60 CMs in the data set serve 
as the training data set. Next, the top K 
most similar CMs are retrieved by com-
puting UV spectra similarity between the 
query CM and each of the reference CMs 
in the training data set. Then, the cold 
nature probability of the query CM is cal-
culated. The above process is repeated 
until the cold nature probability value of 
each CM is calculated. As a result, 61 cold 
nature probabilistic values are obtained. 
Stability evaluation applies the receiver 
operating characteristic (ROC) curve 
and prediction accuracy (ACC) to evalu-
ate the proposed prediction model. The 
ROC curve is generated by varying the 
threshold of the cold nature probability. 
The area under the ROC curve (AUC) 
is computed to evaluate the prediction 
model. The larger the area, the more 
stable the model. The result of ACC illus-
trates the probability of correctly classi-
fied cold-hot nature of CMs. The formula 
of ACC is as follows:

ACC = number of correctly classified CMs
total number of classified CMs

[3]

AUC = ∑            ranki –            
M × N

iϵColdClass

M (1+M)
2

[4]

M is the number of cold CMs, and N is the 
number of hot CMs; rank1 is the sequence 
number of the i th CMs after sorting the cold 
probability from small to large.

The second metric, extrapolation evalu-
ation, indicates the extent to which cold 
nature CMs can be detected on basis of 
the CMs that are retrieved by RS. In these 
experiments, 61 CMs are randomly divided 
into the training set and the testing set. The 
raining set contains 40 CMs, with cold nature 
CMs and hot nature CMs each making up 
an equal portion. The remaining 21 CMs 
are used for testing. With the testing data, 
we search for the most similar K CMs from 
the training set, and calculate the cold na-
ture probability values. These probabilities 
are applied to calculate the ROC curve and 
ACC value that are used for extrapolation 
evaluation. The experiments are repeated 10 
times with randomly selected training data-
sets, and the experimental results are taken 
as the mean and variance of 10 experiments. 

Results
Performance Comparison
with Different Solvents
As a fingerprint of CM, UV spectros-
copy can identify complex substances in 
CMs, and be used to predict CM nature.  
This helps to quantitatively study the rela-
tionship between substance composition 
and medicine property. 

In this study, the UV spectra of different 
solvents (chloroform, distilled water, abso-
lute ethanol, and petroleum ether) were 
substituted into the constructed prediction 
model to analyze the influence of UV spec-
troscopy on the identification of medicine 
nature with different solvents. Spearman’s 
correlation of UV spectra with petroleum 
ether solvent is calculated as a compara-
tive reference (denoted as “Spearman’s + 
PE”). Figure 2 shows the AUC curves for 
the medicine nature identification of the 
UV spectra with four solvents and Spear-
man’s + PE. The AUC value is calculated 
as a function of the number of retrieved 
similar reference CMs (K), and thus obtains 
a more comprehensive curve for the per-
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formance of the predictive model. From 
Figure 2, the UV spectra of petroleum 
ether solvent outperforms that of other 
three solvents for classification of cold-hot 
medicine nature, meaning that UV spec-

tra of petroleum ether solvent can bet-
ter identify CM nature. When K = 7, AUC 
value of petroleum ether solvent reaches 
the maximum value of 0.834. CM nature 
identification with Spearman’s + PE is infe-

rior to that with Pearson’s correlation and 
petroleum ether solvent when K < 15, but 
outperforms that with other solvents. This 
illustrates Pearson’s correlation is more 
applicable to measure the similarity of UV 
fingerprints with petroleum ether. CM na-
ture identification rates of absolute etha-
nol and distilled water solvents are poor; 
maximum AUC values are only 0.636 and 
0.666, respectively. Therefore, UV spec-
tra of absolute ethanol and distilled water 
solvents cannot be used as characteristic 
data alone to identify medicine nature. 
Table I displays the ACC values when AUC 
values of four solvents are the maximum, 
respectively. For UV spectra of petroleum 
ether solvent, the maximum AUC and 
ACC value are 0.834 and 0.754, respec-
tively. However, model prediction accura-
cies of other three solvents or Spearman’s 
are all lower than 0.7, meaning that they 
are poor for identifying CM nature.

Model Performance Assessment
To comprehensively elaborate and verify 
the feasibility and stability of the proposed 
prediction model for identifying the CM 
nature, this study compares the predic-
tion performance of our proposed model 
(the retrieval scheme, denoted as “RS”) 
with that of classical classifiers (SVM, ANN, 
ELM), or classifiers that have been reported 
in literatures to predict the CM nature. Ac-
cording to the results of the previous sec-
tion, UV spectral data with petroleum ether 
solvent are utilized as the research object. 
Table II shows the stability evaluation com-
parison for RS and other three comparative 
algorithms for CM nature recognition. First, 
ANN and ELM are poor for classifying cold-
hot medicine nature with UV spectral data. 
Second, prediction performance of SVM is 
better than that of ANN and ELM. Finally, 
the stability and recognition performances 
of the proposed model RS outperform that 
of the classical prediction models.

For extrapolation evaluation, Table III 
shows the performance comparison of RS 
and the baseline methods. According to 
Table III, the conclusion of extrapolation 
experiments is consistent with the conclu-
sion of stable experiments. First, ANN and 
ELM are poor for identifying cold-hot med-
icine nature with UV spectral data. Second, 
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FIGURE 2: The AUC curves for the medicine nature identification. K is the 
number of retrieved similar reference CMs.

TABLE I: AUC and ACC values for the medicine nature identification

Solvent AUC ACC

Absolute ethanol 0.636 0.623

Chloroform 0.746 0.623

Distilled water 0.666 0.656

Petroleum ether 0.834 0.754

Spearman+PE 0.800 0.656

TABLE II: Comparison of stability evaluation

Classifiers AUC ACC

ANN 0.663 0.590

SVM 0.795 0.738

ELM 0.587 0.525

RS 0.834 0.754

TABLE III: Comparison of extrapolation evaluation

Classifiers AUC ACC

ANN 0.650±0.009 0.620±0.010

SVM 0.795±0.006 0.695±0.009

ELM 0.658±0.008 0.602±0.007

RS 0.851±0.006 0.767±0.004

TABLE IV: Unpaired t-test p-values of AUC values from comparing RS and 
other algorithms at the 5% significance level

ANN ELM SVM

RS 1.03e-04 4.97e-06 0.012
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prediction performance of SVM is higher 
than that of ANN and ELM, but lower than 
RS. Finally, the extrapolation performance 
of RS outperforms that of the classical pre-
diction models.

Table IV displays statistically significant 
difference of AUC values between RS and 
other comparative algorithms at the 5% 
significance level. An unpaired t-test is ap-
plied to calculate the p value. According 
to the table, we can see the p-values be-
tween RS and ANN; ELM are lower than 
0.01, meaning that they have significant sta-
tistical difference. The p-values between 
RS and SVM is 0.012, meaning that they 
have a statistically significant difference. 
In general, the data analysis illustrates that 
the extrapolation evaluation between RS 

and other comparative algorithms has a 
statistically significant difference.

Prediction Examples 
Extrapolation evaluation is used to pro-
vide prediction examples. Two retrieval 
sets returned by RS are showed in Table V. 
The query CM (first row) and their top K = 
7 retrieved reference CMs are calculated 
by PCC. Perfect retrieval reference CMs 
would result in a ranked order of CMs with 
a monotonically decreasing PCC metric. In 
the first column, for the query hot nature 
CM Fructus Piperis Alba, seven retrieved 
reference CMs are all hot nature. Its cold 
nature probability is 0, indicating the query 
CM Fructus Piperis Alba is more likely to 
be hot nature. In the second column, for 

the query cold nature CM Dianthi Herba, 
six retrieved CMs are cold nature and one 
is hot nature; its calculated cold nature 
probability is 0.8586, indicating the query 
CM Dianthi Herba is more likely to be 
cold nature. According to the prediction 
examples, it can be inferred that the simi-
larity of UV spectra can characterize the 
similarity of cold-hot medicine nature. All 
CM retrieval results are provided in Table 
V, according to the leave-one-out method.

Overall Prediction Performance
We evaluated the total prediction perfor-
mance of RS using a leave-one-CM-out 
method with a threshold of 0.5. The predic-
tion of ROC curve is shown in Figure 3. The 
AUC value is 83.4%. The total classification 
accuracy is 75.4% (46/61). Both kinds of the 
medicines obtained approximately 75% 
identification rates; 23.3% (7/30) of cold na-
ture medicines are misclassified as hot na-
ture medicines, whereas 25.8% (8/31) of hot 
nature medicines are misclassified as cold 
nature class. Overall, the results illustrate 
relatively good prediction performance for 
a complex classification problem. 

Discussion
This study investigates the feasibility of 
identifying CM nature with a retrieval 
scheme based on the similarity of UV 
spectral data. We demonstrate that it is 
a reasonable method to determine the 
cold-hot medicine nature according to 
medicine nature of the similar CMs. This 
study has many unique characteristics and 
experimental observations. First, to realize 
CM nature prediction, a 61 reference CM 
UV spectral data set is assembled in which 
each of the CM is clearly identified as cold 
or hot nature. The conclusion is that it is 
feasible to discriminate CM nature.

Second, cold-hot nature is an impor-
tant part of CM nature theory. In this 
study, we explore the interrelationship 
between cold-hot medicine nature and 
material composition within CM. The UV 
spectra are used to represent material 
composition. Experiment results have 
demonstrated that material composition 
within CM is related to cold-hot medicine 
nature, which can be used for medicine na-
ture-type identification and classification. 

TABLE V: Prediction examples according to the proposed retrieval scheme. 
The top k = 7 retrieved reference CMs are ranked by PCC value. The CM  
nature is denoted in brackets.

Prediction 
examples Medicines with hot nature Medicines with cold nature

Query Chinese 
medicine Fructus Piperis Alba (hot) Dianthi Herba (cold) 

Retrieved  
Chinese medicine

Alpiniae Officinarum  
Rhizoma (hot) Platycladi Cacumen (cold)

Santali Albi Lignum (hot) Kansui Radix (cold)

Citri Reticulatae  
Pericarpium (hot) Siegesbeckiae Herba (cold)

Euodiae Fructus (hot) Mustard Seeds (hot)

Chuanxiong Rhizoma (hot) Sargassum (cold)

Alpiniae Katsumadai  
Semen (hot) Lophatheri  Herba (cold)

Atractylodis Rhizome (hot) Taraxaci Herba (cold)
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FIGURE 3: The ROC curve from the leave-one-CM-out method
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Meanwhile, it can be inferred that material 
composition is the basis for the manifesta-
tion of CM nature.

Third, according to UV spectral data 
characteristics of CM, we designed a re-
trieval scheme for predicting cold-hot 
nature of CM. The PCC value is applied 
to measure the similarity of UV spectra.  
Experimental results show that our specific 
model RS is superior to existing classical 
models. The potential explanations are 
as follows: i) The RS model is a classifier 
designed specifically for UV spectral data 
of traditional Chinese medicine; ii) On the 
basis of the theory that material compo-
sition is the basis for the manifestation of 
CM nature, RS fully mines the relationship 
between material composition and CM 
nature with high accuracy.

Fourth, in this study, the robustness 
of the proposed RS model needs to be 
demonstrated by independent studies to 
support future clinical applications. For an 
intelligent forecasting system, the ultimate 
goal is to aid researchers in reading and 
interpreting UV spectral data. The system 
is not sufficiently effective if it has low ro-
bustness for an independent testing data 
set. The proposed RS model has a high 
robustness if the UV spectral data of other 
CMs have the identical wavelength range. 
In the future, other CMs will be collected to 
verify the robustness of the model.

Despite the advantages discussed 
above, there are some limitations 
to our research. First, in this study,  
UV spectra is used to study material 
composition within CM. However, infra-
red (IR) spectra and liquid chromatog-
raphy technologies can also be used to 
study material composition within CM. 
Medicine nature prediction methods 
with these fingerprint data are one of 
the emphases for study in the future. 
Second, we explore the similarity of UV 
spectra to predict the cold-hot nature of 
CM. The fingerprint data of CM is high 
dimensional and small sample data. The 
study of predictive models that fit the 
characteristics of such fingerprint data 
is the focus of follow-up research. Third, 
since this paper focuses on the similar-
ity of UV spectra, UV spectrum features 
are not studied in depth. Consequently,  

fusion with other effective spectrum fea-
tures will be explored to further improve 
the medicine nature discrimination 
performance. Finally, the identification 
of CM nature based on fingerprints is 
very complicated. In this study, 61 CMs 
are extracted UV spectra. However, it is 
not enough for training a discrimination 
model. Extraction of more CM UV spec-
tral data is also planned. 

