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Once again, the enthusiastic response 

to the molecular spectroscopy and 

Raman spectroscopy terminology guides has 

led the editors of Spectroscopy to develop 

a similar guide focusing on those terms re-

lated specifically to infrared spectroscopy, 

and including general molecular spectros-

copy and some few complementary Raman 

terms. This guide includes many terms related 

to infrared instrumentation, sampling, meas-

urement techniques, basic nomenclature and 

concepts, data processing, and applications 

of infrared instrumentation. In addition, this 

guide includes some data processing terms, 

a few statistical data analysis terms, and the 

essential chemometric terms for typical data 

preprocessing and calibration. 

"The Infrared Terminology Guide" is a 

comprehensive, yet practical set of def-

initions for topics of interest to molecular 

spectroscopists and those specifically using 

infrared spectroscopy in their daily work rou-

tines. This guide includes the various types of 

infrared spectroscopy techniques and many 

terms related to the applications of infrared 

spectroscopy instruments. This guide in-

cludes over 250 definitions of spectroscopy 

terms in sufficient detail to provide readers 

with a reasonable understanding of the  

concepts covered. 

In addition to using this guide, spectros-

copists may also wish to know the definitions 

given by various organizations for many spec-

troscopic terms; for these, one may refer to 

The American Chemical Society (ACS) Style 
Guide, The American Society for Testing and 

Materials (ASTM) terminology guides, United 
States Pharmacopoeia (USP) documents,  

or the International Union of Pure and Applied 

Chemistry (IUPAC) guidance documents. 

Introduction to the Guide
Jerome Workman, Jr. 

This terminology guide did not attempt to 

be all-inclusive in its coverage. For example, 

we have elected not to attempt to cover every 

possible term used for infrared spectroscopic 

instrumentation, measurement, data handling, 

and validation, nor to go too deep into theo-

retical or complex infrared phenomena—alt-

hough aspects of spectral interpretation are 

briefly covered. Instead, we have chosen to 

include most terms that may be encountered 

where infrared spectroscopy is in general  

laboratory use. 

Infrared measurement methods included 

are circular dichroic measurements, internal 

reflection (ATR), diamond anvil cell (DAC), 

diamond compression cell (DCC), diamond 

ATR, diffuse reflectance (DRIFTS), Fourier 

transform infrared (FT-IR), and near infra-

red (FT-NIR). Fourier transform ultraviolet  

(FT-UV), gas chromatography-infrared (GC-IR, 

GC-FT-IR), grazing angle infrared reflectance, 

hyperspectral imaging (HSI), step-scan 

measurements, IRRAS (infrared reflection 

absorption spectroscopy), microscopy, 

integrating sphere reflection, kinetic 

measurements, PAS (photoacoustic 

spectroscopy), polarization modulation 

measurements, rapid scanning, and re-

flectance measurements are also inclu-

ded. Also found are thermogravimetric 

(TGA-IR, TGA-FT-IR), timedrive measu-

rements, two-dimensional (2D) correla-

tion spectroscopy, VCD (vibrational cir-

cular dichroism), VLD (vibrational linear 

dichroism). Finally, a few data proces-

sing and spectral manipulation terms  

are included.

This glossary is intended be helpful 

to both novice and advanced infrared  

spectroscopists.
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A
Abrasion sample preparation: Samples 
of high hardness can be studied by the 
abrasion of the surface of the sample onto 
a sheet of abrasive material, such as silicon 
carbide or carborundum paper—at this 
point a number of different methods may 
be used to analyze the abraded material. 
If there is sufficient powder created, a mi-
croscope, KBr pellet, or Nujol mull can be 
used for the sample. An interesting and 
simple procedure is to measure the dif-
fuse reflectance (DRIFTS) of the abraded 
sample directly on the abrasive material.
Abscissa: Designates the horizontal (x) 
axis of a graph and, typically, the wave-
length or wavenumber scale of a spectrum.
Absorbance: Measure of the amplitude of 
absorbed energy in a spectrum related to 
the concentration of an analyte. This term 
is also referred to as the negative log (base 
10) of transmittance (-log10T = log10[1/T]). 
This is also represented as the product 
of absorptivity (ɛ), also known as the ex-
tinction coefficient, pathlength (l), and 
concentration (c), written as A = ɛlc. Note 
that absorbance = log10(1/reflectance) or 
absorbance = log10(1/transmittance). 
Absorptivity: Probability of energy ab-
sorbing at a particular wavelength for a 
specific analyte under specific conditions 
(that is, a specific combination of pH, sol-
vent, and temperature). Thus, a specific 
amount of material at specified measure-
ment conditions will absorb a specific 
fraction of the energy striking it. Absorp-
tivity is generally signified by either a lower 
case epsilon (ɛ) or a. It is defined as:

ε = 
A
cl [1]

Where the variables are ɛ is the molar 
absorptivity in units of L/(mol · cm); c is 
the concentration of molecules in the 
spectrometer beam in units of mol/L, 

and pathlength (l) is the thickness of the 
sample in units of cm; A is the measured 
absorbance or absorbance units (AU) and 
is unitless).
Accuracy: A measure of the agreement 
between the amount of a substance as de-
termined by an analytical procedure and 
the “true” amount of that substance in the 
sample. Since the “true” value may be un-
known, it is approximated by determining 
it using a reference analysis method—that 
is, a method whose accuracy can be es-
timated. If enough determinations are 
averaged, improved approximations of 
the “true” analyte concentrations can be 
made. In spectroscopic calibrations, the 
accuracy is usually expressed as the stan-
dard error of estimate (SEE) or the stan-
dard error of prediction (SEP) as statistics 
that measure agreement between the 
spectroscopic analysis and the reference 
value determined by a reference method. 
This error is usually ascribed to the instru-
ment, although in fact, it is due to the error 
variances of both the instrument and refer-
ence methods. Accuracy with respect to 
an instrument performance calibration is 
the agreement of a measurement param-
eter (for example, wavelength, photomet-
ric value, or linearity) to the certified values 
of a reference standard.
Acousto-optical tunable filter (AOTF): 
A bandpass filter, also known as a Bragg 
cell, that uses sound waves to electroni-
cally change the bandpass and angle of 
transmitted energy through the device. 
The device uses acoustic diffraction of 
light with a broadband detector if the 
filter is rotated, or with an array detec-
tor if no rotation of the AOTF optical 
element occurs. This device is generally 
made using a tellurium dioxide (TeO2) 
crystal in combination with a piezoelec-
tric detector. A radio frequency pulse is 
applied to the device, which changes the 
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index of refraction within the crystal and 
therefore its light diffraction or transmit-
tance characteristics. A change in radio 
frequency causes a change in the trans-
mitted wavelengths and the exit angle of 
the diffracted light. Spectral ranges for 
AOTF can be useful within the infrared 
region from 4000 cm-1 to 2272 cm-1 with 
a typical spectral resolution of 0.5% of the 
transmitted wavelength.
Active detector: A photon detection 
system requiring electronic power that 
will detect photons at various frequency 
ranges and create a change in an elec-
tronic signal based on the photon or 
electromagnetic energy flux striking the 
active detection element. An infrared de-
tector is a device that will detect infrared 
energy, such as thermal detectors (bolom-
eters), thermocouples, or Golay cells, or 
solid-state detectors. Infrared detection 
materials include indium gallium arse-
nide (InGaAs), mercury cadmium telluride 
(MCT, HgCdTe), indium antimonide (InSb), 
indium arsenide (InAs), lead sulfide (PbS), 
lead selenide (PbSe), and germanium (Ge), 
deuterated triglycine sulphate (DTGS), 
deuterated lanthanum α alanine doped 
triglycine sulphate (DLaTGS), and lithium 
tantalate (LiTaO3). 
Analog: A term used to describe or 
represent continuously variable physical 
quantities. Analog data has continuity 
as contrasted to digital data, which is in 
discrete reporting states. Analog signals 
are continuously variable quantities that 
contain information resolution dependent 
only upon the magnitude of the signal.
Analysis: The determination of the quan-
tity of a particular substance (that is, ana-
lyte) contained within a sample, usually 
expressed as weight percent of an analyte. 
Note that spectroscopy directly measures 
a volume fraction unit, not a weight frac-
tion unit. One may also perform analysis 

on the optical performance of a spec-
trometer for its optical, mechanical, and 
electronic performance levels.
Analyte: The particular material (com-
pound) or chemical species of interest to 
be determined within an aliquot of a phys-
ical sample using an analytical method.
Angle of incidence: The angle between 
the incident radiation beam with respect 
to a normal (perpendicular) surface angle. 
For a plane and specular surface the inci-
dent and reflected angles for a beam of 
light are equivalent. 
Anisotropy: A reflection property where 
the energy is not equivalent for all positive 
angles of reflection; therefore reflected 
energy is different for different reflection 
angles from a surface.
Apodization or apodization function: A 
filtering function used to remove the "rip-
ple" effect on either side of spectral peaks 
or bands following the application of the 
Fourier transform to an interferogram. 
These ripples are minimized by applying 
a function to spectral data to produce 
smaller ripples and slightly broadened 
peak widths. Note that boxcar apodiza-
tion (BA) is the apodization function ap-
plied to Fourier-transform interferogram 
spectra that maximizes both peak height 
and resolution (band halfwidth) as com-
pared to other apodization functions. BA 
is the apodization function most often 
used for gas-phase infrared spectropho-
tometry; it is a square waveform apodiza-
tion function, in contrast to a triangular or 
Happ-Genzel (smoothed triangular func-
tion) apodization function.
Array detector: A photoelectric detec-
tor that includes multiple, evenly spaced 
lines or rectangles of detectors (or pixels), 
each of which may independently de-
tect a broad wavenumber (wavelength) 
range of energy. These detectors may 
be flat or curved to accommodate a 
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multiwavelength beam of diffracted 
light. They may be a linear array or a rect-
angular array utilizing infrared detectors 
where different pixels form a mosaic or 
pixel map capable of collecting and re-
porting two-dimensional (2D) images. 
The 2D images are accumulated to 
form a hyperspectral image of 3- (3D) or  
4-dimensions (4D). 
Atline: A term used to describe instru-
mentation that chemically quantifies or 
qualifies materials in near real-time (as 
they are produced) near a production 
line. Generally a sample aliquot is taken 
from the production line and moved to an 
analysis station for manual sample presen-
tation to a nearby instrument.
Atmospheric correction for IR spectra: 
Normal laboratory air contains significant 
and measurable amounts of both water 
vapor and carbon dioxide (CO2), which 
will interfere with the measurement of 
infrared spectra. If dry nitrogen purg-
ing of internal instrument air is not avail-
able or does not adequately remove the 
water vapor and CO2 from spectra, it is 
suggested that the water vapor (mainly 
3950–3550 cm-1) and carbon dioxide 
(3750–3550, 2400–2250, 750–600 cm-1) 
spectral regions be removed from spec-
tral searches or quantitative analysis meth-
ods using spectral windowing or digital 
removal via a suitable fitting or modeling 
process to mitigate the influence of these 
interferents on the spectral results.
Attenuated total reflection (reflec-
tance) (ATR): This technique uses mul-
tiple “bounces” of energy off a sample 
surface with evanescent waves interact-
ing with the front surface of the sample. 
An ATR element as an internal reflection 
element (IRE) is configured as vertical ATR 
(traditional), horizontal ATR, and cylindri-
cal ATR (such as the circle and tunnel cells). 
ATR is suitable for studying continuous 