Conclusions 
In this study, a cold-hot medicine na-
ture predictive model that conforms to 
the characteristics of TCM is proposed. 
Unlike the other existing classical clas-
sification models, this identification 
model is based on the retrieval scheme, 
discriminating the unknown CM nature 
with the retrieved similar nature CMs. 
The experimental results show that 
the model can better predict the cold-
hot nature of CMs based on the UV  
spectral data.

Competing Interests
The authors declare no competing finan-
cial interest.

Acknowledgments
The research is supported by the national 
key basic research development pro-
gram (973 Program) (No. 2007CB512601); 
National Natural Science Foundation of 
China (No. 81473369); Key research and 
development plan of Shandong province 
(No. 2016CYJS08A01-1).

References
(1) J. Gao and C. Chen, J. Shanghai Univer. 

Trad. Chin. Med. 21, 16–18 (2007).

(2) B. Ouyang, Z.G. Wang, and P. Wang, 

J. Beijing Univer. Trad.Chin. Med. 29, 

592–594 (2006).

(3) S. Li, Z.Q. Zhang, and L.J. Wu, IET Syst. 
Biol. 1, 51–60 (2007).

(4) R. Jin, B. Zhang, X.-Q. Liu, S.-M. Liu, X. 

Liu, L.-Z. Li, Q. Zhang, and C.-M. Xue, 

J. Chin. Integr. Med. 9, 715−724 (2011).

(5) Y. Zhao, L. Jia, J. Wang, W. Zou, H. 

Yang, and X. Xiao, Pharm. Biol. 54, 

1298–1302 (2016).

(6) H.-Y. Wan, X.-Y. Kong, X.-M. Li, H.-W. 

Zhu, X.-H. Su, and N Lin, China J. Chin. 

Materia Medica 39, 3813−3818 (2014).

(7) F. Liang, L. Li, M. Wang, X. Niu, J. Zhan, 

X. He, C. Yu, M. Jiang, and A. Lu, J. Eth-
nopharmacol. 148, 770−779 (2013).

(8) M. Wang, L. Li, C. Yu, A. Yan, Z. Zhao, 

G. Zhang, M. Jiang, A. Lu, and J. Gas-

teiger, Mol. Inform. 35, 109–115 (2016).

(9) X. Fu, X. Song, X. Li, K.K. Wong, J. Li, F. 

Zhang, C. Wang, and Z. Wang, Alternat. 
Med. 2017, 1–10 (2017). 

(10) X. Fu, L.H. Mervin, X. Li, H. Yu, and J. Li, 

J. Chem. Inf. Model.57, 468–483 (2017). 

(11) Y. Li, X. Li, F.-Z. Xue, and Y.-X. Liu, J. 
Shandong Univ. (Health Sciences) 49, 

57–61 (2011).

(12) W.-H., Liu, Y. Li, Y.-J. Ji, P. Wang, Y.-Q. 

Zhang, and F.-Z. Xue, J. Shandong Univ. 
(Health Sciences) 50, 151–154 (2012).

(13) X.-X. Zhang, Y. Li, Y.-J. Ji, P. Wang, Y.-Q. 

Zhang, and F.-Z. Xue, J. Shandong Univ. 
(Health Sciences) 50, 143–146 (2012).

(14) B. Nie, Z.-L. Hao, B. Gui, Z. Wang, J.-Q. 

Du, G.-L. Wang, and X. Zhang, J.Jiangxi 
Univ. Trad. Chin. Med. 27, 82–86 (2015).

(15) W. Long, P. Liu, J. Xiang, X. Pi, J. Zhang, 

and Z. Zou, Comput. Methods Pro-
grams Biomed. 101, 253–264 (2011). 

(16) H. Li, Q. Xu, J., Zhang, and H. Xu, 2017 
International Conference on Medical 
Science and Human Health (MSHH 
2017) 174–179 (2017).

(17) L. Geerligs, C. Can, and R.N. Henson, 

NeuroImage 135, 16–31 (2016).

(18) J.H. Christensen, J. Mortensen, A.B. 

Hansen, and O. Andersena, J. Chro-
matogr. A 1062, 113–123 (2005). 

(19) L. Tao, T. Runtao, Y. Xinlan, L. Sun, Y. 

He, P. Xie, S. Ma, J. AOAC Int. 102, 

720–725 (2019). 

(20) E .  M a l a r,  A .  K a n d a s w a m y,  D. 

Chakravar thy, and A .G. Dharan, 

Comput. Biol. Med. 42,  898 –905 

(2012). 

(21) G. Wei, H. Ma, W. Qian, and M. Qiu, 
Curr. Med. Imaging Rev. 13, 210 –

216 (2017).

Guohui Wei, Xianjun Fu, Zhen-
guo Wang, and Honglei Zhou are 
with the Shandong University of 
Traditional Chinese Medicine, in 
Jinan, China. Direct correspon-
dence to: bmie530@163.com or 
zhenguow@126.com ●

mailto:bmie530@163.com
mailto:zhenguow@126.com


30  Spectroscopy 36(12)   December 2021 www.spectroscopyonline.com

TUTORIAL

Challenges of Spectrofluorometry 
Part 3: Sample-Specific Concerns

The first installment of this three-
part series provided a procedure for 
quickly recording acceptable fluores-
cence spectra with classic commercial 
spectrofluorometers for most samples 
in common 1-cm pathlength cuvettes. 
Part 2 described how to correct for in-
strument response so data can be com-
pared properly between laboratories. 
This part describes sample-specific 
concerns that could require modifica-
tions of our basic procedure to prevent 
our data from being inconsistent.

Caitlyn English, Zechariah Kitzhaber, Joshua Williams and M.L. Myrick 

In parts 1 and 2 of this article 
(1,2), we described a simple pro-
cedure to select conditions for 

spectrofluorometry in 1-cm cuvette 
samples, and how to determine and 
correct data for instrument artifacts.  
These procedures are adequate for 
comparing spectrofluorometry be-
tween laboratories, as well as for pro-
ducing data that is consistent within 
the same laboratory over time or with 
different instruments, in most cases. 
The remaining complications of con-
ventional spectrofluorometry can be 
ascribed to sample-specific concerns 
that cause the sample fluorescence 
itself to be inconsistent. Part 3 of this 
series discusses reasons that samples 
might give inconsistent results even 
when you have chosen what appear 
to be appropriate instrument set-
tings, and considered every poten-
tial artifact and defect of your mea-
surement system. We primarily focus 
on measurements with continuous  
(not pulsed) light sources.

Molecules that emit light can be 
sensitive to their environments, ad-
versely af fec ting interlaborator y 
comparisons if environmental factors 
are not understood and controlled. 
Conversely, many chemical or physi-
cal phenomena that cause irreproduc-
ibility in spectrofluorometry are also 
potential targets for f luorescence 
sensing applications, so it is advisable 

for an analyst to be aware of the mech-
anisms of these effects. We consider 
the most obvious elements of sample 
condition first:
• Solvent
• Sample purity
• Temperature
• Pressure 
• Sample concentration

Solvents
Solvents greatly exceed solutes in 
concentration, and the ef fect of a 
solvent on spectrofluorometry can 
therefore be substantial. Solvents 
(even “spectroscopic grade” sol-
vents) may have fluorescent impuri-
ties (3); these could have come in 
the fresh solvent, or have been in-
troduced through poor laboratory 
technique, detergents, or contami-
nated glassware (4). Some solvents 
may also have non-fluorescent sta-
bilizers intentionally added (5,6).  
For example, diethyl ether, an aprotic 
solvent, is sometimes stabilized with 
ethanol, a protic solvent. Also, fresh 
solvents, left exposed to air, will dis-
solve atmospheric gases including 
moisture. Traces of water in a non-
aqueous solvent can have significant 
effects on fluorescence compared to 
a scrupulously dry non-aqueous sol-
vent (for example, chlorophyll fluo-
resces more strongly in protic sol-
vents). Traces of acetone sometimes 
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found in solvents are also known to 
affect fluorescence (7). 

Even clean solvents interact with 
solute molecules through their dipole 
moments and polarizabilities in ways 
that cause shifts in spectra, changes 
in apparent intensity, changes in 
the quantum yield of luminescence,  
and changes in bandwidths (8). These 
effects are fairly common to all emit-
ting molecules. In some cases, how-
ever, solvents can have additional 
effects on the equilibrium distribu-
tion of molecular conformations, the 
protonation state of molecules, or the 
ordering of excited states (9). Behera, 
Park, and Gierschner have recently 
provided a systematic organization 
of the various types of dual-emitting 
samples (10), and we can anticipate 
specific solvent effects for nearly all 
these cases. It should be clear to the 
reader that the choice of solvent is 
one of those measurement conditions 

that must be recorded and reported 
to have any hope of repeatability.

Sample Purity
We refer to the molecule on which 
we are performing spectrofluorom-
etry as the “target compound,” to 
distinguish it from other fluorescent 
species in the sample. The purity of 
target compounds used for spectro-
fluorometry is a potential source for 
concern when comparing results.  
The lower the quantum efficiency of 
the target compound, the more con-
cerning any potential strongly fluores-
cent contaminant will be (11). 

If the target compound is pur-
chased, the purity is usually specified 
as a minimum percentage by weight, 
giving an upper limit to the amount 
of all impurities. If the target com-
pound is synthesized locally, quan-
titative nuclear magnetic resonance 
(NMR) appears to hold promise for 

detecting all impurities (including 
water), as long as they are amenable 
to NMR study (12). Fluorescent impuri-
ties (such as chemical relatives of the 
target compound that have not been 
adequately separated) have histori-
cally been detected by some form of 
chromatography (for example, from 
simple thin layer chromatography to 
high performance liquid chromatogra-
phy [HPLC]) using fluorescence detec-
tion (including visually inspecting for  
fluorescent bands). 

Target compounds stored in solu-
tion in clear bottles or for long peri-
ods of time are likely to be thermally 
degraded over time, leading to more 
contaminants than were originally 
present. For instance, many organic 
dyes degrade when exposed to oxy-
gen in solution, so even a dark bottle 
is not sufficient to avoid making fresh 
solutions for calibrations. If you want 
to keep your target compound as 

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.

› Large, fluoropolymer cleaning chamber can 
accommodate up to 40 microwave digestion 
vessels and covers 

› Customized digestion vessel cleaning racks 
minimize handling and acid exposure

› Pre-programmed cleaning cycles 
eliminate method development
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nearly pure as possible, keep it in the 
solid form, in its original container, 
in the dark, and avoid heat. If you re-
frigerate it, wait for it to warm before 
opening to avoid condensation.

Temperature
Increasing temperature ordinarily 
decreases the yield of luminescence 
in the absence of other effects by 
increasing non-radiative decay pro-
cesses for isolated molecules in so-
lution. This change is typically in the 
range of 1% per oC, although some 
systems can show up to 5% per degree 
(4) There can be exceptions with the 
opposite response to temperature,  
at least over limited temperature 
ranges, because of changes in ther-
mal equilibrium distributions of con-
formations, association equilibria or 
thermally accessible excited states, 
and other reasons. 

Pressure
Pressure effects are usually much less 
pronounced than temperature ef-
fects under near-ambient conditions.  
However, one significant ef fect of 
pressure is to change the equilibrium 
concentration of dissolved atmo-
spheric gases (especially oxygen) in 
the solution. This effect has been used 
as the basis for fluorescence-based 
(actually phosphorescence-based) 
oxygen and pressure sensors (13).

Concentration
Concentration of the target com-
pound af fects spectrofluorometry 
in three important ways. The first of 
these is through the inner-filter effect 
(18). The inner-filter effect can itself 
be divided into primary and second-
ary types, the former caused by ab-
sorption of the excitation beam by the 
sample, and the latter caused by re-
absorption of the fluorescence before 
it emerges from the sample. If the pro-
cedure described in Part I is followed, 
these effects should be real, but small 
and correctable (8). 

The second sample concentration 
effect is through the possible forma-

tion of dimers and aggregates (14) 
in the ground state, excited state, or 
both. Carboxylic acids (15) and laser 
dyes (16) are well known to exhibit di-
merization in solution in their ground 
states, whereas pyrene is the classic 
example of a molecule that can form 
excited dimers (also known as ex-
cimers) (17). Dimerization can result in 
a change in the absorption spectrum, 
a change in the fluorescence spec-
trum, concentration quenching, or a 
change in the fluorescence quantum 
yield of molecules in solution. 

The third effect of sample concen-
tration is through excited state energy 
transfer between different identical 
molecules that can depolarize fluo-
rescence (14), a factor that is only im-
portant in situations where the fluo-
rescence is not already depolarized 
for other reasons, or where it has not 
been corrected for in instrumentation 
(see Part 2).

We called these first five sources of 
irreproducibility in spectrofluorometry 
obvious because solvents, sample pu-
rity, temperature, pressure, and con-
centration are the state variables that 
many of us learn about in introductory 
courses in chemistry. However, there 
are some less obvious sources of irre-
producibility that we’d like to mention. 
These include polarization of fluores-
cence, long-lived phosphorescence, 
quenching, photochemical decay, and 
dissolved ion concentration.

Polarization
We mentioned in Part 2 that samples 
may exhibit polarized fluorescence, 
and, if they do, this needs to be accom-
modated in the instrument with polar-
izers placed appropriately. We did not, 
at that point, explain why molecules 
might exhibit polarized fluorescence.

Because of the symmetry of the di-
pole moment operator that enables 
most light absorption and emis-
sion, both excitation and emission 
processes of target compounds are 
guaranteed to be inherently polarized 
along one or two directions in the mol-
ecule. The only exceptions are optical 

transitions involving molecular species 
of very high symmetry—molecules 
of exactly tetrahedral, octahedral, 
or even higher symmetry. In a 90-de-
gree instrument configuration as dis-
cussed above, even unpolarized exci-
tation can result in partially polarized 
emission (8,18). Macromolecules like 
proteins, or small molecules bound to 
macromolecules and macromolecular 
assemblies like micelles or cyclodex-
trins, can rotate in solution so slowly 
that polarized emission is preserved. 
In this case, the presence of certain 
sur factants or macromolecules in 
solution can change the polarization 
state of emission even for small mol-
ecules with normal fluorescence life-
times. There are also cases where the 
fluorescence lifetime of a small mol-
ecule is so short that polarization of 
emission is still detectable, even with-
out viscous solvents or association 
with a macromolecule (19). Any resid-
ual polarization of the emission from 
a target compound can change the 
relative intensity of observed fluores-
cence, and it can vary with excitation 
wavelength because different optical 
transitions can be excited across the 
excitation wavelength range. Part 2 
provides the means of correcting for 
this potential problem.

Phosphorescence
Phosphorescence is distinguished ex-
perimentally from fluorescence by the 
lifetime of its exponential decay fol-
lowing a pulse of light, typically being 
orders of magnitude slower than fluo-
rescence. In rare cases, phosphores-
cence can have lifetimes on the order 
of seconds. This gives rise to two im-
portant concerns. 

First, when working with long-lived 
phosphorescent molecules, emission 
intensity does not change promptly 
when the excitation is turned on or 
shuttered, but requires multiple half-
lives to reach a steady-state inten-
sity. An excitation spectrum can be 
“blurred” if it is scanned faster than 
the sample phosphorescence equili-
brates. Likewise, repeated excitation 
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scans may include moments where the 
excitation wavelength changes at the 
maximum slew rate of the excitation 
monochromator to start the next run, 
and the start of a subsequent spec-
tral measurement could be affected 
by the sample’s “memory” of recent 
excitation conditions. For the same 
reason, emission spectra can show 
artifacts at the start of a new measure-
ment because they begin too quickly 
after the excitation is unblocked or 
the wavelength of excitation is reset 
to the measurement condition. Fortu-
nately, only a fraction of luminescent 
molecules possess decay rates long 
enough (>1/5th of the dwell or inte-
gration time) for long-lived phospho-
rescence to cause a problem like this. 

However, nearly all phosphorescent 
molecules are subject to quenching of 
their emission. This is because even 
short-lived phosphorescence is orders 
of magnitude longer than most fluo-
rescence, giving ample time for mol-
ecules in solution to find and interact 
with other molecules that can quench 
their emission. Just as important, 
there is a very common molecule that 
is an excellent quenching agent for 
phosphorescence: molecular oxygen.

Quenching
Most of the emitting excited states 
of phosphorescent molecules have 
unpaired electron spins. Molecular 
oxygen has a number of low-lying ex-
cited states that could accept energy 
from an excited molecule, and also 
has unpaired electron spins. Because 
of the relatively long-range magnetic 
coupling between the unpaired spins 
of molecular oxygen and those of 
other phosphorescent molecules, 
a small amount of dissolved oxygen 
can be very effective at quenching the 
energy from excited phosphorescent 
molecules before they can emit light 
(11). Because the analyst has probably 
not intentionally introduced oxygen to 
their spectrofluorometer sample, the 
oxygen concentration and thus the 
phosphorescence intensity may vary 
significantly between samples—or 

even for exactly the same sample from 
the moment it is freshly made to when 
it equilibrates with the atmosphere. 

Quenching by molecular oxygen 
is a very important type of quench-
ing for phosphorescent molecules. 
However, all excited molecules can 
show quenching phenomena under 
the right conditions. The presence 
of contaminants in the solvent, or 
in an impure target compound, can 
quench the fluorescence of the target 
compound. The presence of dimers of 
the target compound can also quench 
fluorescence from isolated molecules. 

Photochemical Decay
Photochemistry is another of the pos-
sible non-radiative decay pathways for 
excited molecules, and it can result in 
conversion of our target compound 
to other chemical structures or con-
formations. In rare cases, photochemi-
cal reactions may be reversible (such 
as, for example, spiropyrans [20]),  
but usually not. The products of pho-
tochemical decay may be colorless or 
strongly colored; they may be fluores-
cent themselves, or not fluorescent.  
They may in some cases act as quench-
ing agents when they build up. 

Photochemistry is nearly always 
more important in fluid solutions than 
in solids; this is another reason target 
compounds are best stored in a solid 
form if not immediately being used. 
Multiple photochemical products of 
a target compound may be possible, 
and the yield of each may vary differ-
ently with wavelength (21). More pho-
tochemical pathways will probably 
be opened with high energy (such as 
UV) than with low energy excitation,  
which will not surprise the sunburned 
among us.

However, one absolute requirement 
for photochemistry is that photons be 
involved. Photochemistry cannot hap-
pen in the absence of light absorp-
tion, so the traditional cure for pho-
tochemistry that might occur during a 
study is to keep the target compound 
in the dark, or only illuminate it with 
long wavelengths of light, both before 

spectrofluorometry and whenever 
possible during a study. 

Dissolved Ions
Some molecules are particularly sus-
ceptible to changes in their absorp-
tion and fluorescence spectra due to 
changes in surfactant, H+ and other 
ion concentrations, or other trace 
molecules. In addition to possible po-
larization effects, surfactant micelles 
can form local environments and local 
concentrations of a target compound, 
and give rise to dimerization or other 
effects (22). Target compounds with 
acidic or basic groups may show sub-
stantial changes in spectroscopy and 
quantum yield, depending on their 
protonation state. Complexation with 
metal ions can also produce changes 
in fluorescence. 

Procedure:  
Prepare→Evaluate→Measure 
When publishing or transmitting your 
data to others, it is important to spec-
ify as much of what you have done as 
possible to enable others to repro-
duce your work. 

Preparing for a Study
Cuvette
Begin with a clean, fluorescence-free 
cuvette with low absorbance. When 
buying cuvettes, manufacturers may 
describe the materials from which 
their cuvettes are made in detail (by 
specific composition), and this is use-
ful information to know. Quartz or 
fused silica are often the materials of 
choice for fluorescence-free cuvettes. 
However, after settling on high qual-
ity cuvettes, you will need to confirm 
the lack of measurable fluorescence 
in your instrument, and will need to 
keep them clean to maintain that per-
formance. Manufacturers of cuvettes 
and spectrofluorometers can pro-
vide one or more protocols for clean-
ing cuvettes to avoid contaminants. 
Protocols may include, among other 
steps, soaking in nitric acid, rinsing 
with deionized water, or cleaning with 
a detergent such as Alconox. HNO3 
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protocols are particularly effective at 
removing organic contaminants with 
little residue. Chromic acid solutions 
are often used for cleaning labora-
tory glassware, but they absorb UV,  
and so have never been recom-
mended for cleaning optical materi-
als. Phosphoric acid, HF, and strong 
bases are not suited to cleaning opti-
cal materials because they etch glass 
and silica. Also, be aware that quartz 
or fused silica cuvettes are not usu-
ally intended for high temperature or  
ultrasonic processing.

Solvent
Ensure you have an appropriate, 
fluorescence-free solvent of high pu-
rity. An appropriate solvent would be 
one whose evaporation rate is low or 
can be controlled, that dissolves the 
sample well, and whose likely effect 
on the solute is understood. Regard-
less of the purity of the solvent, or 
whether it says “spectroscopic” or 
“HPLC” grade on its label, a blank 
cuvette of the solvent should be run 
to confirm low absorbance across 
the spectral window of interest and 
low fluorescence. The blank solvent 
spectra can be used as a background 
for the eventual measurement of the 
solute. If the purity of the solvent is 
of concern, it has been observed that 
filtering a solvent through activated 
carbon followed by distillation is ef-
fective for removing many organic 
contaminants. Molecular sieves can 
reduce moisture levels to sub-10 
ppm levels (23); other more active 
techniques can reduce moisture even 
lower. Electrochemistry texts provide 
excellent procedures for removing 
water from solvents by vacuum line 
techniques if this is an issue (24).  
Note that benzene and related com-
pounds may sometimes found as con-
taminants in several solvents other-
wise suitable for UV studies (25), so it 
is a good idea to check for any deep-
UV-excited fluorescence in a solvent.

The solvent should have a well-
def ined concentrat ion of known 
ions, and a known pH if using aque-

ous solutions with solutes that have 
acid-base proper ties. Most fresh 
solvents have been assayed for their 
major metals and ionic species. Sam-
ples taken from nature may require 
clean-up steps to remove unwanted 
species, or steps to ensure the pH is 
maintained at a desired level without 
introducing new chemical species to 
the solution. 

Sample Purity
The target compound you intend to 
study should ideally be of a known, 
high purity. One common approach 
to checking purity is to see if the 
fluorescence excitation spectrum of 
sample is similar to the absorption 
spectrum of the target compound 
(11), and that the fluorescence spec-
trum itself is independent of the 
excitation wavelength. These proce-
dures are sometimes misleading and 
are not very sensitive to low levels of 
contaminants, so if you’re not sure,  
high-per formance liquid chroma-
tography (HPLC) with fluorescence  
detection is a very effective way to 
test for fluorescent impurities. 

Evaluate Your Sample
Long-lived Phosphorescence
Long-lived phosphorescence of the 
sample under these measurement 
conditions can either be an inherent 
property of the sample, or evidence 
of an impurity (such as a free ligand 
in the solution of a coordination 
complex). We assume here that the 
time between measurements in the 
measurement protocol is longer than 
~200 ms, because of the combination 
of dwell time at each point and the 
time required to change wavelengths. 
For the purpose of detecting lumines-
cence with a lifetime long enough to 
require slowing data acquisition fur-
ther, detection can often be achieved 
with the naked eye, as long as the 
emission is visible. One can hold the 
emission filter from the spectrom-
eter in front of the unaided eye, and 
see the emission coming from the 
sample, while using an opaque card 

to the block the excitation beam. If 
there is a discernible lag between 
blocking the beam and the end of 
emission to the naked eye, then there 
is likely a long-lived phosphorescent 
component to the emission. If you 
worry your eyes are fooling you, many 
of us have an optical detector with  
~30 ms time resolution in our pocket 
(our cell phone cameras), and, if the 
emission is bright enough, a cell 
phone video can be used to confirm 
the observation. If still in doubt, the 
sample can be subjected to a fluores-
cence lifetime measurement, which 
usually requires another instrument. 
If a long-lived emission is present, an 
increased delay between measure-
ments may be needed to allow the 
emission to equilibrate. In the case 
that there is a phosphorescent con-
taminant in the sample that cannot 
be removed, and when the target 
compound itself is not phosphores-
cent, it may be possible to eliminate 
the contaminant’s phosphorescence, 
and retain the desired target com-
pound fluorescence by saturating the 
sample with oxygen and sealing it.  
This will not, however, be helpful if 
the target compound has. 