surfaces, such as sheets or small blocks 
of compliant materials. The horizontal ac-
cessories are ideal for liquids and pastes 
(trough versions) as well as soft powders 
and sheet films (flat plate versions). If a 
powder or film is to be analyzed with a 
horizontal ATR, pressure must be ap-
plied. The accessories are normally sup-
plied with an optical pressure applicator 
for this purpose–often equipped with a 
micrometer gauge to provide for repro-
ducible setting of the applied pressure. 
The cylindrical ATR accessories are nor-
mally limited to mobile liquids. In ATR 
measurements there is physical contact 
of the ATR crystal with the sample surface. 
ATR crystal materials include diamond (Di), 
germanium (Ge), silicon (Si), and zinc sele-
nide (ZnSe). ATR measurements can yield 
excellent quality spectra provided that 
the contact pressures of the ATR crystal 
and the sample are held constant. By ap-
plying an ATR correction algorithm, ATR 
spectra may be compared qualitatively 
with transmission spectra. 
Attenuated total reflection (ATR) cor-
rection: This is also known as “attenuated 
total reflectance correction.” A conver-
sion function to compare transmission 
spectra to ATR spectra for infrared spec-
troscopy. The functional conversion de-
pends upon the refractive indices of the 
ATR crystal and the sample, the angles of 
incidence and collection for the infrared 
beam, and the number of bounces for 
the beam with the ATR crystal. The con-
version is important for quantitative and 
qualitative comparisons between ATR 
spectra and transmittance spectra. Using 
this correction, ATR and transmission 
spectra may be compared using library  
searching techniques.
ATR depth of penetration: ATR (attenu-
ated total reflection) is used for surface 
analysis using physical contact with a 
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sample surface. The technique utilizes an 
ATR crystal for physical contact with the 
sample. Typical crystal materials include 
diamond (Di), germanium (Ge), silicon (Si), 
and zinc selenide (ZnSe). ATR measure-
ments can yield excellent quality infrared 
spectra provided that the contact pres-
sures of the ATR crystal and the sample 
are held constant; reproducible data 
requires reproducible contact pressure. 
Commercial contact gauges are available. 
One percent reproducibility is typically 
achieved when keeping the contact pres-
sure constant. ATR crystals are generally 
ZnSe with a refractive index of 2.42 and 
an angle of incidence of 45o. Sample pen-
etration is to a maximum of 40 µm using 
the ZnSe ATR crystal. An air background is 
taken for ATR measurements. The depth 
of penetration (Dp) is calculated for ATR 
measurements using the relationship:

Dp = 
λ

2� · n1 (sin2 α1 - (      )2 )n2
n1

1
2 [2]

Note: n1 is the refractive index of the ATR 
crystal; refractive indices for typical ATR 
crystals are: ZnSe (2.42), Di (2.2), Si (3.6), 
Ge (4.0); n2 is the refractive index of the 
sample (water at 20 °C is 1.333); and α1 
is the angle of incidence (and reflection) 
of the ATR crystal; typically 45 °. Note: for 
computation, sin2α1 = [sin(α1)]

2. 

B
Band strength: See Infrared band posi-
tions and strengths.
Bandpass filter: A filter that is designed 
to provide transmission for a particular 
band of infrared frequencies, but to at-
tenuate (reduce) transmission of infrared 
frequencies above and below the speci-
fied transmission band. Specifications in-
clude a halfwidth or full width at half-max-
imum (FWHM) of the transmission band, 
the transmission peak position, and the 

attenuation transmission specifications 
with respect to frequency or wavelength.
Bandwidth: This term refers to the full 
width at half-maximum (FWHM), the 
line width, or the spectral resolution, of a 
spectrophotometer. It also refers to the 
range of frequencies (wavelengths) over 
which a particular instrument is designed 
to function within specified performance 
limits. Also it refers to the limits or ex-
treme difference between the specified 
frequencies of a measured spectral range 
(that is, high versus low frequencies over a 
spectral range).
Baseline correction: A spectral data 
processing technique which subtracts 
or removes the simple bulk background 
shape (offset information) from a mea-
sured spectrum prior to using the spec-
trum for peak picking or library searching. 
Spectra taken with different instruments 
or with varying sample conditions, such 
as particle size or turbidity, may have dif-
ferent baseline offset and curvature. Vi-
sually or mathematically comparing such 
spectra may require a baseline correction. 
These corrections are generally a single 
point or multipoint offset, a linear cor-
rection, or various first- or second-order 
polynomial corrections. The single- and 
multipoint correction involve the addition 
or subtraction of one or more points from 
the baseline, which changes the offset 
position of the spectra to more closely 
match. Linear or polynomial corrections 
involve fitting the mathematical function 
to the baseline and then subtracting the 
fitted line or curve from the spectrum, 
transforming the comparative spectra to 
have a similar amplitude scale and shape. 
Beamsplitter: An optical element that is 
coated in such a way that approximately 
50% of the energy striking the element is 
reflected and 50% is transmitted; these 
optical elements are often referred to as 
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half-mirrors. A Michelson interferometer 
comprises a beamsplitter, which is an ac-
tive optical element, along with one fixed 
and one moving mirror. Dual-beam instru-
ments exhibiting simultaneous sample 
and reference beams also use a beam-
splitter to separate the beams used to 
measure ratioed spectra into two beams, 
referred to as the sample and reference 
beams, respectively. 
Beer’s law (Beer-Lambert law): A lin-
earization algorithm to convert transmis-
sion or reflection spectra to absorbance. 
The transmission or reflection spectral 
responses are not linear with concen-
tration, whereas the logarithmic absor-
bance conversion is assumed linear with 
changes in analyte concentration. It is 
strictly defined for transmission or trans-
mittance spectroscopy. Beer’s law relates 
the amount of electromagnetic radiation 
that passes through a sample to the com-
position of that sample. For the case of a 
single absorbing species, it is often written  
as follows: 

A = alc = εlc [3]
Where A = measured absorbance = - 
log10 (I/Io); I = intensity of radiation through 
the measuring system in the presence of 
the sample; Io = intensity of radiation mea-
sured through the measuring system in 
the absence of the sample; a = ɛ = the ab-
sorptivity of the sample at the wavelength 
of measurement in units of L/mole cm; an 
intrinsic property of the molecular species 
(also known as the extinction coefficient in 
physics); l = the pathlength through the 
sample in cm; and c = the concentration 
of the sample for a single absorbing spe-
cies in units of mole/L . If all the physical 
parameters (particularly the pathlength) 
are kept constant, then the measured ab-
sorbance is in absorbance units (A.U.) as 
(A) and is directly proportional to the con-
centration (as mass per unit volume) of the 

analyte species of interest. This principle 
is the basis of absorption-based spectro-
scopic quantitative analysis.
Bias: The average difference between a 
set of instrumental analyses and the corre-
sponding set of laboratory reference val-
ues; or a set of samples measured using 
a comparison instrument or analytical 
method. More generally, it is the average 
difference between two sets of measure-
ments on the same sample or samples. It 
also refers to an offset (or difference) from 
a specific set of conditions. 
Bi-directional scan: A bi-directional in-
terferogram collects data in both mirror 
directions (forward and backward). The 
forward-direction interferogram is com-
bined with the backward-direction inter-
ferogram into a single data array, repre-
senting the first and second halves of the 
combined array, respectively.
Bit: Abbreviation of binary digit. A bit is 
the value of the least significant place of 
a number in the binary number system. It 
is the smallest unit of information a tra-
ditional computer can handle. A bit cor-
responds to the output of a solid-state 
device, which is either the “0” state (usu-
ally 0 V), or the “1” state (usually +5 V). In 
traditional computer circuits intermediate 
states are not defined.
Blind duplicate: Reference laboratory 
data used for calibrating instruments are 
generally analyzed using primary analysis 
methods—that is, methods that depend 
only on fundamental physical laws and 
well-determined physical constants such 
as molecular weight. Thus, the accuracy of 
such laboratory data cannot be measured 
by comparison with reference data, since 
there is, theoretically, no technique that is 
more accurate. Nevertheless error does 
exist in such data; the magnitude of the 
error can be assessed by comparing the 
laboratory with itself, or by comparing the 
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values reported on multiple independent 
analyses of the same sample. To ensure 
that the analyses are independent, the 
test samples should be randomized so 
that the laboratory analyst cannot detect 
the repeat aliquots of the same sample. 
If several samples are replicated, then it 
suffices to send each one in only twice 
because this approach will provide data 
to calculate an estimate of laboratory ac-
curacy, reported as both precision and 
accuracy. Carefully prepared gravimetric 
samples are generally considered the 
most accurate reference samples.
Brewster angle: When a light beam at 
a specific wavelength passes through 
one medium (for example, air) and re-
flects or interacts with another medium 
(for example, glass, plastics, or other di-
electric materials), the angle where the 
p-polarized light does not reflect (that is, 
the p-polarization light reflection equals 0) 
is termed the Brewster angle. It is also the 
angle that constitutes perfect or 100% of 
the light transmitted through the dielec-
tric medium. Note the Brewster’s Angle 
for an air-glass interface is 56o.