Sensitivity to Oxygen
To determine whether the emission 
of the target compound is sensitive 
to oxygen at the selected concentra-
tion, we can follow a published pro-
tocol (26). We begin by setting up the 
fluorimeter for a measurement with 
your planned spectral bandwidth 
(SBW) and other instrument param-
eters, only without the sample in 
place. Set the excitation and emission 
wavelengths to their optimum posi-
tions based on preliminary studies, 
and prepare to record a time-scan 
using constant excitation and emis-
sion wavelengths. While the instru-
ment is sitting ready, place a septum 
over your cuvette containing about  
3 mL of your experimental solution  
(a typical 1-cm cuvette sample). Place 
a syringe needle through the septum 
into the air space above the sample 
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TUTORIAL

as a vent, and another that passes to 
the bottom of the sample. This lat-
ter syringe should then be connected 
to a low f low rate of dry nitrogen 
gas so that bubbles of N2 are ob-
servable in the sample. Continue 
purging with N2 for 7 min to degas 
oxygen from the sample, and then 
remove both needles. Immediately 
transfer the sample to the fluorim-
eter and measure the fluorescence 
intensity for a period of time (about 
a minute) to ensure it is stable, or 
at least changing very slowly and 
consistently. Leaving the cuvette in 
the instrument, place the syringe 
needles back into the cuvette and 
bubble fresh air into the solution 
using a bulb until enough has been 
added to displace the gas above the 
sample, taking care not to suck the 
sample back into the bulb. Remove 
the needles and observe the inten-
sity of the sample relative to the 
purged sample. Small changes can 
be ascribed to changes in sample 
posit ion, but large changes sug-
gest significant oxygen sensitivity. 
The changes in intensity for four 
sensitive compounds reported by 
Pagano (26) ranged from a factor of 
3.6 to a factor of 21.8. If your sample 
shows oxygen sensitivity, it should 
be prepared for study by purging 
with N2 and leaving it sealed during 
analysis. If you need to purge the 
sample, be aware that a correction 
to the concentration because of sol-
vent evaporation will be required,  
if your solvent is at all volatile.

Photochemical Decay
If your target compound shows no 
immediate loss of signal from intro-
duction of oxygen in the preceding 
test, continue to record data for a 
period of minutes—at least as long 
as you expect your measurement to 
be—to observe the decay of fluores-
cence because of any photochemistry 
of the target compound. It is also a 
good idea to change the excitation 
wavelength to the shortest you plan 
to use, and repeat this experiment to 

see how quickly it decays with short-
wavelength excitation. If your target 
compound does exhibit oxygen sen-
sitivity, then this photochemical study 
should be repeated with a purged 
sample. If photochemical decay is 
too rapid, the measurement proto-
col may need to be modified to limit 
the exposure of the sample to light 
during analysis. This can be done by 
blocking the excitation beam when 
not making measurements, and also 
by using shorter dwell times and tak-
ing larger wavelength steps. If avail-
able and practical, a flow cell can be 
used to decrease the amount of light 
exposure of the sample by constantly 
replacing it. 

Concentration Dependence
To test for a concentration depen-
dence in your sample, dilute the tar-
get compound by a factor of 2, and 
compare the fluorescence excitation 
spectra of the original and diluted 
samples when scaled together. Their 
scaled profiles should be the same 
and not show the appearance or 
disappearance of peaks, while their 
raw intensities should dif fer by the 
dilution fac tor. If you are unsure 
whether the profiles are sufficiently 
alike, dilute again to see if there is a 
systematic change occurring in the 
spectra with concentration. If there 
is no systematic variation, the origi-
nal concentration is fine to work with.  
If there is a systematic variation, then 
use a lower concentration that shows 
no further systematic variation.

If the sample concentration that is 
selected by the procedures of Part I 
and the preceding paragraph give a 
sample whose intensity exceeds the 
linear range of the instrument for the 
intended SBWs, the sample concen-
tration can be reduced as necessary 
to remain in the linear range.

Temperature Dependence
If your instrument has a tempera-
ture-regulated sample holder, then 
you can skip this step as long as the 
holder is working properly, and suf-

ficient time is given for the sample to 
equilibrate. If your instrument has an 
unregulated sample, then prepare a 
cuvette with a septum covering it to 
protect it, and cool it in an ice bath. 
Set up the spectrofluorometer so it is 
ready for an immediate rapid measure-
ment (short dwell times, larger steps 
in wavelength). Ensure the sample 
compartment of the spectrofluorom-
eter is purged with dry gas to avoid 
condensation, and return the sample 
to the holder. Record a rapid fluores-
cence excitation spectrum and a rapid 
fluorescence emission spectrum, re-
turning to the ice bath between mea-
surements if needed. Then, block the 
excitation beam and give the sample 
a few minutes to warm to room tem-
perature. When it has equilibrated, un-
block the excitation beam and repeat 
the excitation and emission scans.  
These measurements will give you a 
semi-quantitative sense of how sen-
sitive the sample is to temperature 
changes. When the actual sample 
measurements take place, ensure the 
cuvette has equilibrated and record the 
temperature of the sample or sample 
compartment during the measurement.
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forensics, petrochemicals, metallurgy,  
and manufacturing operations.

Major Products/Services 
 ⦁ Energy dispersive X-ray fluorescence: 

EDAX manufactures XRF analyzers  
both for the laboratory and for coating  
analysis in industry.

 ⦁ Electron backscatter diffraction: EDAX 
supplies instrumentation for materials 
structural analysis on scanning electron 
microscopes (SEM).

 ⦁ Energy dispersive spectroscopy: EDAX 
provides a full range of EDS products 
for elemental analysis on SEMs.

 ⦁ Wavelength dispersive spectrometry: 
EDAX offers parallel beam WDS 
products for elemental analysis on SEMs.

Facility  
EDAX headquarters is located in Mahwah, 
New Jersey, housing sales, engineering, 
technical support, and operations. EDAX is 
committed to providing the best possible 
support for our customers worldwide, with 
sales, service, and applications support 
offices located in Japan, China, Singapore, 
Germany, and the United States.

EDAX

Company Description  
EDAX is a leading provider of innovative materials 
characterization systems encompassing energy dispersive 
spectroscopy (EDS), wavelength dispersive spectrometry 
(WDS), electron backscatter diffraction (EBSD), and X-ray 
fluorescence (XRF). EDAX products include standalone tools 
for EDS, EBSD, and WDS and integrated tools for EDS/EBSD, 
EDS/WDS, and EDS/EBSD/WDS. The company offers micro-
XRF elemental analyzers for small and microspot X-ray analysis 
and mapping. EDAX develops the best solutions for micro- and 
nano-characterization, where elemental information, structural 
information, or both are required, making analysis easier and 
more accurate. EDAX designs, manufactures, distributes,  
and services products for a broad range of industries, 
educational institutions, and research organizations.

Chief Spectroscopic Techniques Supported
 ⦁ Energy dispersive spectroscopy (EDS)
 ⦁ Energy dispersive X-ray fluorescence (XRF)
 ⦁ Electron backscatter diffraction (EBSD)
 ⦁ Wavelength dispersive spectrometry (WDS)

Markets Served 
EDAX instrumentation for elemental and structural analysis 
is found in a broad spectrum of industrial, academic, and 
government applications from the field or production line to 
the most advanced research and development laboratory. 
Typical markets served include semiconductor and 
microelectronics, academic and industrial R&D laboratories, 
RoHS/WEEE renewable energy, pharmaceuticals, mining, 

EDAX
91 McKee Drive 

Mahwah, NJ 07430

TELEPHONE

(201) 529-4880

FAX

(201) 529-3156

E-MAIL

info.edax@ametek.com

WEB SITE

www.edax.com

YEAR FOUNDED

1962

mailto:info.edax@ametek.com
http://www.edax.com
http://www.edax.com
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Major Products/Services  
GDS900 DC Bulk Glow Discharge 
Spectrometer: Bulk analysis of solid 
conductive samples. Well suited for both 
routine elemental analysis in production 
settings and laboratories requiring a 
system capable of analyzing a variety of 
materials without timely modifications in 
research and development settings.

GDS950 DC/RF Bulk and CDP Glow 
Discharge Spectrometer: Bulk and 
compositional depth profile analysis of 
both conductive and non-conductive 
samples.  This system expands the 
capability of a spectrometer to quantitative 
depth profile analysis, providing up to 
nanometer depth resolution at speeds 
faster and costs much less of other 
competitive surface analysis techniques.

Facility  
Our headquarters in St. Joseph, Michigan, 
USA, is comprised of several facilities 
each dedicated to improving customer 
success, including state-of-the-art research 
and development centers and rugged 
manufacturing facilities. LECO has over 
25 worldwide subsidiaries and distributors 
who are authorized to sell our equipment 
to over 75 countries around the world.

LECO Corporation

Company Description  
Since 1936, millions of samples worldwide have been  
analyzed using LECO instruments for elemental analysis,  
gas chromatography, spectrometry, hardness testing, optical 
analysis, and more. We work with our customers to find the 
right solution for the type of sample analysis they are doing, 
helping them to achieve data that is clear, consistent, and 
accurate. Headquartered in St. Joseph, Michigan, USA,  
LECO has over 25 international offices with additional 
distributors authorized to sell or service LECO products 
throughout Europe, Asia, Latin America, and Canada.

Chief Spectroscopic Techniques Supported
 ⦁ Glow Discharge Atomic Emission Spectrometry
 ⦁ Bulk Quantitative Elemental Analysis
 ⦁ Compositional Depth Profile Analysis (CDP)

Markets Served 
LECO glow discharge spectrometers are used in a variety 
of applications, helping users to determine direct elemental 
composition or  compositional depth profiling for coatings 
and surface treatments. Markets include metal producers, 
foundries, surface modification and finishing, government 
and private materials research, electronics manufacturing, 
automotive, aerospace, and more.

LECO Corporation
3000 Lakeview Ave. 

Saint Joseph, MI 49085

TELEPHONE

(268) 985-5496

FAX

(269) 982-8977

E-MAIL

info@leco.com 

WEB SITE

www.leco.com

NUMBER OF EMPLOYEES

715

YEAR FOUNDED

1936
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Major Products and Services  
Harrick Scientific offers the most complete 
line of spectroscopy sampling products, 
including:

 ⦁ Video MVP—a diamond micro ATR  
accessory with a built-in camera

 ⦁ DiaMaxATR—an affordable  
monolithic diamond ATR accessory 

 ⦁ ConcentratIR2—a compact, multi-
reflection horizontal ATR microsampler 
that utilizes a Si or diamond ATR

 ⦁ Praying Mantis—a diffuse reflectance 
accessory available with environmental 
chambers/reaction cells 

 ⦁ Seagull—a variable angle specular  
reflection and ATR accessory 

 ⦁ VariGATR—a variable angle grazing 
angle ATR accessory for monolayers on 
gold and silicon substrates 

 ⦁ FiberMate 2—an interface between 
spectrometers and fiberoptic  
applications

 ⦁ MultiLoop, Omni-Diff, and Omni-
Spec—fiberoptic probes for ATR,  
diffuse reflection, and specular reflection

 ⦁ Several types of liquid and gas  
transmission cells 

 ⦁ Custom design development

Facilities
Harrick Scientific Products is located 30 
miles north of New York City in Pleasantville, 
New York. Our products are also available 
through FT-IR and UV-vis spectrometer 
manufacturers, as well as distributors in the 
United States and throughout the world.

Harrick Scientific Products, Inc.

Company Description  
Harrick Scientific Products, Inc. specializes in designing and manu-
facturing instruments for optical spectroscopy. Since being estab-
lished in 1969, Harrick Scientific has advanced the frontiers of optical 
spectroscopy through its innovations in all spectroscopic techniques. 
The founder of the company, Dr. N.J. Harrick, pioneered attenuated 
total reflection (ATR) spectroscopy and became the principal devel-
oper of this technique. Harrick Scientific offers a complete selection 
of sampling accessories, including both standard and custom de-
signs, as well as an extensive line of optical elements.

Chief Spectroscopic Techniques Supported
 ⦁ Transmission 
 ⦁ Specular reflection
 ⦁ Diffuse reflection
 ⦁ ATR 
 ⦁ Fiber optics
 ⦁ Raman

Markets Served 
Harrick Scientific serves analytical markets worldwide.  
Harrick’s customers typically are from research or quality control 
laboratories of industrial, governmental, research, and  academic 
institutions throughout the world. Industries served include 
chemical, electronic, pharmaceutical, forensics, and biomedical.

Harrick Scientific 
Products, Inc.

141 Tompkins Ave,  
2nd Floor 

Pleasantville, NY 
10570, USA

TELEPHONE

(800) 248-3847

FAX

(914) 747-7209

E-MAIL

info@harricksci.com

WEB SITE

www.harricksci.com

NUMBER OF EMPLOYEES

25

YEAR FOUNDED

1969

http://www.harricksci.com
mailto:info@harricksci.com
http://www.harricksci.com
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 ⦁ Phasemeter
 ⦁ PID Controller
 ⦁ Laser Lock Box
 ⦁ Oscilloscope
 ⦁ Frequency Response Analyzer
 ⦁ FIR Filter Builder
 ⦁ Digital Filter Box
 ⦁ Logic Analyzer
 ⦁ Data Logger
 ⦁ Spectrum Analyzer
 ⦁ Waveform Generator
 ⦁ Moku Cloud Compile
 ⦁ Multi-instrument Mode

Facility  
Liquid Instruments has offices in Solana 
Beach, California and Canberra, Australia. 
We also partner with leading calibration 
houses to provide ISO/IEC 17025  
calibration.

Liquid Instruments

Company Description  
Liquid Instruments makes test equipment with Instrument- 
on-Chip technology, delivering a unique combination of  
performance, versatility, and customization capabilities.  
We help students, scientists, and engineers learn, discover, 
and create.

Our line of hardware test platforms—Moku:Go, Moku:Lab, 
and Moku:Pro—combines the processing power of FPGAs 
with software that adapts to the hardware configuration,  
redefining the way users can build test sequences rapidly 
and control their experiments. Our seamless integration of 
hardware and software delivers exceptional versatility across 
a wide range of applications. Advanced capabilities for 
Moku:Pro like Multi-instrument Mode and Moku Cloud  
Compile enable users to build and combine instruments for 
sophisticated, customized test and signal processing  
sequences.

Chief Spectroscopic Techniques Supported
 ⦁ Raman
 ⦁ Pump-Probe
 ⦁ Atomic
 ⦁ Molecular

Markets Served 
 ⦁ Optics/Photonics
 ⦁ Spectroscopy/Microscopy
 ⦁ Quantum Computing
 ⦁ LIDAR/Automotive
 ⦁ Aerospace/Defense
 ⦁ Technology R&D
 ⦁ Education
 ⦁ Manufacturing
 ⦁ Biomedical Engineering/Medical Devices

Major Products/Services 
 ⦁ Lock-in Amplifier
 ⦁ Arbitrary Waveform Generator

Liquid Instruments
740 Lomas Santa Fe 

Drive, Suite 102
Solana Beach, CA 

92075

TELEPHONE

(619) 332-6230

E-MAIL

info@liquidinstru-
ments.com

WEB SITE

https://www.liquidin-
struments.com/ 

YEAR FOUNDED

2014

http://www.liquidinstruments.com/
mailto:info@liquidinstruments.com
https://www.liquidinstruments.com/
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Facility  
Metrohm USA Headquarters are located in 
Riverview, FL.

Metrohm USA

Company Description  
Metrohm is one of the world’s most trusted manufacturers of 
high-precision instruments for chemical analysis.

Chief Spectroscopic Techniques Supported
 ⦁ Raman Spectroscopy
 ⦁ Near-Infrared (NIR) Spectroscopy 
 ⦁ Online Spectroscopy
 ⦁ Benchtop Spectroscopy

Markets Served 
 ⦁ Chemical
 ⦁ Petrochemical
 ⦁ Pharmaceutical
 ⦁ Food and Beverage
 ⦁ Environmental
 ⦁ Refining
 ⦁ Corrosion
 ⦁ Power

Major Products/Services 
 ⦁ Titration 
 ⦁ Karl Fischer Titration
 ⦁ Ion Chromatography
 ⦁ Spectroscopy
 ⦁ Process Analyzers
 ⦁ Electrochemistry
 ⦁ Training
 ⦁ Service Support

Metrohm USA
9250 Camden Field 

Parkway
Riverview, FL 33578

TELEPHONE

866-METROHM 
(638-7646) toll-free

FAX

(813) 316-4900

E-MAIL

info@metrohmusa.com

WEB SITE

metrohm.com

NUMBER OF EMPLOYEES

US and Canada: 245

YEAR FOUNDED

1943

http://www.metrohm.com
mailto:info@metrohmusa.com
http://www.metrohm.com
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Markets Served 
 ⦁ Academic
 ⦁ Cannabis
 ⦁ Clinical
 ⦁ Commercial Testing
 ⦁ Consumer Products
 ⦁ Environmental
 ⦁ Food and Feed Testing
 ⦁ Metals and Mining
 ⦁ Petrochemical
 ⦁ Pharmaceutical
 ⦁ Polymers
 ⦁ Specialty Chemicals

Major Products and Services  
Microwave digestion: 
Complete portfolio featuring rotor-based 
and single reaction chamber digestion for 
ICP-OES or ICP-MS analyses.

Microwave extraction: 
Wide range of solutions for environmental, 
fragrance, and terpene extraction.

Direct mercury analyzer: 
Analyze any matrix (solid, liquid or gas) 
without any sample prep in as little as  
5 minutes.

Clean chemistry: 
On-demand acid purification and acid 
steam cleaning solutions.

Microwave ashing: 
Fast alternative to muffle furnaces.

Milestone, Inc.

Company Description  
Milestone offers a complete suite of innovative technology 
solutions for microwave digestion (sample preparation for 
metals analysis), direct mercury analysis, organic extraction, 
ashing, and synthetic chemistry processes. With over 50 
patents and more than 25,000 instruments installed  
worldwide covering large and small research institutions,  
as well as universities and industrial laboratories, we are the 
acknowledged industry leader in microwave technology.

Chief Spectroscopic Techniques Supported
 ⦁ ICP mass spectrometry (ICP-MS)
 ⦁ Inductively coupled plasma (ICP-OES)
 ⦁ Atomic absorption (AA)
 ⦁ Mercury analysis

Milestone, Inc.
25 Controls Drive

Shelton, CT 06484
USA

TELEPHONE

(203) 925-4240
Toll-free: 

(866) 995-5100

FAX

(203) 925-4241

E-MAIL

mwave@ 
milestonesci.com

WEB SITE

www.milestonesci.com

YEAR FOUNDED

1988

Rotor-based microwave digestion

Direct mercury analysis
Single reaction chamber  

microwave digestion

http://www.milestonesci.com
mailto:mwave@milestonesci.com
http://www.milestonesci.com
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NIL Nanostructure Foundry
 ⦁ Nanostructure design and replication

Applications and Markets 
Served 
X-Ray Components

 ⦁ Energy Dispersive X-ray  
Florescence (EDXRF) 

 ⦁ Wavelength Dispersive 
X-ray Florescence (WDXRF)

 ⦁ Energy Dispersive 
Spectroscopy (EDS)

 ⦁ X-ray Diffraction (XRD)
 ⦁ Non-Destructive Testing (NDT)
 ⦁ Microanalysis
 ⦁ X-ray Radiographic inspection

Wire-Grid Polarizers
 ⦁ UV-vis-IR Spectroscopy 
 ⦁ Polarimetry
 ⦁ Projection Display (2D & 3D)
 ⦁ Head Mounted Display (HMD)
 ⦁ Head Up Display (HUD)

Facility  
Moxtek is headquartered in Orem, 
Utah. Moxtek designs, develops, and 
manufactures our products in world-class 
cleanrooms and facilities. Moxtek has 
additional processing facilities in Asia with 
several distributors worldwide.

MOXTEK®

Moxtek

Company Description  
Moxtek is a leading supplier of advanced nano-optical and 
X-ray components used in display electronics, imaging, 
and analytical instrumentation. Moxtek provides innovative, 
solution-based products and services focused on performance, 
quality, and value. Moxtek products enable many new scientific 
discoveries and improve the quality of everyday life.

Moxtek optical polarizers and polarizing beamsplitters enable 
advancements in projection display and analytical instrumen-
tation including: 2-D and 3-D projection display, near-eye 
display, and optical analysis instrumentation.

Moxtek X-ray products empower compact handheld 
and benchtop elemental analysis for positive material 
identification. Moxtek products are used in various EDXRF, 
WDXRF, and XRD systems for environmental screening, 
hazardous substance analysis, and sorting and recycling.

Major Products/Services
X-ray Components

 ⦁ X-ray Detectors
 ⦁ X-ray Tubes and Sources
 ⦁ X-ray Windows

Wire-Grid Polarizers
 ⦁ Inorganic Wire-Grid Polarizers
 ⦁ UV-vis-IR Polarizers
 ⦁ Polarizing Beam Splitters (PBS)
 ⦁ Pixelated polarizer arrays

Moxtek
452 West 1260 North

Orem, UT 84057

TELEPHONE

(801) 225-0930

E-MAIL

info@moxtek.com

WEB SITE

www.moxtek.com

http://www.moxtek.com
mailto:info@moxtek.com
http://www.moxtek.com
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IRIS Diamond ATR 
Measure a wide range of 
sample types, including 
powders, gels, liquids 
and solids. Ideal for 
research, QA/QC and 
sample identification.

Major Products/Services 
 ⦁ IRIS – High performance diamond ATR
 ⦁ MIRacleTM – Patented universal 

sampling accessory (Diamond, ZnSe, 
Ge, and Si)

 ⦁ HATR – Multiple reflection horizontal 
ATR 

 ⦁ GladiATRTM, GladiATR VisionTM – 
Heating up to 300 °C and viewing 
options

 ⦁ VeeMAXTM – Patented variable angle 
specular reflection and ATR accessory

 ⦁ AutoATR – Automated ATR sampling
 ⦁ Gas Cells – Long and short path
 ⦁ PressPRO – Automated programmable 

hydraulic press, 15 and 25 ton
 ⦁ A wide range of fully automated FT-IR 

and NIR products with easy-to-integrate 
AutoPROTM software

Facility  
PIKE Technologies, Inc. is located in 
Madison, Wisconsin. We distribute directly 
to our customers worldwide and to OEMs 
for packaging with spectrometers of all 
manufacturers. Please call or visit our 
website for additional product information.

PIKE Technologies, Inc.

Company Description  
PIKE Technologies was established in 1989, specializing 
in the development and manufacture of accessories and 
optical systems that enhance the performance of commercial 
spectrometers. PIKE concentrates on making the life of 
laboratory personnel easier.

Chief Spectroscopic Techniques Supported
 ⦁ Attenuated total reflectance (ATR)
 ⦁ Diffuse reflection
 ⦁ Specular reflection
 ⦁ Transmission, including sample cells and IR windows
 ⦁ Remote sensing
 ⦁ High-throughput automation
 ⦁ Integrating spheres
 ⦁ Polarization control
 ⦁ Microscope objectives
 ⦁ Microsampling
 ⦁ Gas cells

Markets Served 
PIKE products are designed for molecular spectrometers 
in the petrochemical, food, forensic, biochemical, 
pharmaceutical, semiconductor, optical, agricultural,  
and material science industries. In addition, PIKE Technologies 
specializes in custom design of products for specific 
applications. PIKE products are built with craftsmanship and 
care to exceed customer expectations. Visit our website 
and take advantage of our unique and interactive Crystal 
Properties Chart and FT-IR Calculator.

PIKE  
Technologies, Inc.

6125 Cottonwood Drive
Madison, WI 53719

TELEPHONE

(608) 274-2721

FAX

(608) 274-0103

E-MAIL

info@piketech.com

WEB SITE

www.piketech.com

NUMBER OF EMPLOYEES

60

YEAR FOUNDED

1989

http://www.piketech.com
mailto:info@piketech.com
http://www.piketech.com


NEAR-IR measurements 
can be optimized to improve 
your workflow and boost 
your productivity. 

Our products include diffuse 
reflection, transmission, 
integrating spheres and fiber 
optics probe—many can be 
used in mid-IR analysis too.

MID-IR sampling is easy, 
simple and efficient with 
our comprehensive line of 
accessories.

In our portfolio, you will find 
attenuated total reflection 
(ATR), diffuse and specular 
reflection, and a wide variety 
of transmission accessories.

UV-VIS applications 
require increasingly more 
sophisticated accessories.

We offer research-style 
specular reflection 
accessories, polarizers, 
automated sampling stages, 
as well as a selection of 
cuvettes and cuvette holders.

SPECTROSCOPIC ACCESSORIES
BY PIKE TECHNOLOGIES

The IRIS Diamond ATR

http://www.piketech.com
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measurement needs and bigger technical 
challenges related to issues such as population 
growth and climate change.