C
Calibration: Most often defined as de-
termining the response of an analytical 
method to known amounts of pure or 
reference analyte. Instrument calibra-
tion refers to measuring and aligning the 
x- (wavenumber) and y-axis (amplitude 
or intensity) measurements of a spectro-
photometer with respect to a reference 
material of standard and known optical 
response characteristics, such as in wave-
number or photometric accuracy calibra-
tion standards. Product calibration is the 
process of computing an equation or 
model to fit reference laboratory analyte 
values to instrument readings for prod-
uct calibrations. In spectroscopy, prod-

uct calibrations are usually performed by 
linear or nonlinear multiple regression 
techniques. Such calibrations are able to 
predict analyte concentrations or physi-
cal properties of a sample based upon a 
spectral measurement. 
Calibration curve: The results of a 
calibration when graphed, usually with 
Cartesian coordinates, with a parameter 
such as concentration (in molarity) on the 
x-axis, versus absorbance or instrument 
response on the y-axis. Developing a cali-
bration curve or line often involves the ap-
plication of statistical regression methods. 
Calibration set: A collection of samples 
containing known and varying amounts 
of the analyte used to calibrate an instru-
ment. This sample collection is also re-
ferred to as the learning set or teaching set.
Carbon dioxide: See Atmospheric cor-
rection for IR spectra.
Centerburst: An interferogram has a cen-
terburst, also referred to as the zero-path-
difference (ZPD) location. When the opti-
cal path distance of the fixed and moving 
mirror are identical with respect to the 
beamsplitter within the interferometer, 
the interferogram is at maximum interfer-
ence; this mirror configuration is referred 
to as the centerburst position.
Chalcogenide: These materials contain 
a Group XVI element from the periodic 
table. The main use in spectroscopy is for 
infrared-range transmitting optics such 
as fiber optics and optical lens elements. 
Chalcogenide fibers contain chalcogen-
ide glass, consisting of sulfur (S), selenium 
(Se), and tellurium (Te) and such elements 
as antimony, arsenic, and germanium to 
form crosslinking for greater glass stability. 
Chalcogenide glass fibers transmit over 
the spectral range of 1 to 12 µm or 1000 
to 12,000 nm (10,000 to 833 cm-1). They 
are chemically and thermally stable and 
relatively flexible. The most common in-
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frared optical materials in the chalcogen-
ide category include cadmium sulfide 
(CdS), cadmium selenide (CdSe), cad-
mium telluride (CdTe, formerly marketed 
as IRTRAN-6), Cleartran (water clear zinc 
sulfide), zinc selenide (ZnSe, formerly mar-
keted as IRTRAN-4), and zinc sulfide (ZnS, 
formerly marketed as IRTRAN-2).
Chemometrics: A subdiscipline of 
analytical chemistry involving complex 
overlapping molecular patterns from a 
sample chemistry (that is, chromatogra-
phy, spectrometry, or spectroscopy); and 
the interpretation of these signal patterns 
(for example, chromatograms or spectra) 
using a series of multivariate mathemati-
cal techniques in the usable form of com-
puter algorithms and software.
Christiansen effect: An effect where 
a nonlinear distortion occurs for strong 
absorption bands transmitting or reflect-
ing energy through, or from, crystalline 
particles that are slightly larger than the 
measuring wavelength of energy. 
Circular dichroism: For an optically active 
molecule, left or right circularly polarized 
energy will produce different absorption 
spectra. The circular dichroism spectrum 
for optically active molecules changes 
with the wavenumber of the incident 
energy. The technique is used to deter-
mine the molecular structures of certain 
types of bioorganic molecules, such as 
DNA or nucleic acids, and for secondary 
structure estimation of proteins. It is often 
performed using the ultraviolet or infrared 
spectral regions. 
Coefficient of determination: The 
square of the correlation coefficient (r). 
See also R2.
Coherent 2D IR spectroscopy: A form 
of infrared spectroscopy, using femto-
second laser pulses, that provides more 
structural information than 1D FT-IR spec-
troscopy. Coherent 2D IR spectroscopy al-

lows for the separation of homogeneous 
and homogeneous contributions to the 
vibrational line width, determination of 
anharmonic constants, and direct obser-
vation of coupling between different vi-
brations via cross peaks. The technique is 
analogous to 2D NMR spectroscopy but 
utilizing vibrations instead of nuclear spins.
Combination band: An absorbance 
band arising from the interaction of two 
or more vibrations of a molecule—for 
example, stretching and bending. The 
new frequency for the combination band 
is calculated as the sum of the vibrational 
frequencies of the coupled (interact-
ing) bands (ν combined = ν1 + ν2). In the 
near-infrared region example, C-H stretch 
combination bands occur four times, and 
the O-H combination bands occur three 
times. For example, in the NIR region the 
first combination region for C-H stretch-
ing occurs from 4550 cm-1 to 4000 cm-1 or 
2200 nm to 2500 nm; the second combina-
tion region occurs from 7400 cm-1 to 6666 
cm-1 or 1350 nm to 1500 nm, and so forth. 
Combination search: A method of se-
lecting a subset of variables from a larger 
set by performing trial calibration using 
different combinations of variables to 
form each subset, then selecting that sub-
set giving the most accurate calibration. 
This concept is usually extended to trying 
all possible combinations of variables. It 
was most often applied to selecting ap-
propriate wavelengths for multiple linear 
regression calibrations. 
Compressed pellet sampling: A sam-
pling technique where compressed pel-
lets are created using potassium bromide 
(KBr) or potassium chloride (KCl) mixed 
with a finely powdered sample. These KBr 
or KCl disks are a standard procedure for 
the preparation of powdered or friable 
solids. This sampling technique involves 
grinding the sample to a sub-micrometer 
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(<0.1 µm) particle size using a mortar and 
pestle (preferably made from agate) 
or a mechanized grinder. The ground 
sample is then mixed uniformly with dry, 
ground KBr or KCl powder. The mixture 
is placed in a clean, dry pressure die and 
compressed at a nominal pressure of 
10-tons for 5-10 minutes. A vacuum may 
be applied to the die during compres-
sion to remove traces of moisture. Once 
pressed, the resultant pellet is placed 
carefully into a pellet holder, which in 
turn is placed within the instrument for  
transmission measurements. 
Concentration: The amount of analyte 
in a given volume of sample—for spec-
troscopy this is in moles per liter (mol/L) or 
other mass per unit volume units.
Confocal optics: The term is defined as 
two optical elements with an identical 
focal length or focus, such as a pair of 
matched spherical mirrors with a distance 
equal to their respective radii of curvature, 
a set of pinholes with the same foci, or a 
pair of matched lenses with the identical 
foci. For confocal microscope optics, the 
sample and the condenser optics are at 
the same focus. Greater resolution is pos-
sible when confocal pinhole apertures are 
used as in confocal microscopy; this tech-
nique is also useful for three-dimensional 
structure rendition. 
Constituent: Any discrete component 
(analyte concentration or measured 
physical property) of a sample, more 
specifically, a component for which an 
instrument can be calibrated to mea-
sure. Also referred to as parameter or  
product constituent.
Correlation: The tendency of two sets of 
numbers to follow one other; that is, to 
increase or decrease together. This ten-
dency is usually expressed numerically by 
the correlation coefficient. In some fields 
this term is more commonly referred to 

as Pearson's r or Pearson's correlation, 
named after Karl Pearson (1837–1936). 
Correlation coefficient: The numerical 
measure of correlation as described in 
the following equation. The correlation 
coefficient must always lie between -1.0 
and +1.0. For instrument calibrations the 
correlation coefficient should be posi-
tive (+). The correlation coefficient is cal-
culated from the following expression, 
where there are two variables compared, 
namely X and Y with n being the number 
of data-point pairs. A correlation is com-
puted from a set of paired data so there is 
an X and Y comparison for three or more 
samples, the greater the n, the more con-
fidence is attained in the calculated r.

r = 
∑ (Xi - X)(Yi - Y)
i=1

n

∑ (Xi - X)2 ·
i=1

n
∑ (Yi - Y)2

i=1

n [4]

Correlation transform: A term used 
to describe the process of using corre-
lation statistics with multilinear regres-
sion analysis to select the optimum 
regression equation for the sample set 
based upon the correlation between 
the analyte concentration and a change 
in spectral response for a particular 
wavelength or wavenumber datapoint,  
or spectral region.
Counts: The measured raw signal used 
in photon detection electronics relating 
to the analog-to-digital (A/D) converter 
signal. Most modern photodetectors use 
a 16-bit A/D electronics converter corre-
sponding to a maximum signal count of 
216 = 65,536 counts for full-scale detection, 
having a full range of 0 counts to 65,536 
counts. Optical detection instruments are 
adjusted such that a typical or expected 
signal falls within this count response 
range. Intensity response in counts for 
sample (I) and reference (I0) measure-
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ments is converted to absorbance using 
Beer’s law.
Curve resolution: One of several meth-
ods of deconvoluting severely overlapped 
complex spectra. Resolution algorithms 
reveal the individual absorbance bands 
that make up the spectrum. Various 
functions are used to approximate the 
shapes of the component spectra, in-
cluding Gaussian, Lorentzian, and other  
curve functions.