Major Products/Services  
Spectrometers: General-purpose UV, visible 
and NIR spectrometers; fluorescence spec-
trometers; Raman instruments; industrial 
spectrometers; teaching lab spectrometers; 
reflectometers; field spectrometers; spec-
tral sensors; and spectroradiometers.
Software: Machine learning and algorithm 
development.
Multispectral Sensors and Precision Filters: 
Micro-patterned optical filters; multispec-
tral sensors; multispectral cameras; optical 
measurement; and reference standards.
Solutions Offerings: Spectrometers, sen-
sors, fibers; multispectral cameras, accesso-
ries and sub-assemblies for embedding into 
OEM applications; custom software.
Optical Sensors: Oxygen sensors, pH sen-
sors, temperature sensing, and transducing 
materials.
Sampling Accessories: Collimating lenses, 
cuvettes and holders, standards, filters and 
holders, flow cells, cosine correctors,  
and integrating spheres.
Light Sources: Deuterium, tungsten halo-
gen, LED, calibration sources, excitation 
sources, lasers, and xenon.
Optical Fiber and Probes: Fiber optic patch 
cords; bare fiber; custom options; reflec-
tion and transmission probes; and vacuum 
feedthroughs.

Facility  
Ocean Insight has sales, service, engi-
neering, and manufacturing operations in 
Florida, and has sales locations throughout 
Europe, Latin America, India, and China. 
Ocean Insight is a subsidiary of Halma plc, 
an international market leader in safety, 
health, and sensor technology.

Ocean Insight 

Company Description  
Ocean Insight is the Applied Spectral Knowledge company. We use 
spectral technology, application expertise, and manufacturing scal-
ability to help customers take on important challenges for a safer, 
cleaner, healthier future.

Ocean Insight combines savvy system design, integration capa-
bilities, and applications knowledge to help people solve problems 
using light measurement. We offer a suite of modular spectroscopy 
products, multispectral sensing solutions, and software develop-
ment for diverse applications in industrial settings, research and sci-
ence, food and agriculture, applied biotechnology and life sciences, 
illumination and color measurement, and safety and security.

Chief Spectroscopic Techniques Supported
UV, visible and NIR; absorbance, transmission and reflectance; laser 
characterization; LED quality control; Raman; SERS; fluorescence;  
irradiance; spectroradiometry; color determination; fiber optic 
chemical sensing; chemometrics; machine learning; end-point  
detection; headspace monitoring; machine learning; end-point  
detection; headspace monitoring; sensing and imaging.

Markets Served 
Ocean Insight technologies are connected to a diverse range of 
industries and disciplines. Our products are used by innovators, 
researchers, educators, scientists, and OEM suppliers in laboratory 
settings, field research, and process environments worldwide.  
First responders and security professionals have incorporated 
Ocean Insight products into their equipment. Science educators 
have made our instruments an integral part of each student’s learn-
ing experience. Ocean Insight solutions are part of both everyday 

Ocean Insight
3500 Quadrangle Blvd.

Orlando, FL 32817

TELEPHONE

+1 (727) 733-2447

FAX

+1 (727) 733-3962

E-MAIL

info@OceanInsight.com

WEB SITE

OceanInsight.com

YEAR FOUNDED

1989

http://www.oceaninsight.com
http://www.oceaninsight.com
mailto:info@oceaninsight.com
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REFLEX Analytical Corporation

Company Description  
Throughout our 26 year history, REFLEX Analytical 
Corporation has received considerable attention as the 
low-cost, high-value provider of spectroscopy supplies and 
accessories. Although such accolades are gratifying, we 
are most proud, not of our operational efficiency or the 
comprehensive nature of our product line, but of the sterling 
reputation created by our customers. This prevails opportunity 
to celebrate and thank you, our customers, for your loyalty. 
Our mission statement remains intact as we look forward to 
“Serving you across the spectrum” in the years ahead.

Chief Spectroscopic Techniques Supported
 ⦁ AA, UV-vis, NIR, and FT-IR spectroscopy
 ⦁ Fluorescence spectroscopy
 ⦁ Transmission spectroscopy
 ⦁ High temperature and high pressure spectroscopy 
 ⦁ HPLC, GC, and ICP mass spectroscopy
 ⦁ Cryogenic spectroscopy
 ⦁ Extreme conditions spectroscopy 
 ⦁ ATR reflectance and diffuse reflectance spectroscopy
 ⦁ Specular reflectance spectroscopy
 ⦁ Optical and polarization spectroscopy
 ⦁ Fiber optic spectroscopy
 ⦁ Remote sensing spectroscopy
 ⦁ Ultra high vacuum spectroscopy
 ⦁ XRF spectroscopy

Markets Served 
REFLEX Analytical Corporation serves an international analytical 
community within research and development laboratories at 
corporations, government agencies, and universities. This same 
community is involved with investigating and developing new 
products and enhancing old products in the state of a liquid, 
solid, or gas. With pride, we provide the means for analytical 
groups worldwide to successfully launch new products and instill 
quality within products as they go through their life cycle. 

REFLEX Analytical 
Corporation

PO Box 119
Ridgewood,  

New Jersey 07451

TELEPHONE

(201) 444-8958

E-MAIL

reflexusa@att.net

WEB SITE

www.reflexusa.com

YEAR FOUNDED

1995

Major Products and Services  
 ⦁ Standard optics and custom optics
 ⦁ ATR hemispheres-prisms-rods
 ⦁ Beamsplitters-filters-lenses
 ⦁ Optical coatings and metallization
 ⦁ UV-vis-NIR-IR polarizers
 ⦁ Free-standing wire grid polarizers
 ⦁ Ultra-high vacuum viewports
 ⦁ Standard cuvettes and custom cuvettes
 ⦁ UV-vis-NIR-IR cells
 ⦁ Fluorimetry, calorimetry, polarimetry,  

and cytometry cells
 ⦁ DNA and protein analysis cells
 ⦁ Blood analysis cells
 ⦁ Dynamic light scattering cells
 ⦁ Tungsten halogen lamps
 ⦁ HPLC and deuterium lamps
 ⦁ Mercury, xenon, and PID lamps
 ⦁ Hollow cathode lamps
 ⦁ Atomic absorption graphite tubes
 ⦁ Liquid, solid, and gas transmission cells
 ⦁ High-pressure and high- 

temperature cells
 ⦁ Variable temperature cells
 ⦁ Cryogenic cells
 ⦁ Online process flow cells
 ⦁ Fixed pathlength gas cells
 ⦁ Variable pathlength gas cells
 ⦁ FT-IR reflectance accessories
 ⦁ GC capillary columns
 ⦁ ICP glassware-cones-coils-electron  

multipliers
 ⦁ Evacuable and XRF pellet dies
 ⦁ Solid sampling equipment
 ⦁ Laboratory presses
 ⦁ Grinding mills

Facility  
REFLEX Analytical Corporation has the 
establishment of distribution channels 
through a selected dealer network and 
seeks to expand representation for their 
products by inviting contact from dealers 
and distributors in your area.

http://www.reflexusa.com
mailto:reflexusa@att.net
http://www.reflexusa.com
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Markets Served 
Starna Cells Inc. supplies a wide range 
of markets within North, Central, and 
Latin America and the Caribbean. These 
include the life sciences (pharmaceutical, 
biopharmaceutical, and healthcare), food, 
beverages, and wine industries, chemical 
industry, oil and gas, space, water, and 
numerous universities and research institutes.

Major Products and Services  
Starna Cells Inc. supplies a complete range 
of precision quartz and glass spectrophoto-
meter cells, including standard or custom 
items for analytical methods using 
spectroscopy, fluorimetry, and refractometry; 
from macro to sub-micro volumes; for static, 
temperature, and/or flow applications. 
Specialized optics including Toroid mirrors 
and Deep UV coatings. Ultra-low volume 
accessory: DMV-Bio Cell.

Starna are the world leading supplier of 
UV-vis-NIR CRMs and are accredited to ISO 
17025 and ISO 17034 through UKAS for the 
calibration and manufacture of standard 
and bespoke reference materials. The range 
also includes references for plate readers, 
fluorimeters, FT-IR, PCR, point-of-care (POC), 
and other micro-volume applications.

Facility  
Sales, stock, and support facility in 
California, USA. This facility imports and 
exports regular consolidated shipments to 
the primary Starna manufacturing facility in 
the UK and maintains a large independent 
stock of many products. It also provides 
a logistics center for handling certified 
reference materials facilitating a quick and 
efficient recalibration service.

Starna Cells

Company Description  
Starna Cells Inc. is based in California, and is a member of 
the international Starna Group. The Starna Group is a key  
manufacturing partner and supplier of spectrophotometer 
cells and spectroscopy accessories. It is the world leader 
in the provision of certified reference materials (CRMs) for 
the verification of UV-visible-NIR spectrophotometers and 
fluorometers, accredited by UKAS to ISO/IEC 17025 for 
calibration and ISO 17034 for the manufacture of certified 
reference materials.

Chief Spectroscopic Techniques Supported
 ⦁ UV-visible spectroscopy
 ⦁ NIR spectroscopy
 ⦁ Fluorimetry
 ⦁ Micro-well plate analysis
 ⦁ Colorimetry
 ⦁ Polarimetry
 ⦁ Circular dichroism
 ⦁ Dynamic light scattering
 ⦁ Particle size analysis
 ⦁ Cytometry
 ⦁ On-line flow applications
 ⦁ Tablet dissolution
 ⦁ Ultra-high vacuum
 ⦁ Blood analysis
 ⦁ DNA/protein analysis
 ⦁ Microscopy
 ⦁ Cryogenic applications

Starna Cells Inc.
P.O. Box 1919 

Atascadero, CA 
93423, USA

TELEPHONE

(800) 228-4482

FAX

(805) 461-1575

E-MAIL

sales@ 
starnacells.com

WEB SITE

www.starnacells.com

YEAR FOUNDED

1975

http://www.starnacells.com
mailto:sales@starnacells.com
http://www.starnacells.com


http://www.starna.com
mailto:sales@starnacells.com
http://www.starna.com
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robust and reliable standard and custom 
product offerings for analytical X-ray 
applications, including X-ray diffraction and 
fluorescence. The range includes low-power 
modules for handheld and portable XRF 
systems, through to higher power solutions 
for bench top and standard lone XRF/XRD 
multi-purpose research instruments.
SEM, FIB and Analytical Laboratory: 
Spellman offers solutions for thermionic 
and field emission SEM, as well as Ga ion 
and plasma sources, focused ion beam, 
and lenses supplies. Additionally, we cover 
many general analytical applications, 
including ion pumps, DNA sequencers, CZE, 
chromatography, and molecular analysis.
Key features of our product range: high 
stability, fast switching, multiple outputs, 
ppm level performance, fast polarity 
reversal, minimized micro-discharges, ultra-
low ripple, arc and short circuit protection, 
compact footprints with both analogue and 
digital interfaces, graphical user interfaces 
(GUI) to support early developmental work 
and UL, CE and RoHS compliance.

Facility  
Headquartered in the U.S., with facilities in 
New York, Spellman maintains design, manu-
facturing, and support in key regions around 
the world, (New York, Mexico, Germany, UK, 
China, Korea, and Japan), to provide OEM 
customers with local technical expertise and 
rapid response repair capability. All owned 
facilities are LEED certified; all leased facilities 
have ISO certification. Ask us about specifics 
or go to our website: www.spellmanhv.com. 

Spellman High Voltage
Electronics Corporation

Company Description  
When OEM system manufacturers around the world require 
precision and well-regulated high voltage power, one name most 
often comes to mind—Spellman high voltage.

Over the past 70 years, Spellman has provided innovative 
system developers with custom-designed high-voltage DC power 
supplies to meet their unique application requirements.

Spellman boasts the world’s largest and most experienced 
high-voltage engineering staff, with world-class project teams 
experienced in specific applications and technologies, dedicated 
not only to new designs, but also to sustaining engineering 
throughout the life of each product.

Markets Served  
Spellman provides the broadest range of precision high-voltage 
products for the mass spectrometry, analytical instrumentation, 
and biotechnology fields. We offer precision high-voltage 
power supplies with well-regulated outputs from 62 V to 500 kV, 
and from 200 mW to 200 kW.

Major Products/Services  
Mass spectrometry: We offer an extensive portfolio of 
standard and customized precision high-voltage solutions 
for the ionization, mass separation, and detection processes. 
Discreet modules through to complex integrated multiple 
output supplies are available for “all” high voltages throughout 
the time-of-flight (TOF), MALDI-TOF, quadrupoles, ICP,  
ion trap, LC– and GC–MS, and ion mobility instrument types.
Analytical X-ray: We are a world-leading provider of X-ray 
generators, with a vast portfolio of high-performance,  

Spellman
High Voltage

Electronics Corp.
475 Wireless Blvd.