D
Degrees of freedom: A measure of the 
number of independent measurements 
in a data set. In a data set to be used for 
calibrating an instrument, the degrees of 
freedom are equal to the number of ref-
erence laboratory measurements against 
which the instrument is calibrated. The 
final results contain fewer degrees of free-
dom than this number of measurements, 
because the calibration process creates 
some dependence between the results; 
there is a loss in one degree of freedom 
for every calculated parameter—typically, 
n - 1 degrees of freedom is used when 
reporting a single statistical parameter 
computed from a data set.
Derivatives: In spectroscopy, it is used to 
indicate first- through fourth- derivative 
(difference) functions of the absorbance 
spectrum with respect to wavelength. 
Generally the Savitzky-Golay algorithm 
is used to create derivative spectra. The 
application of first- through fourth-order 
derivative processing to a spectrum is 
used for analyte signal enhancement 
and smoothing. The derivative process 
is applied for visual data exploration 
or is completed prior to multivariate  
calibration modeling.
Detector: A device sensitive to electro-
magnetic radiation at the wavelength re-
gion of interest. The output of the device 

is usually an electrical signal proportional 
to the intensity of the electromagnetic 
energy input. The detector generally 
produces an analog signal proportional 
to the radiation striking the detector el-
ement. This analog signal is converted 
into a digital signal by means of an ana-
log-to-digital (A/D) converter and ampli-
fier circuit. See also Passive detector and  
Active detector. 
Detrend: Detrend is a general term used 
to describe the removal of a basic trend 
from data to more closely determine the 
signal attributes associated with analyte 
concentration or basic information con-
tent within a signal. To perform detrend-
ing, the data in a time series are subjected 
to a linear least squares fit and then the 
fit function is subtracted from the data. 
For unusual curved shapes in the base-
line of spectra, a polynomial function of 
a selected order is fit to all the suspected 
baseline data points in the spectrum and 
this fit function shape is subtracted from 
the spectrum. The polynomial is used to 
fit all data points in the spectrum. This 
technique will remove large background 
interferences, or specific background 
trending variations, and is often used in 
combination with the standard normal 
variate (SNV) preprocessing function. A 
detrend algorithm consists of a polyno-
mial or linear fit to each spectrum and a 
subtraction function of the fit function 
from the spectrum. The remaining spec-
trum is used for multivariate calibration or 
qualitative spectral searching comparison. 
Diamond anvil cell (DAC): This accessory 
is a small (microversion) compression cell 
made of two specially cut diamonds that 
is ideal for the study of physically hard 
(but compliant) samples, certain intrac-
table samples, and samples that are op-
tically too thick for normal transmission 
measurements. Note this accessory is 
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intended to measure samples <1 mm in 
diameter. An aperture sends the beam 
through two diamond anvils with the 
sample compressed between the dia-
monds. The culets of the two diamond 
anvils (diamond tips or surfaces that are 
compressed together) are typically 100–
250 microns across, and the pressures 
between the anvils may be from 100–700 
gigapascals (7252–50,763 tons/in2). To 
use the diamond anvil accessory, a beam 
condenser is recommended for optimal 
throughput. Alternatively, the diamond 
cell may also be used in combination 
with an IR microscope. The effect of high 
pressure is often to change the molecu-
lar structure and the resulting IR spectrum  
of samples.
Diamond compression cell (DCC): A 
sampling accessory made to flatten and 
make thin the samples for better data 
collection (typically using an FT-IR micro-
scope). It does not use either the small 
flats optical elements or extreme pressure, 
like the DAC.
Diamond ATR: This accessory is a small 
cylindrical ATR, featuring a Diamond IRE, 
used in flow cell or immersion probe ge-
ometries, and provides an ideal tool for 
the continuous monitoring of chemically 
reactive media. An alternative configura-
tion, based on a small diamond sensing 
surface combined with a zinc selenide 
support optic, is available in both inser-
tion probe and horizontal ATR formats. 
The probe formats are ideal for industrial 
process monitoring applications. The 
horizontal ATR format provides a more 
or less “universal” sampling platform for 
both liquids and solids. Its benefits over 
traditional horizontal ATR accessories 
include the strength of the diamond, for 
handling hard noncompliant surfaces, 
and the chemical inertness, for handling 
corrosive media such as strong acid and 

base (alkaline) solutions. By far the most 
common diamond ATR at present is the 
monolithic (without ZnSe) diamond flat 
used as the "universal" sampling ATR 
device. The ZnSe format is presently less 
popular due to delamination of previous 
diamond–ZnSe combinations, while the 
price of the diamond monolithic ATR ele-
ments has dropped significantly.
Difference bands: Similar to combination 
bands in that two or more absorbance 
bands are involved. In difference bands, 
the observed frequency of two interact-
ing bands is the difference in frequency 
between the two bands as defined in the 
following equation:

(v difference = v1 - v2) [5]

Difference spectroscopy: In difference 
spectroscopy, two spectra are subtracted 
one from another to determine spectral 
differences. This technique is quite pow-
erful for determining slight variations in 
composition when interpreting spectra; 
it also assists in identifying low levels 
of individual compound differences in  
mixture spectra. 
Diffuse reflectance (DRIFTS): The 
DRIFTS (diffuse reflectance infrared 
Fourier transform spectroscopy) mea-
surement technique is used when a 
light-diffusing surface, such as a pow-
der or a roughened surface, is to be 
studied. IR energy is reflected off of a 
diffuse solid surface and reflected back 
onto the detector, thus measuring the 
diffuse reflection from a surface. The 
reflectance spectrum is converted 
to an absorbance spectrum using  
absorbance = - log10 (reflectance).
Digital: Refers to the behavior of certain 
devices (such as computers) that can only 
be in one of a finite number of discrete 
states. Computers can only be in the 
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states associated with the output of the 
various electronic components exhibit-
ing voltage levels corresponding to the 0 
state or the 1 state. Each such solid-state 
device contains the information for one 
binary digit. See also Bit.
Digital light processing (DLP): A digital 
light processing device is a microelectro-
mechanical system (MEMS) device also 
known as a digital micromirror device 
(DMD). This stationary fixture consists 
of many thousands or millions of micro-
mirrors used in a DLP spectrophotom-
eter. The micromirrors move in series to 
capture the diffracted light from a fixed 
diffraction grating onto a set of collima-
tion optics guided to a detector to cre-
ate a full spectrum in microseconds. The 
solid-state DLP spectrometer yields fast, 
high-resolution spectroscopy, particularly 
for the visible and near-infrared regions.  
This optical configuration is quite tem-
perature sensitive. 
Dipole moment: For any molecule hav-
ing covalent, intermediate, or opposite 
polar charges (+q and –q) separated by a 
distance of d—the magnitude of the di-
pole moments (+q and –q ) are reported 
in Debye units. The permanent electric 
dipole moment is equal to the vector p = 
qd. If the charges (qi) are located at points 
ai, bi, ci, the magnitude of the dipole mo-
ment (Pa) is equal to

Pa = qidi where; di = aibici [6]

Discriminant analysis: A mathematical 
technique for identifying or classifying 
data according to previously defined 
patterns. This technique is sometimes 
referred to as qualitative analysis or clas-
sification analysis. 
Double (dual) beam: This term is ap-
plied to the simultaneous measurement 
of optical data from both a sample 

beam and a stable reference beam.  
Although the optical radiation used to 
obtain the measurements may share 
part or all of the optical path, there must 
be a separation either in space or in time 
between the two measurements; thus 
two beams of optical radiation must be 
used. One beam is used as a reference 
and the other as a sample measure-
ment. The ratio of the sample to the 
reference beams, respectively, provides 
the I/Io spectral measurement for use in  
absorbance = - log10 (I/Io) computations. 
Double-sided interferogram: An in-
terferogram has a “center-burst,” also 
referred to as the zero-path-difference 
(ZPD) location. When the path of the 
fixed mirror and the moving mirror 
are at identical distances within the 
interferometer, the interferogram is 
at maximum interference. The center-
burst may be placed anywhere along 
the recorded data for the interferogram. 
When it is placed in the center of the 
interferogram it is termed a double-
sided interferogram (also known as an  
asymmetric interferogram).
Drying samples by solvent removal: 
If a sample dissolved in a solvent is too 
dilute for direct measurements, the sol-
vent is evaporated prior to casting a thin 
film onto a transmission window for IR 
measurement. If the solvent is an organic 
compound, the solvent is evaporated by 
heating either on a steam bath or in a 
rotary film evaporator—then the film is 
cast onto the transmission window and 
further dried, and the final traces of vola-
tile solvent are removed by placing the 
window into a vacuum oven or using a hot 
plate set on low heat. A special case of 
drying is the removal of water from a wet 
sample—this is also removed by evapo-
ration. Powdered solids may be dried in 
a desiccator or in a vacuum oven. 
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E
Eigenvector: A nonzero vector (set of 
numbers) used for the dot product solu-
tion in a matrix multiplication. For exam-
ple, principal components are eigenvec-
tors, as is a regression vector. 
Electromagnetic spectrum: The contin-
uum of frequencies that contains electro-
magnetic radiation. Instruments measure 
the intensity of radiation within a defined 
range of the spectrum, and usually pres-
ent the results of their measurements as 
a set of values of some function or the 
measured intensity at (usually) evenly 
spaced intervals within the range. The 
energy throughout the electromagnetic 
spectrum ranges from gamma radiation 
(most energetic and highest frequency) to 
radio waves (least energetic and lowest 
frequency). The spectrum is expressed in 
terms of wavelength, wavenumber, fre-
quency, or energy. The electromagnetic 
spectrum consists of radiation (energy), 
such as: gamma, x-ray, ultraviolet (UV), 
visible (Vis), infrared (IR), microwave, and 
radio waves. Each type of radiation oc-
cupies its own region of the electromag-
netic spectrum, and the major difference 
between the individual spectral regions is 
merely the energy involved. This energy is 
expressed in units of photon energy (eV), 
frequency (Hz), wavenumber (cm-1), or 
wavelength (nm)) and the manner in which 
these energies interact with matter. See 
also Unit conversions for photon energy.
Etendue: The etendue is the relative 
throughput advantage for an optical sys-
tem. It is calculated as the product of the 
potential illuminated surface area times 
the solid angle of the optical system. It is 
an indicator of the relative efficiency of an 
optical system. 
Extinction coefficient (ɛ): A physics term 
sometimes substituted for absorptivity. 
This term mathematically defines how 

strongly a substance absorbs light at a 
particular frequency, per unit of concen-
tration (moles of material per unit volume).

F
Far-infrared (far-IR): The spectral region 
representing molecular vibration from 
400 cm-1 to 10 cm-1, or 2.5 x 104 nm to 
106 nm. Note: the terahertz (THz) or sub-
millimeter radiation region is generally 
defined as the 100 to 10 cm-1 region, cor-
responding to 100,000 to 1,000,000 nm, 
or 0.1 to 1 mm). 
Fermi resonance: In its simplest defini-
tion, for IR and Raman spectroscopy it is 
a fundamental vibration coupled with an 
overtone (harmonic) band or combina-
tion band at the same frequency to cre-
ate two strong bands where only the fun-
damental band is anticipated. These two 
strong bands occur at both higher and 
lower frequencies than the fundamental 
band. Only certain combinations are al-
lowed and are, for example, observed in 
carbonyl (C=O)-containing compounds. 
Fermi resonance causes the splitting 
of two vibrational bands having nearly 
identical symmetry and energy, such as 
the fundamental band with overtone 
or combination bands. This resonance 
causes a change in wavelength (or fre-
quency) and amplitude (or intensity) of the 
resulting spectral bands. The result is that 
strong and weak bands combine into two  
strong bands.
Field: In database management, a sec-
tion of a record in a file that contains the 
same type of information as the corre-
sponding section in other records in the 
same file. The term also refers to a variety 
of fields in physics or chemistry such as 
electronic, magnetic, and gravitational—
or physical, organic, inorganic, or analyti-
cal, respectively. According to Merriam-
Webster’s definition a “field” is “a region 
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or space in which a given effect (such as 
magnetism) exists.”
Film measurements: Self-supporting 
films can be analyzed directly by trans-
mission, assuming that the film is not too 
thick (<10–100 µm), and depending on 
the material’s physical strength and that 
the material naturally transmits IR radia-
tion. Thin films on reflective surfaces are 
often measured using infrared reflection 
absorption spectroscopy (IRRAS).
Film thickness: Film thickness is mea-
sured using IR directly from ambient 
air onto a single film surface and where 
the underlying substrate reflects some 
of that light back into the spectrometer 
detection system. When measuring film 
thickness, the measurement spectrum 
demonstrates an interference pattern 
consisting of a continuous wave function 
whose wave period is dependent upon 
the frequency of the infrared radiation 
striking the film surface. For these condi-
tions the thickness of the film (τ) in centi-
meters is given by 

τ = 
N

2(v2 - v1)
[7]

where N is the total number of complete 
waves (peak-to-peak) for the interference 
pattern over the wavenumber region 
measured. Note: One complete wave is 
measured from minima to minima or from 
maxima to maxima. The symbol v1 repre-
sents the lowest frequency (wavenumbers) 
over which the number of complete waves 
is measured; and v2 represents the highest 
frequency (wavenumbers) over which the 
number of complete waves is measured. 
Filter: A device used to attenuate par-
ticular wavelengths or frequencies while 
passing others with relatively little change. 
There is electronic filtering (digital signal 
processing [DSP]), and physical optical 
filters. Optical filters include interference 

filters with narrow or broadpass band-
widths as well as filters that pass high-
range wavelengths (high pass) or pass 
low-range wavelengths (low pass). There 
are also special filters, such as linear vari-
able filters (LVFs), which pass specific 
bandwidths of energy simultaneously. 
Another optical filter type is multivariate 
optical element (MOE) regression filters, 
which are special filters that resemble 
the regression b vector (amplitude over a 
wavelength region) resulting from a mul-
tivariate calibration and thus produce a 
final prediction of a constituent from an 
optical signal. 
Filter spectrophotometer: A spectro-
photometer that uses filters to isolate 
narrow bands of the spectrum, rather 
than an interferometer or grating-based 
optical system.
Filter transform: A mathematical op-
eration that converts data collected with 
a monochromator-based instrument 
to mimic the corresponding data that 
would have been collected from an in-
strument containing interference filters, 
taking into account the differences in 
characteristics between the two types 
of devices. It is also a term used for filter-
ing out electronic noise using firmware or  
software algorithms.
Fingerprint region: The infrared spectral 
region from 1500 cm-1 to 500 cm-1 often 
attributed to bands including the bend-
ing molecular vibrations. The bands in this 
spectral region represent the C-C, C-N, 
C-O, and C-X stretching vibrations, as well 
as the C-H and C-S scissoring, bending, 
and rocking vibrations. The term "finger-
print" arises from the typically unique in-
frared spectrum for most compounds in 
this region.
First-order data: Consists of ampli-
tude or intensity measurements at  
multiple frequencies.
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Fixed filter: A spectrophotometer char-
acteristic where narrow-band interference 
filters are mounted on a rotating turret. 
The turret is rotated so as to align the dif-
ferent filters between the incident radia-
tion and the sample. Thus, this instrument 
design produces a different wavelength 
light of incidence on the sample for each 
change in rotation of the turret. 
Fluorescence: Photons with excitation 
energies will excite fluorescence in a 
lower energy region. Fluorescence is an 
electronic transition from a ground state 
to the excited state with the emission of 
a photon to return to the ground state. 
After the molecule is excited, it relaxes 
(Stokes shift) to the ground state while 
emitting a photon within a femtosecond 
(10−15 s) to picosecond (10−12 s) timeframe. 
The Stokes shift indicates a lower en-
ergy of the fluorescence photons than 
the energy of the excitation photons.  
The fluorescence typically has a lifetime 
(or duration) of nanoseconds (10−9 s) per 
transition. A fluorescence spectropho-
tometer normally has an excitation beam 
that defines the excitation energy, and 
an emission detector that provides a full 
spectrum of the fluorescence emission. 
For infrared fluorescence, a visible light 
beam will create a fluorescence emission 
of infrared radiation.
Fourier transform: Performing a Fourier 
transform (FT) is the central process in 
changing an interferogram to a spectrum. 
However, to achieve a usable spectrum, a 
process called apodization must be com-
pleted prior to the FT. And another op-
eration called phase correction must be 
completed after the FT. (This three step 
process is sometimes call a complex Fou-
rier transform.) The result is a single beam 
spectrum. One single beam background 
(reference) spectrum is measured with 
air and a second spectrum is measured 

with the sample. Dividing the individual 
data points of the second single beam 
spectrum (sample) by the corresponding 
data points of first single beam spectrum 
(generally called a background spectrum) 
give the transmittance spectrum. The 
results are viewed as a plot of transmit-
tance versus wavenumber or converted 
to absorbance using Beer’s law transform. 
A Fourier series describes a periodic func-
tion as an infinite sum of sine and cosine 
terms whose frequencies are multiples of 
some fundamental vibration. The trans-
form allows the analysis of non-periodic 
functions as an integral (also a summation) 
over a continuous range of frequencies as 
shown in the following equation.

F(ω) = ∫+∞G(t)e-iωt dt
1

2� -∞ [8]

In spectroscopy, the function G(t) is the 
interferogram produced by the system, 
and F(w) is the single beam spectrum. 
The t in the term G(t) relates to time and 
frequency. The Fourier transform F(ω), a 
function of frequency, is related to G(t), a 
function of time, as is shown in the above 
equation. In FT–IR, t is really the posi-
tion of the moving mirror from the ZPD 
(center burst) position. An interferogram 
is Fourier transformed numerically using 
the Cooley-Tukey algorithm. There are 
many software programs in a variety of 
computer languages to accomplish this. 
In summary, to create a final infrared spec-
trum, the interferogram measurements 
with no sample present (background) and 
when sample is present (sample) are mea-
sured. The interferograms are converted 
to single beam spectra using the FFT, with 
apodization and phase correction. The 
single beam spectra are ratioed as sam-
ple divided by background to construct 
the transmittance spectrum. This may be 
expressed as percent transmittance (from 
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0 to 100%) or transmittance as (0.0 to 1.0). 
The transmittance spectrum is converted 
to absorbance using A = -log10T or A = 
log10(1/T) as the conversion from T to A. 
Fourier transform infrared (FT–IR): A 
means of measuring the electromag-
netic spectrum using an interferometer; 
the desired spectrum is then obtained 
by performing a Fourier transform on 
the resulting interferometric data. Other 
Fourier transform measurements include 
Fourier transform near infrared (FT–NIR) 
and Fourier transform ultraviolet (FT–UV). 
Fourth-order data: Consists of hyper-
spectral data cubes with the added time 
sequence dimension. Thus a fourth-order 
spectrum includes amplitude at multiple 
frequencies, along with X-axis and Y-axis 
spatial data, and these measurements 
taken at different time stamps. 
Frequency: Frequency as v (Greek: nu) 
is the frequency of light, also known as 
Hertz (Hz) or the number of vibrations per 
second, in units of s-1. It is defined by the 
following expression:

v = 
c · n-1

λ
[9]

Where v (nu) is the frequency of light, n 
is the refractive index of the medium 
the light is passing through (for example, 
the refractive index of air is 1.0003), λ 
(lambda) is the wavelength in units of cm, 
and c is the velocity of light in a vacuum  
(or 2.9979 × 1010 cm/s). 
Functional groups: See Infrared band 
positions and strengths.
Fundamental region: The lowest fre-
quency corresponding to a given mo-
lecular vibration. Fundamental group 
frequency vibrations for molecular bonds 
are within the infrared spectral region of 
4000–1500 cm-1. The bands in this spec-
tral region represent the asymmetric and 
symmetric stretching of C-H, O-H, N-H, 

Ar-H, >C=O, C=C, C=N, C≡N, C≡C, and 
other bonds. Note that overtones are 
derived from fundamental absorption 
frequencies as equal to integer multiples 
of 2 (first overtone), 3 (second overtone), 
4 (third overtone), and 5 (fourth overtone).