Hauppauge, NY 11788

TELEPHONE

+1 (631) 630-3000

FAX

+1 (631) 435-1620

E-MAIL

sales@spellmanhv.com

WEB SITE

www.spellmanhv.com

http://www.spellmanhv.com
mailto:sales@pellmanhv.com
http://www.spellmanhv.com
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Areas of application include polymer 
sciences, pharmaceutical research and 
development, life science, geoscience, thin 
films and coating analysis, semiconductors, 
nanotechnology, materials science and 
automated particle analysis.

Major Products and Services  
The WITec alpha300 R Raman microscope 
leads the industry in speed, sensitivity,  
and resolution. These attributes are available 
simultaneously and without compromise. 
Speed is provided by the precise mechanical 
components and cutting-edge electronics, 
sensitivity is delivered through the optimized 
optics and detectors, and the exceptional 
resolution derives from WITec’s inherently 
confocal architecture and the know-how 
accumulated in more than two decades 
at the very forefront of Raman imaging. 
Confocal Raman imaging microscopes are 
among the most powerful and versatile 
instruments available to today’s scientists 
and no other product line places the full 
potential of the technique into the hands of 
users the way WITec’s alpha300 can. It can 
be configured as required by a specialized 
experiment or upgraded as techniques 
evolve. It features rock-solid stability, the 
freedom of modularity, and an unequaled 
level of performance. WITec instruments can 
also combine different techniques for a more 
comprehensive understanding of a sample. 

Facility  
WITec headquarters is located in 
Ulm, Germany, and includes the R&D 
department, production, sales and 
marketing, and administration. WITec 
Instruments Corporation in Knoxville, 
Tennessee is responsible for North 
American sales and service activities.

WITec

Company Description  
Since its founding in 1997, WITec has established itself as a 
market leader in the fields of Raman imaging microscopy and 
correlative microscopy techniques, including Raman-AFM, 
Raman-SNOM, and Raman-SEM (RISE). WITec’s innovative 
spirit has kept the alpha300 microscope series at the forefront 
of the Raman imaging market since it initially revolutionized 
the field and established Fast Raman Imaging™ as a standard 
method. In September 2021, WITec became a member of the 
Oxford Instruments Group, bringing technology leadership in 
Raman microscopy to its extensive portfolio of businesses. 

Ongoing development of the first truly confocal Raman  
imaging system continues to enable the setting of bench-
marks in sensitivity, speed and spectral and spatial resolution. 
As reflected in WITec’s maxim “Focus Innovations” our suc-
cess is based on continually introducing new technologies and 
a commitment to maintaining customer satisfaction through 
high-quality, flexible and innovative products.

Chief Spectroscopic Techniques Supported
 ⦁ Confocal three-dimensional Raman imaging microscopy 

and Raman micro-spectroscopy
 ⦁ Ultra-fast and Fast Raman Imaging™
 ⦁ Correlative Raman imaging: AFM, SNOM, fluorescence,  

or PL
 ⦁ Topographic Raman imaging (TrueSurface™ microscopy)
 ⦁ RISE™ microscopy (Raman Imaging & Scanning Electron 

Microscopy)

Markets Served 
WITec microscopy systems are delivered worldwide to  
academic and industrial research laboratories focusing on  
high-resolution chemical imaging and materials characterization. 

WITec GmbH
Main Address:

Lise-Meitner-Str. 6 
89081

 Ulm, Germany

TELEPHONE

+49 (0) 731 140 700
US: (865) 984-4445

FAX

+49 (0) 731 140 70200
US: (865) 984-4441

E-MAIL

info@witec.de

WEB SITE

www.witec.de

NUMBER OF EMPLOYEES

83 (worldwide)

YEAR FOUNDED

1997

http://www.witec.de
mailto:info@witec.de
http://www.witec.de
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Major Products/Services  
Spectroscopy Software & Spectral 
Libraries  
Wiley is the leader in spectral data 
with over 2 million high-quality IR, MS, 
NMR, Raman, and UV-vis spectra that 
cover a broad range of compounds and 
applications. These trusted spectral 
database solutions include the Wiley 
Registry®, KnowItAll® Spectral Libraries, 
and Sadtler™ Databases.

Wiley also offers KnowItAll software 
solutions to analyze and manage spectral 
data from multiple techniques and 
manufacturers. So whether you use one 
or more techniques, Wiley has the ideal 
vendor-neutral solution for spectral analysis.

John Wiley & Sons
Wiley Science Solutions - Spectroscopy Databases & Software

Company Description  
Wiley Science Solutions is home the world’s largest 
spectral database and powerful software for spectral 
analysis and identification and data management. 

About Wiley 
Wiley is a global leader in research and education, 
unlocking human potential by enabling discovery, 
powering education, and shaping workforces. For over  
200 years, Wiley has fueled the world’s knowledge 
ecosystem. Today, our high-impact content, platforms, 
and services help researchers, learners, institutions, and 
corporations achieve their goals in an ever-changing world. 

Chief Spectroscopic Techniques Supported
 ⦁ IR
 ⦁ Raman
 ⦁ MS
 ⦁ NMR
 ⦁ UV-vis

Markets Served 
 ⦁ Forensics and Toxicology
 ⦁ Polymers and Materials
 ⦁ Pharmaceutical and Biotech
 ⦁ Environmental
 ⦁ Food and Cosmetics
 ⦁ Metabolomics
 ⦁ Quality Assurance, and many more

John Wiley & Sons
111 River Street

Hoboken, NJ, 07030

WEB SITE

https://sciencesolutions.
wiley.com/ 

MAIN WEBSITE

www.wiley.com

YEAR FOUNDED

1807

https://sciencesolutions.wiley.com/
http://www.wiley.com
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Verification of the authenticity and quality of 
gemstones is necessary to assess the value of 

the object. Many gemstones can be synthesized to a 
significant size and remarkable quality. It is essential 
that authentication testing is non-destructive 
because any destructive testing of a potentially 
valuable gemstone will reduce the article’s value.

Micro X-ray fluorescence (micro-XRF) is a simple 
non-contact and non-destructive technique for the 
authentication of gemstones. In this technique, 
X-rays from an X-ray tube are shined on the 
sample. This process, in turn, excites the sample 
to emit characteristic fluorescent X-rays for each 
element. Fluorescent X-rays can be emitted from 
tens to hundreds of microns within the sample and 
provide important information about the material’s 
elemental composition. Samples can be analyzed 
as is without coating or the use of other destructive 
sample preparation treatments, which is important 
for testing valuable gemstones.

Instrumentation
The instrument used for demonstration is an 
EDAX Orbis PC Micro-XRF Elemental Analyzer. 
It is equipped with a 50 W Rh X-ray tube and 
can analyze elements in air or vacuum mode.  
A motorized turret integrating video and X-ray 
optics allows coaxial sample view and X-ray analysis. 
This geometry optimizes sample targeting accuracy 
and eliminates shadowing of the X-ray beam.  
The sample is viewed with a 10x color CCD camera 
for coarse sample positioning and a 75x color CCD 
camera with 3x digital zoom for fine positioning 
under the X-ray beam. The equipped 30 µm ultra-
high intensity polycapillary X-ray optic generates a 
high-sensitivity convergent micro-spot X-ray beam, 
whereas 1 and 2 mm collimators are used to create 
a homogeneous beam over a larger area. Primary 
beam filters are available at all X-ray spot sizes 
to improve detection limits or reduce diffractive 
noise. The large-area Silicon Drift Detector 
(SDD) provides improved sensitivity and liquid  
nitrogen-free operation.

Example
Pearls are organic gemstones produced by oysters. 
Pearls are composed of layers of calcium carbonate 
surrounding some tiny seed particle that has irritated 
the oyster. The coatings of calcium carbonate are 
the oyster’s way of protecting itself from the irritant. 
Traces of strontium (Sr) can be found in the pearl 
because Sr is a natural lattice substitute for calcium 
(Ca), and Sr is found in low-level concentrations in 
seawater. Imitation pearls are usually made up of 
plastic with a color coating. Bismuth oxychloride is 
commonly used as a colorant to create a pearl-like 
effect. Therefore, we should expect to see Ca and Sr 
peaks in a micro-XRF spectrum from a natural pearl 
(wild or cultivated). Ca peaks should be absent in a 
spectrum from an imitation pearl, and characteristic 
peaks from colorants, such as bismuth (Bi) peaks,  
are expected. 

Four pearl samples were used in this authentication 
study (Figure 1): (1) An earring, (2) a bead bracelet, (3) 
a bead necklace, and (4) a chain bracelet with beads. 
The samples were laid on the Orbis PC sample stage 
and analyzed in vacuum mode at 40 kV X-ray tube 
voltage. One spectrum was collected on a bead 
from each sample with the same X-ray tube current, 

Non-destructive Authentication  
of Gemstones Using Micro-XRF
Shangshang Mu, EDAX

Figure 1: Pearl samples from left to right are 1) an earring, 2) 
a bead bracelet, 3) a bead necklace, and 4) a chain bracelet 
with beads.

http://www.edax.com
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amp time, and acquisition time. The 1 mm collimator 
was chosen to cover a large area on the bead.

In the overlaid spectra of all the samples (Figures 
2 and 3), samples 1–3 show tall Ca peaks and tiny 
Sr peaks, suggesting these pearls are natural.  
There are no Ca peaks in the spectrum from sample 
4, and Bi peaks are observed from this spectrum only. 
These indicate imitation pearls, and the shimmery 
and pearl-like appearance is produced by bismuth 
oxychloride. The copper (Cu) peaks in the spectrum 
from sample 4 are presumably from copper oxides 
which are commonly used as pigments to produce 
various colors.

Conclusion
Micro-XRF can be applied to authenticate high-value 
gemstones. In this example, the Orbis PC micro-XRF 
system was successfully used to authenticate pearls. 
Authentication was done fast and non-destructively 
because the X-ray beam does not leave any beam 
damage on the sample, and this technique does not 
require any potentially destructive pretreatment of 
the sample. In the rapid analysis, authentication was 
readily achieved by determining the major and trace 
elements found in the natural pearls and elements 
from imitation pearls’ color coating.

Energy, keV

Cu

Cu Bi Bi
Sr

Sr

CaCa

4.7 6.1 7.5 8.9 10.3 11.7 13.1 14.5 15.9

Figure 2: Overlaid spectra from sample 1 (red), 2 (cyan), 3 (orange), and 4 (gold).

EDAX
91 McKee Drive, Mahwah, NJ 07430

tel. (201) 529-4880, fax (201) 529-3156
Website: www.edax.com
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Figure 3: Overlaid spectra from Figure 2 with bumped-up 
peaks

http://www.edax.com


Fourier Transform Infrared: FT-IR Quick Reference

JASCO

1. Infrared Theory
Electromagnetic Spectrum

The mid-IR region spans from 4000–400 cm-1 

(or 2.5–25 micrometers). Photon energy is 

direc t ly propor t ional to f requency and 

inversely proportional to wavelength.

Infrared Transitions

Infrared photons excite molecules through 

absorpt ion. When a d ipole moment i s 

changed by molecular vibration, infrared 

light can be absorbed.

Bond Energies and Wavenumbers 

V ibrat ional energies are dependent on 

bond strength (k) and mass (μ). Generally, 

increasing bond order leads to increasing 

energ y,  and inc reas ing mas s lead s to 

decreasing energy.

Vibrational Modes

IR spectra differ from molecule to molecule, 

th i s  bec ause the spat ia l  f requenc y at 

which absorption occurs is characteristic 

of the bond(s) in the func tional groups. 

Absorption intensity is dependent on the 

concentration or thickness of a sample, 

which makes quantitative analysis possible.

2. FT-IR Basics 
• Wa te r  i s  a  s t ro ng IR  a b s o r b e r  a n d 

should be avoided.

• Windows, ATR crystals, etc. should be 

cleaned with a nonaqueous solvent and 

cot ton-based wipes. AVOID Kimwipes 

or paper towels.

• The Far- IR  spectral region (10–400 cm-1) 

contains useful information for inorganic 

m o l e c u l e s  a n d b e n d ing m o d e s fo r 

organic compounds.

• The Near- IR  spec tral region (40 0 0 –

10 0 0 0 c m -1)  c o nt a in s  ove r to ne a n d 

combination bands and is useful when 

s a m p l e s  h a v e  a  m o d e r a t e - t o - h i g h  

water content.

3. Michelson Interferometer
Light produced from the source is spli t 

into two paths by a beamsplitter. One half 

of the light is reflected from a stationary 

mirror while the other half is reflected from 

a moving mirror. The light re-combines at 

the beamsplit ter and passes through the 

sample and to the detector. 

When the mirror is at zero (Zero Path 

Dif ference, ZPD), the two beams are in 

phase and have the highest constructive 

i n t e r f e r e n c e .  A s  t h e  m i r r o r  m o v e s ,  

a inter ferogram is produced, showing 

intensity versus time. The spectrum is then 

brought to the frequency domain using a 

Fast Fourier transform algorithm.

Advantages of FT Over Grating

• Fe l lge t t ’s  (Mu l t ip lex )  Advantage  

The spec t rum takes much les s t ime 

to collec t because the ful l spec trum 

reaches the detector automatically.

• Jacquinot Advantage The total power 

of each data point is much higher with 

fewer optics and no slits. 

• Connes Advantage Resolution is much 

greater, therefore sample subtractions, 

concentration curves library searches, 

etc. are possible.

4. Transmission
Transmission is the most straight forward 

technique, but requires the most sample 

preparation. 

• For solids, either a KBr pellet containing 

the sample may be pressed or a diamond 

anvil cell may be used.

• For liquids, the sample may be injected 

into a l iquid ce l l  or appl ied to a IR 

transparent window or card.
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• Gases may be monitored af ter being 

introduced into a gas cell.

5. ATR
Attenuated total reflectance (ATR) occurs 

when IR light is reflected off certain crystals 

(for example, diamond) at a certain angle. It 

has the least amount of sample prep of the 

other techniques. Because it is dependent 

on the ref rac t ive indices, relat ive peak 

intensities may need to be corrected.

6. Specular & Diffuse Reflectance
Spec u l a r  Re f l e c t a nce ma ke s u s e o f 

reflected light and is useful for flat, shiny, 

or samples or coatings. Little or no sample 

preparation is needed.

Sometimes spectra obtained from this 

technique includes both the imaginary and 

real components of the light, giving rise 

to derivative peaks or other distor tions. 

Kramers Kronig correction may be used to  

fix distortions.

Dif fuse Ref lec tance (DRIFT ) makes 

use of scattered light and is thus useful for 

rough samples such as powders. Sample 

preparation can be a solid powder (neat), 

powder mixed with KBr, or abraded sample 

on special paper.  

To p ro p e r l y  com pare re la t i ve  p eak 

i n t e n s i t i e s  f r o m a  D R I F T  s p e c t r a ,  a 

Kubelka-Munk correction is required.

FIGURE 1: FT/IR-4000 and 6000 series spectrometers
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Pulsed laser at 532 nm
A new wavelength, available 
for Cobolt Tor™XE 532 nm 
Q-switched lasers, is designed 
to provide 0.25 mJ per pulse 
at up to 1 kHz repetition rate 
in a compact laser head that 
contains all required drive 
electronics. According to the 
company, the laser is suitable 
for integration into instruments 
for marking, laser induced breakdown spectroscopy (LIBS), 
LiDAR, and photoacoustic microscopy applications.  
Cobolt AB, a part of Hübner Photonics, Solna, Sweden.  
www.hubner-photonics.com

X-ray tube
Moxtek’s HPC 150 X-ray 
tube is designed as 
a 60kV, 150-watt air-
cooled tube with an HV 
cable. According to the 
company, the tube has 
cooling fins and fans 
that can be adapted 
to meet specific 
requirements, and it is suitable for X-ray fluorescent 
spectroscopy and a variety of imaging applications.  
Moxtek Inc., 
Orem, UT. 
www.MOXTEK.com

Diamond ATR accessory
The IRIS diamond 
attenuated total 
reflection (ATR) 
accessory from PIKE is 
designed for infrared (IR) 
sampling for powders, 
gels, liquids, solids, and 
more. According to the 
company, the accessory 
is suitable for research, 
QA/QC, and sample 
identification. 
PIKE Technologies, Madison, WI.  
www.piketech.com

RoHS-compliant sealed liquid  
transmission cells
Restriction of Hazardous 
Substances (RoHS) compliant 
sealed liquid transmission 
cells from REFLEX Analytical 
are designed with leak-free 
fluoropolymer seals that are 
isolated from the liquid sample. 
According to the company, available pathlengths include  
0.015 mm, 0.025 mm, 0.05 mm, 0.10 mm, 0.15 mm, 0.20 mm, 
0.50 mm, 1.0 mm, 5.0 mm, and 10.0 mm, along with a selection 
of transmission window materials. 
REFLEX Analytical Corp., Ridgewood, NJ. 
www.reflexusa.com/rocoselice.html

PRODUCTS & RESOURCES

(8) Joseph R. Lakowicz, Principles of Fluores-
cence Spectroscopy (Springer, Boston, 

Massachusetts, 3rd ed., 2006), https://

doi.org/10.1007/978-0-387-46312-4 

(9) C. Reichardt, Chem. Rev. 94, 2319–

2358 (1994). https://doi.org/10.1021/

cr00032a005 

(10) S.K. Behera, S.Y. Park and J. Gier-

schner Angewandte Chemie Interna-
tional Edition 60, 2–17 (2021). https://

doi.org/10.1002/anie.202009789

(11) B. Ciesielska, A. Lukaszewicz, L. Cele-

wicz, A. Maciejewski and J. Kubicki, Appl. 
Spec. 61, 102–112 (2007). https://doi.

org/10.1366/000370207779701389 

(12) B.U. Jaki, A. Bzhelyansky, and G.F. Pauli, 

Magnetic Resonance in Chemistry 59, 7–15 

(2021). https://doi.org/10.1002/mrc.5099

(13) J.R. Bacon and J.N. Demas, Anal. 
Chem. 59, 2780–2785 (1987). https://

doi.org/10.1021/ac00150a012 

(14) D.R. Lutz, K.A. Nelson, C.R. Gocha-

nour, and M.D. Fayer, Chem. Phys. 
58,  325 –334 (1981).  ht tps://doi.

org/10.1016/0301-0104(81)80068-7 

(15) G. Allen and E.F. Caldin, Q. Rev., 
Chem. Soc. 7, 255–278 (1953). https://

doi.org/10.1039/qr9530700255 

(16) O. Valdes-Aguilera and D.C. Neck-

ers, Acc. Chem. Res. 22, 171–177 

(1989 ).  h t t ps: //doi .o rg /10 .1021/

ar00161a002 

(17) J.B. Bi rk s ,  Rep. Prog. Phys.  38, 

9 0 3 – 9 74  ( 19 7 5 ) .  h t t p s : / /d o i .

org/10.1088/0034-4885/38/8/001 

(18) A.C. Albrecht, J. Mol. Spectrosc. 
6 ,  8 4 –10 8  (19 61) .  h t t p s : //d o i .

org/10.1016/0022-2852(61)90234-X

(19) J .  Pa o l e t t i  a n d  J - B .  L e  Pe c q , 

Anal. Biochem. 31,  33 – 41 (1969). 

h t t p s : //d o i . o r g / 10 .10 16 / 0 0 0 3 -

2697(69)90238-3 

(20) R. Klajn, Chem. Soc. Rev. 43, 148–

184 (2014). https://doi.org/10.1039/

c3cs60181a 

(21) J.P. Menzel, B.B. Noble, J.P. Blinco, 

and C. Barner-Kowollik , Nat. Com-
mun. 12, 1691 (2021). ht tps://doi.

org/10.1038/s41467-021-21797-x 

(22) R. Vonwandruszka, Crit. Rev. Anal. 

Chem. 23, 187–215 (1992). https://doi.

org/10.1080/10408349208050854 

(23) D.B.G. Williams and M. Lawton, J. 
Org. Chem. 75, 8351–8354 (2010). 

https://doi.org/10.1021/jo101589h

(24) Laboratory Techniques in Electroan-
alytical Chemistry, P. Kissinger and 

W.R. Heineman, Eds. (CRC Press, 

Boca Raton, Florida, 2018), https://

doi.org/10.1201/9781315274263

(25) S .  O k ad a a n d Y.  I id a ,  J .  Ma s s 
Spectrom. Soc., Jpn. 28, 263–268 

(198 0 ).  ht tps: //doi.org /10.5702 /

massspec.28.263 

(26) T.  P a g a n o ,  A . J .  B i a c c h i ,  a n d 

J . E .  K e n n y,  A p p l .  S p e c .  6 2 , 

3 3 3 – 3 3 6  ( 2 0 0 8 ) .  h t t p s : //d o i .

org/10.1366/000370208783759696 

Caitlyn English, Zechariah Kitzha-
ber, Joshua Williams, and M.L. 
Myrick are with the University of 
South Carolina, in Columbia, South 
Carolina. Direct correspondence 
to: MYRICK@mailbox.sc.edu ●

• Continued from Page 35

http://www.hubner-photonics.com
http://www.piketech.com
http://www.moxtek.com
http://www.reflexusa.com/rocoselice.html
https://doi.org/10.1007/978-0-387-46312-4
https://doi.org/10.1021/cr00032a005
https://doi.org/10.1002/anie.202009789
https://doi.org/10.1366/000370207779701389
https://doi.org/10.1002/mrc.5099
https://doi.org/10.1021/ac00150a012
https://doi.org/10.1016/0301-0104(81)80068-7
https://doi.org/10.1039/qr9530700255
https://doi.org/10.1021/ar00161a002
https://doi.org/10.1088/0034-4885/38/8/001
https://doi.org/10.1016/0022-2852(61)90234-X
https://doi.org/10.1016/0003-2697(69)90238-3
https://doi.org/10.1039/c3cs60181a
https://doi.org/10.1038/s41467-021-21797-x
https://doi.org/10.1080/10408349208050854
https://doi.org/10.1080/10408349208050854
https://doi.org/10.1021/jo101589h
https://doi.org/10.1201/9781315274263
https://doi.org/10.5702/massspec.28.263
https://doi.org/10.1366/000370208783759696
mailto:myrick@mailbox.sc.edu


Atlanta, GA, USA  |  March 5-9, 2022  

Pittcon is a catalyst of scientific advancement for you, your research, your career, your 
organization, and together, our world. Our aim is to provide you with unparalleled access 
to the latest advances in spectroscopy, to the instruments enhancing your work, and to 
an international assembly of scientists and innovators presenting a variety of lectures, 
some of which include:

Your opportunity to access a world of collaborative science starts at pittcon.org.

Molecular Spectroscopy to Study Disease 
Mechanisms and Treatment

Infrared and Raman Chemical Imaging 
and Spectroscopy at the Nanoscale

Next-Generation Vibrational Spectroscopy— 
Miniaturization, Data-Analysis, Applications

Enhanced Bioanalytical Techniques Based 
on Raman Spectroscopy

Entrepreneurs, Start-Ups, Mergers and 
Acquisitions in Analytical Instrumentation

National Institute of Justice—Advances in 
the Analysis of Forensic Trace Evidence

Autonomous Analytical Techniques: 
Remote Sensing from Drones and Other 
Expeditionary Platforms

Challenges, Needs and Opportunities in 
Photothermal Spectroscopy: Evolution, 
Revolution or Back to the Future

Shedding Light on Electrochemical Interfaces: 
How New Spectroscopic Strategies Inform 
Electrochemical Materials and Transformations

Society for Applied Spectroscopy—Dispatches 
from Mars: Recent Results from the 
Perseverance Rover

http://www.pittcon.org


PlasmaQuant
Engineered for Excellence.

ICP-MS Tailored to Your Requirements 
The PlasmaQuant MS series

info@us.analytik-jena.com
www.analytik-jena.us

For more information, contact:

With the PlasmaQuant MS, Analytik Jena offers ICP-MS instruments perfectly adapted to your application. Individual 
instrument configurations, upgrade options and accessories make the PlasmaQuant MS your analytical tool of choice 
for highly efficient work. 

Benefit from superior ICP-MS technology:
     Best analytical performance with 10 times more sensitivity
     Highest throughput with 50% more samples per hour
     Most efficient operation saving 50% of the plasma running costs
     True wide range multielement analysis with 11 orders analytical range in pulse-counting mode only
     Exceptional application efficiency with outstanding mass separation and lowest abundance sensitivity in ICP-MS

WCPS 2022| Tuscon, AZ |Booth 26
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