G
Gas cells (long pathlength): Long path-
length gas cells have pathlengths from 
1–20 meters and are used for the analysis 
of gases at very low analyte concentra-
tions, typically in the range of 0.001–1000 
µg/L (parts per billion, ppb). Such cells 
differ in design to the conventional short 
pathlength versions. The long path-
length is generated inside the cell by 
internal optics that provide a folded op-
tical path with multiple reflections of the 
infrared beam. Some cell designs use 
adjustable optics that may be tuned to  
different pathlengths. 
Gas cells (short pathlength): Short path-
length gas cells are typically single or dou-
ble pass and have the dimensions of 1–15 
cm pathlength. Generally the concentra-
tion of analyte measured is less than 100 
mg/L (parts per million, ppm). These cells 
are a special form of transmission cell. The 
difference in long and short pathlength 
cells is primarily in the construction of the 
body of the cell and its extended path-
length. In essence, a traditional gas cell 
(short pathlength) is a tube (with filling 
ports) with windows mounted and sealed 
at both ends. Like liquid cells, gas cells are 
available in demountable (removable win-
dows) and permanent formats (bonded 
windows). The materials use for construc-
tion are important, especially if samples 
containing corrosive gases or vapors are 
involved. The most inexpensive cells fea-
ture glass tubular bodies, and these are 
ideal for many low pressure sample types. 
For more rigid construction, cell bodies 
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made from stainless steel, Montel, and 
Hastelloy C are available. Most gas cells 
are heated to prevent condensation on 
the windows. The most common win-
dow materials are KBr (inexpensive, but 
susceptible to moisture) and ZnSe (mois-
ture insensitive but narrower in useful  
spectral range). 
Gas chromatography-infrared (GC-
IR, GC-FT-IR): This technique combines 
gas chromatography and infrared spec-
troscopy for the analysis of complex 
mixtures. The standard configuration is 
to transfer eluted components through 
heated transfer lines into a heated long 
pathlength light pipe. The light pipe is be-
tween 10–20 cm long with a diameter of 
1–2 mm and is internally coated with gold. 
As the components are eluted through 
the GC column, multiple IR spectra are 
measured. Things to remember and 
document are the type of column used 
for the separation, the temperatures used 
throughout (injector block, column, and 
light pipe cell), the number of spectra to 
co-add for each separated GC peak, and 
the solvent used for injection. Alternately, 
the eluent can be condensed onto a ZnSe 
crystal which then can be read out by 
scanning over the crystal.
Globar: See Infrared sources.
Graphical user interface (GUI): A term 
invented by Xerox in Palo Alto in the early 
1970s that refers to a software interface 
between the user and the operational 
software code. Today it may involve 
touch-screen icons and graphics that are 
easy to activate and understand or even 
voice or mental control of a graphical sys-
tem interface. 
Grazing angle infrared reflectance: A 
measurement configuration where light 
from the spectrometer strikes the sample 
at a high angle of incidence for measur-
ing the coating or surface characteristics 

of a sample. This measurement technique 
has a sample penetration of typically less 
than 1 µm. This technique can be used to 
measure very thin surface characteristics 
of reflective samples. The technique is 
qualitative and is not particularly repro-
ducible and thus not useful for quantita-
tive analysis. When polarized light is used 
for the measurements it can yield infor-
mation on the chemistry of coating sur-
faces and interfaces for thin films, metal 
surfaces, and optical components. 
Group frequencies: Typical absorption 
functional group bands located in the 
4000 to 1500 cm-1 (or 1450 cm-1) spectral 
region, generally associated with stretch-
ing vibrations of molecules, such as C-H, 
O-H, N-H, Ar-H, C=C, C=O, C-O, C≡C, 
C≡N, or overtones of N-H bending.

H
Harmonic bands: A synonym for over-
tone. These bands represent multiple 
harmonics of the fundamental vibrations 
for molecular bonds and are found at in-
tegral multiples of the fundamental band 
frequencies. For example, a first overtone 
band occurs at twice the frequency of the 
fundamental band, and the second over-
tone at three times the frequency of the 
fundamental band. Harmonic bands in 
the infrared and Raman regions are found 
as multiples of the fundamental frequency 
according to the harmonic oscillator ap-
proximation, with a proportionally higher 
shift in frequency and reduced amplitude 
in the spectrum with an increase in the 
harmonic number. As an example, within 
the near-infrared region these harmonics 
are known as the first overtone (2v), sec-
ond overtone (3v), third overtone (4v), and 
fourth overtone (5v).
Highpass filter: As an optical filter, this is 
a dielectric composite filter that enables 
energy above a certain cut-on wavelength 
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or frequency to pass at nearly 100% 
transmission, whereas energy at wave-
lengths or frequencies below the cut-on 
wavelength will not pass or is nearly 0% 
transmissive. The specifications are given 
with an expected tolerance and a trans-
mission spectrum of the filter is generally 
supplied. This is not to be confused with 
an electronic filter that passes signals 
with a frequency higher than a certain  
cutoff frequency.
Hotband: A hotband results when an 
already excited vibrational band is fur-
ther excited, often related to a change in 
temperature; the intensity of a hotband 
is proportional to the temperature. At 
room temperature the ground state of a 
molecular vibration is the most common 
hotband as defined using the Boltzmann 
distribution. The Maxwell-Boltzmann 
distribution law further states that the 
distribution of these hotband transition 
bands is dependent upon the Boltzmann 
constant and the sample temperature in 
degrees kelvin. Because of anharmonic-
ity, hot bands always appear as shoulders 
or bumps on the low frequency side of a 
vibrational band.
Hydrogen bonding: Hydrogen bonding 
within a molecule and between a solvent 
and a solvated molecule manifests as 
changes in the force constants of the X-H 
bonds. Generally, molecular bands will 
shift to lower in frequency and broaden 
as a result of the formation of increased 
hydrogen bonding. Since combination 
bands result as the summation of two or 
more fundamental vibrations, and over-
tones occur as the result of the multiples 
of fundamental vibrations, frequency 
shifts related to hydrogen bonding have 
a greater relative effect on combination 
and overtone bands than on their corre-
sponding fundamental bands. The reason 
for this greater effect is that harmonics 

have weaker bond energies relative to 
the hydrogen bonding and have greater 
anharmonicity. This feature of vibrational 
spectra alerts one to the importance of 
the relative hydrogen bonding effects 
brought about by solvent and tempera-
ture variations.
Hyperspectral imaging: The collection 
of multiple spectra into a three- or four-
dimensional data hypercube consisting 
of wavenumber (wavelength), amplitude, 
and X- and Y- spatial dimension scan-
ning (as the third dimension), and time 
sequence (as the fourth dimension). For 
example, a moving sample may be mea-
sured by having a fixed linear array sen-
sor with the third dimension being the 
sample measured over a specific spatial 
area. In this case, the data cube is con-
structed by moving the sensor over a sta-
tionary surface to gather a set of spectra 
for each line area of the surface. Array 
detection is often involved in generating 
hyperspectral images; either by means of 
linear arrays or by using rectangular arrays. 
For clarification, see also Third-order data 
or Fourth-order data terms.

I
Individual wavenumber step-scan 
measurements: A technique using ab-
sorbance measurements at individual se-
lected wavenumbers. Using this method 
allows polymer rheological studies. The 
method shows the structural changes that 
occur in materials when stress (stretching) 
is applied to the sample. See also Step-
scan time-resolved measurements.
Infrared absorption band: A bond vi-
bration within a molecule that is infrared 
active or capable of absorbing infrared 
radiation. When the radiation striking 
an infrared-active molecule matches 
the natural vibrational frequency of the 
various bonds within the molecule, the 
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radiation is absorbed. When absorption 
takes place at a specified frequency, an 
absorption band at that frequency is ob-
served. For an infrared-active molecule, 
the dipole must change as the frequency 
of the infrared radiation changes for it to 
absorb infrared energy or scatter Raman 
energy. Dominant infrared absorption 
bands include the C-H (methyl, methy-
lene, aromatic, methoxy, and carbonyl) 
fundamental stretching and bending 
molecular vibrations, the O-H (hydroxyl) 
stretch fundamental vibrations, the N-H 
(amine) stretching, the C-F (fluorocarbon) 
stretching, the -C≡N (nitrile) stretching, 
the -C=O (carbonyl) stretch from esters, 
acetates, and amides, the C-Cl stretch 
from chlorinated hydrocarbons, and -NO2 
from nitro- containing compounds.
Infrared band positions and strengths: 
The band positions and strengths for the 
major infrared functional groups are given 
in Table I.
Infrared cross-peak: An infrared cross-
peak appears in a coherent 2D IR spec-
trum as a result of through-air or through-
bond coupling between molecular 
vibrations, as a result of energy transfer 
between vibrations, or as the result of a 
chemical reaction. Infrared cross-peaks 
can therefore provide detailed informa-
tion on the structure and dynamics of 
molecular systems.
Infrared detectors: The specific infra-
red detector type, molecular formula or 
acronym for the detector elements, and 
typical useful spectral ranges are given in 
alphabetical order (See Table II). 
Infrared microscope: Infrared micro-
scopes have become extremely popular 
for the measurement of small samples 
and for detailed surface measurements 
and bulk composition imaging applica-
tions. When using IR microscopes, it is 
important to use matching apertures for 

sample and background scans and to 
document aperture size and settings used 
for each data collection experiment. Also, 
most commercial microscopes may be 
used in transmission, ATR, and reflection 
modes and with or without infrared or vis-
ible polarizers. Modern microscopes are 
generally equipped with computer video 
graphics, computer controlled sampling 
stages, and imaging and analysis software.
Infrared sources: IR sources are gen-
erally a Globar, and lesser used are a 
Nernst glower, or a carbon arc. The most 
common source for laboratory infrared 
spectrophotometers is the Globar, which 
is a silicon carbide (SiC) cylinder or rod 
generally from 5–10 mm wide by 20–50 
mm in length. The cylinder is heated 
electrically (by resistance heating) up to  
1650 °C (3002 °F) and emits infrared radia-
tion from 1–50 µm or more. This is equiv-
alent to 1000–50,000 nm or 10,000–200 
cm-1. When an interference filter is used 
in combination with the Globar the us-
able spectral range is more limited to 
4000–400 cm-1. The Nernst glower, first 
described in the literature in 1902, is 
an earlier and more complex infrared 
source that has been largely replaced 
by the Globar. The Nernst glower (lamp) 
consists of a filament of rare-earth oxides 
acting as black-body radiator. Heating 
the filament by continuous ohmic heat-
ing results in conduction, allowing the 
glower to act as a continuous source of 
near infrared and infrared radiation that 
emits radiation in the 2–20 µm or 2000–
20,000 nm (5000–500 cm-1) spectral 
range. The carbon (C) arc consists of an 
arc (plasma) between carbon electrodes 
in air. The new term and use of this lamp 
design is as gas-discharge lamps. Such 
specialty lamps may be made that emit 
radiation from the deep ultraviolet into 
the infrared spectral regions. These are 
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no longer used for laboratory infrared 
spectrophotometers. Sunshine carbon 
arc lamps are sometimes used to simulate 
sunlight for laboratory simulated sunlight  
exposure experiments. 

Infrared spectroscopy: Infrared refers 
to that portion of the electromagnetic 
spectrum containing radiation with 
wavelengths longer than those visible 
to the human eye, and extending to ap-

TABLE I: Infrared band positions and strengths

Functional Group Band Location (cm-1) Band Strength Band Definition

O-H (H-bonded) 3350–3600 s, b H bonded O-H

N-H stretching 3350 m Asymmetric 
stretching

N-H stretching 3180 m Symmetric 
stretching

N-H bending 3100 m Bending

N-H scissoring 
and bending 1550–1630 m Amide II band

C-H 2800–3050 s Full range of 
C-H stretching

Aromatic-H 3030 s, sh Aromatic C-H 
stretching

CH3 stretching 2962 s Asymmetric 
Stretching

CH2 stretching 2926 s Asymmetric 
Stretching

CH3 stretching 2872 s Symmetric 
Stretching

CH2 stretching 2853 s Symmetric 
Stretching

CH2 scissoring 1460 m Symmetric

CH3 bending 1455 m Asymmetric 
Stretching

CH3 bending 1375 s Symmetric 
Stretching

CH2 rocking 725 s Symmetric 
Stretching

C=O stretching 1715 s, sh Carbonyl

C=O stretching 1630–1690 s, sh Amide I band

C-O stretching 1100 s Ethers and 
alcohols

C=C stretching 1650
w, for alkenes 

m-s, for 
aromatics

Alkenes

C≡C stretching 2150 w, sh Alkynes

C≡N stretching 2250 m, sh Nitriles

Note: The following abbreviations are used for band strengths: w (weak), m (medium), m-s (me-
dium-strong), s (strong), v (variable), sh (sharp band), b (broad band).
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proximately 30 µm. A broad definition of 
the infrared region is subdivided into the 
near infrared (0.75–2.5 µm), mid infrared 
(2.5–30 µm) and far infrared (15–1000 µm), 
and terahertz or 10 µm to 1 mm (10–1000 
µm). Mid-infrared spectroscopy provides 
a measurement technique for intense, 
isolated and reliable absorption bands of 
fundamental molecular vibrations from 
polymers and other organic compounds. 
The spectrometric methodology allows 
for univariate calibration with higher 
signal strength (absorptivity) required 
for solid, liquids or gas phase measure-
ments. Relatively small pathlengths of 
0.1 to 1.0 mm are required for measure-
ments of hydrocarbon liquids and solids. 
The technique is generally incompatible 
with the use of fiber optics, but may be 
adapted to fiber optic measurements 
using specialized fiber materials, such as 
chalcogenide glass. Infrared instrumen-
tation is generally higher cost than near-
infrared spectrophotometers. Dominant 
mid-infrared spectral features include 

the C-H (methyl, methylene, aromatic, 
methoxy, and carbonyl) fundamental 
stretching and bending molecular vibra-
tions, O-H (hydroxyl) stretch fundamen-
tal vibrations; N-H (amine) stretching, C-F 
(fluorocarbon) stretching, -C=N (nitrile) 
stretching, -C=O (carbonyl) stretch from 
esters, acetates, and amides; C-Cl stretch 
from chlorinated hydrocarbons, and -NO2 
from nitro- containing compounds. The 
primary use of IR spectroscopy is for quali-
tative identification of samples.
Infrared windows: See Window.
IRRAS (infrared reflection absorption 
spectroscopy): A technique used for 
studying adsorbed or thin layers of ma-
terials on metal, glass, or silicon surfaces. 
Integrating sphere: A hollow sphere, 
coated with a diffuse reflecting material 
and provided with openings for incident 
beam, specimen measurement, and de-
tector. It is primarily used for measuring 
the most accurate diffuse reflectance  
(reflection) or transmittance (transmission) 
of objects. In most versions, the sample 

TABLE II: Specific infrared detector, molecular formula or acronym, and typical 
useful spectral ranges (alphabetical order)

Detector Name Molecular Formula Spectral 
Range (nm)

Spectral 
Range (cm-1)

Deuterated 
triglycine 
sulphate (DTGS)

((ND2CD2COOD)3·D2SO4
1550–

50,000 6450–200

Indium antimonide InSb 500–6,000 20,000–1667

Indium arsenide InAs 1000–3800 10,000–2632

Lead selenide PbSe 1000–4800 10,000–2083

Lead(II) sulfide PbS 600–2700 16,667–3704

Lithium tantalate LiTaO3
2000–
20,000 5000–500

Lithium tanta-
lite (extended) LiTaO3 600–50,000 16,667–200

Mercury cadmium 
telluride (MCT) HgCdTe 1000–

24,000 10,000–417

Quantum well infra-
red photodetectors Abbr. (QWIPs) 3,000–

20,000 3,333–500
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is measured outside of the sphere at the 
sample port.
Interference filter: A filter that controls 
the spectral composition of radiant en-
ergy passing through it by the physical 
effects of interference. Frequently these 
filters are made up of thin layers of metals 
and dielectrics, and provide narrow band-
pass and high transmittances of energy 
for selection or removal of specific energy 
bands in an energy beam.
Interferogram: A wave pattern created 
using an interferometer where waves are 
superimposed and later interpreted to 
compute a pattern of amplitude versus 
frequency for a measurement of light 
interaction with materials. This inter-
ferogram pattern of the ratioed sample 
measurement divided by reference mea-
surement is interpreted using a Fourier 
transform to compute a Fourier transform 
infrared (FT-IR) spectrum.
Internal reflection (reflectance): See At-
tenuated total reflection (reflectance) (ATR). 
Internal reflection element (IRE): 
This is a term used for the optical ele-
ment used for attenuated total reflec-
tion (reflectance) (ATR) measurements.  
See Attenuated total reflection  
(reflectance) (ATR). 
Interpolation: A method used to pro-
vide a specified number of data points 
for a spectrum. Generally a cubic spline 
interpolation method is used to change 
the number of data points for sparse 
data to a greater fixed data resolution. 
For example, a spectrum of 500 data 
points may be adjusted to 1000 data 
points by interpolation. Note that the 
interpolation may provide fixed data 
intervals but the missing data points 
cannot be precisely reconstructed, and 
peak positions may be quite differ-
ent for sparse interpolated data ver-
sus the denser higher resolution data.  

This is generally used for data process-
ing such that data points from different 
spectra are identical in number and  
wavenumber location. 
Interval: The difference in wavenumber 
(or wavelength) between two adjacent 
data points over which optical data  
are collected.. 
Isotope shift: The change or displace-
ment in position of vibrational bands 
resulting from the different masses of 
isotope-substituted atoms in a molecule. 
A commonly used example is to compare 
the spectra of hydrogen (H) and deute-
rium (D) within a molecule. The isotope 
shift is directly related to the isotope mass 
number differences between the atoms 
involved. Note that heavier mass isotopes 
will cause associated vibrational bands to 
red-shift to lower energy.
Isotropic: A reflection property for which 
the reflected energy is considered equiva-
lent for all positive angles of reflection. 

J
J-Stop: A typically adjustable aperture 
(circular hole of different diameters) 
placed in the infrared beam (between the 
source and the interferometer) to limit the 
beam divergence so that the beam pass-
ing through the interferometer is consis-
tent with the selected spectral resolution.

K
KBr disks: See Compressed pellet  
sampling.
KCl disks: See Compressed pellet  
sampling.
Kinetic measurements: A technique 
using single-channel and rapid scanning 
for kinetics measurements. Scanning rates 
of 75 to 100 spectra per second at reason-
able resolution (4 or 8 cm-1) can provide 
appropriate information for kinetic rates 
of a chemical reaction.
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Kramers-Kronig transformation:  
A mathematical transform to adjust infra-
red absorbance spectra from reflectance 
(reflection) into absorbance spectra gen-
erated using transmission spectroscopy. 
This transformation is required for quanti-
tative or qualitative comparison of reflec-
tion and transmission spectra. In general, 
the Taylor series or Maclaurin series is 
used to compute the Kramers-Kronig 
transformation.
Kubelka-Munk function: A series of 
mathematical expressions derived to 
relate absorbance and scattering prop-
erties of a reflecting medium to the 
concentration of an absorbing mate-
rial in that medium. The original work 
was begun by A. Schuster in 1905 in the  
Astrophysical Journal. 

L
Laser: An abbreviation for light amplifi-
cation by stimulated emission of radia-
tion. Lasers are used in a variety of ways 
for molecular spectroscopy, including 
helium:neon and diode lasers for align-
ment of Michelson-type interferometers. 
(Note, the laser acts as a reference fre-
quency for the Fourier transformation.) 
Lasers are also used to generate the 
Raman effect on a sample. Quantum 
cascade lasers (QCLs) are semiconduc-
tor lasers used as sources for a variety of 
infrared sensors. 
Learning set: See Teaching set.
Least squares fit: A descriptive name 
for regression analysis. A mathematical 
technique used for choosing the coeffi-
cients of a linear equation—that is, one of  
the form: 

Y’ = B0 + B1X1 + ... + BnXn [10]

where Y' is the dependent or estimated 
variable (that is, analyte or parameter con-
centration for a sample spectrum), B0 is the 

intercept, the Bn variables are the regres-
sion coefficients, and the Xn variables are 
the independent variables (that is, absor-
bance spectral data). For computing this 
equation, the sum of the squares of the 
differences between the analyte reference 
values (Y) and the estimated values (Y') 
into the resulting equation is minimized.
Limit of detection: Lowest amount of 
analyte that may be observed or detected 
with confidence above the noise the level 
of the instrument; it is generally estimated 
to be three times the root mean square 
(RMS) noise level above the zero signal for 
specific measurement conditions.
Linear: Straight line. In context, a linear 
relationship between the analyte con-
centration, and the signal intensity. This 
relationship allows the most accurate 
prediction of unknown analyte composi-
tion from spectral measurements. Beer’s 
law is generally used to linearize the IR 
absorbance signal from a sample to the  
analyte concentration.
Linearity: An experiment demonstrat-
ing that the response of an instrument 
changes in a predictable and linear fash-
ion with increasing analyte concentration. 
Linearity can also refer to the linearity of 
detector response to changing photon 
flux. (Note that MCT is generally poor, 
while DTGS is better.)
Linear variable filter (LVF): A dichroic 
filter that produces a full spectrum when 
light is directed orthogonally to the filter 
without physically tilting the filter. It is 
used in combination with an array de-
tector to capture a full spectrum rapidly, 
without requiring the movement of any  
spectrometer components. 
Log10(1/R): An analogy to Beer’s law, 
this function of measured reflectance is 
often used to relate sample reflectance 
to analyte (constituent) composition of a 
substance. It is analogous to the log(1/T) 
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for transmittance measurements; these 
two relationships are equivalent to –log10 
R and –log10T, respectively. 
Lowpass filter: A dielectric composite 
filter that enables energy below a certain 
cutoff wavelength or frequency to pass 
at nearly 100% transmission; energy from 
wavelengths or frequencies above the 
cutoff wavelength will not pass where the 
filter is nearly 0% transmissive. 

M 
Mathematical pretreatments (prepro-
cessing): Mathematical procedures used 
to relate spectral data to concentration in 
an attempt to produce results deemed 

“improved.” These treatments empiri-
cally are used before multivariate variable 
selection, equation-solving algorithms, 
or spectral searches. Kubelka-Munk,  
Absorbance as log(1/transmission) or 
log(1/reflection), baseline subtraction, 
derivative processing, detrending, mean 
centering, multiplicative signal correction, 
normalization, standard normal variate, 
successive projections algorithm (SPA), 
ATR correction, and wavelets are the most 
common pretreatments in use.
Matrix: In matrix mathematics, it is any 
rectangular array of numbers. By pre-
defining certain types of mathematical 
operations such as matrix operations, 
complicated algebraic manipulations 
can be expressed in a simple notation 
form of rows and columns. In a different 
meaning, this is a term used to denote a 
sample mixture or the physical complex-
ity or nature of a sample.
Mean: The algebraic average ( x ) of a set 
of numbers. The sum of: Xi for I = 1 to n, 
divided by n.

X = 
∑ Xi 

n
i=1

n

[11]

Mean centering: For a set of two or 
more spectra, the mean spectrum of 
the set is subtracted from each spec-
trum leaving an improved signal-to-
noise residual spectrum for each spec-
trum, which is used for further data 
processing or calibration. See also Mean  
subtracted spectrum.
Mean corrected standard error of pre-
diction (SEP): A measure of the accuracy 
of a set of instrumental analyses after cor-
recting for bias between the set of instru-
ment predictions and the corresponding 
set of reference analyte laboratory results. 
This measurement involves a set of sam-
ples with known reference data but that 
were not included within the calibration 
teaching set. The mean corrected SEP 
may be calculated as the standard de-
viation of the differences between the in-
strument predicted results and expected 
reference laboratory results. 
Mean drift: The average systematic (uni-
directional) change over time of an instru-
ment measurement of a primary standard 
(or known) reference material.
Mean subtracted spectrum: For a set 
of two or more spectra, the mean spec-
trum of the set is subtracted from each 
spectrum leaving a residual spectrum for 
each spectrum. This process centers the 
data or spectra—that is, it gives a residual 
spectrum relative to the average spec-
trum. Thus, those spectra most different 
from the mean spectrum will stand out as 
having the largest residual spectra with 
the most different features. The comput-
ing process for this uses vector operations. 
Micrometer: A unit of length in the 
metric system equal to 10-6 meter, ab-
breviated µm. The term is used in place 
of “micron.” Wavelength is most often 
expressed as in units of nanometers (10-9 

m) for ultraviolet through near-infrared 
spectroscopy. The use of angstrom 
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(Å, 10-10 m) is uncommon in modern  
spectroscopic terminology. 
Microtransmission (microtransmit-
tance) cell or pellets: This microac-
cessory consists of a pair of micro-
transmission windows and is used 
when only a small sample is available. 
Microversions of compressed halide 
pellets (down to 0.5 mm in diameter), 
transmission cells, and reflectance ac-
cessories may be used. Dependent 
on the method and the sample type, 
the sampling size can be reduced to 
a few micrograms or even a few hun-
dred nanograms for solids, and ap-
proximately 1 mg (10-3 mL) for liquids. 
Since the typical beam diameter of 
laboratory infrared spectrophotom-
eters is typically 5 to 10 mm, a beam 
condenser accessory is useful to focus 
the beam through the microcell. When 
available, an IR microscope is ideal for 
measuring microsamples.
Molecular vibration: Molecules do 
not remain still; the atoms composing 
a molecule are in continuous motion 
with respect to one another. These 
movements can be classified into dis-
tinct categories, and the net molecular 
motion can be shown to be the sum of 
the separate vibrational modes. These 
vibrations are approximated by the 
resonant frequencies of a macroscopic 
mass-and-spring model for each mol-
ecule, atom, and bond type, approxi-
mating Hooke's law. 
Monochromator: The term means sin-
gle color (or one wavelength). An instru-
ment used to provide an incident light 
beam within a narrow wavelength range.  
A monochromator becomes a spec-
trophotometer when it is combined 
with a light source, entrance and exit 
slits, one or more gratings, detectors, 
an amplifier, and an output energy 

measuring device. Monochromators 
may have more than one grating or a 
grating and a prism. Most early, pre-
interferometer infrared spectropho-
tometers were based on a grating  
monochromator design. 
Mull: See Oil-based mulls.
Multifile: A single file that incor-
porates multiple spectra used with 
some software packages, such as 
Grams and eFTIR. This type of file 
is convenient for preprocessing and  
spectral comparisons.
Multivariate mathematics: The branch 
of mathematics that deals with data 
that vary or change in multidimen-
sional ways (that is, multiple variables 
or response factors) with respect to a 
single dependent variable (reference 
analyte value). Multivariate methods 
include regression (multiple linear 
regression [MLR], principal compo-
nents regression [PCR], and partial 
least squares regression [PLSR]), vari-
ance analysis (VA), factor analysis (FA), 
component analysis, cluster analysis, 
neural networks analysis (NNA), sup-
port vector machines (SVM), classi-
fication methods, and discriminant  
analysis techniques.

N
Nanometer: Unit of measurement for 
wavelength, abbreviated as nm; one-
billionth of a meter (10-9 m).
Near-infrared (NIR) spectral features: 
NIR spectral features include the methyl 
C-H stretching vibrations, methylene 
C-H stretching vibrations, aromatic C-H 
stretching vibrations, O-H stretching vi-
brations, methoxy C-H stretching, and 
carbonyl-associated C-H stretching. 
In addition, N-H from primary amides, 
secondary amides (both alkyl, and aryl 
group associations), N-H from primary, 
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secondary, and tertiary amines, and 
N-H from amine salts predominate 
near-infrared spectral features of poly-
mers, natural products, and synthetic 
organic compounds.
Near-infrared relative band intensi-
ties: Relative intensities of C-H stretch 
bands for infrared and the various NIR 
overtone regions are shown in Table III. 
Near-infrared spectroscopy: The NIR 
portion of the infrared electromag-
netic spectrum; comprises those wave-
lengths between the visible and mid-
IR regions equivalent to 0.75 to 2.5 µm 
(750 nm–2500 nm). NIR spectra consist 
of overtones and combination bands of 
the fundamental molecular absorptions 
found in the mid-infrared region. More-
complete harmonic and combination 
band information is actually found over 
an extended spectral range from ap-
proximately 680 nm to 2600 nm. 
Noise: Generally considered the ran-
dom component of a set of measure-
ment data, caused by the uncontrol-
lable phenomena that affect all parts 
of the experimental setup. Random 
(or white) noise is reduced by a factor 
equal to the square root of r, where r 
is the number of repetitive measure-
ments. There are also lower frequency 
systematic noise effects that may 

be encountered over longer dura-
tion (lower frequency) experiments.  
See also Signal-to-noise ratio (S/N).
Normalization: This term has at least 
two distinct meanings in spectroscopic 
methodology. The first meaning refers 
to division of each point in a spectrum 
by a correction factor such that each 
spectrum is given the same weight 
when used for calibration. In this first 
definition, normalization refers to di-
vision of each data point in the spec-
trum by a correction factor (for example, 
pathlength, area, standard deviation, 
reference band, or multiplicative sig-
nal correction). The second meaning 
refers to the use of spectra for dis-
criminant analysis, and is the method 
used to make the multidimensional 
size of the data from each sample type  
the same.

O
Oil-based mulls: Oil-based mulls: In 
the oil mull technique, the sample is 
ground, as previously described, to a 
sub-micrometer (<0.1 µm) particle size. 
A few drops of mulling agent, which 
is a medium viscosity mineral oil, are 
added to the sample and the sample 
is reground and thoroughly mixed to 
produce a paste with a consistency of 

TABLE III: Near-infrared relative band intensities:  relative intensities of C-H stretch 
bands for infrared and the various NIR overtone regions

Band Type Symbol Wavelength Region Relative Intensity

IR Fundamental (ν) 3380–3510 nm 100

First overtone (2ν) 1690–1755 nm 1

Second overtone (3ν) 1127–1170 nm 0.1

Third overtone (4ν) 845–878 nm 0.01

Fourth overtone (5ν) 690–780 nm 0.005
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petroleum jelly (Vaseline). This resul-
tant paste is applied to a KBr window 
as a smear on a single window or as 
a capillary film between two com-
pressed windows. The normal mulling 
agent is a hydrocarbon white oil (light 
paraffin or medicinal white oil), also 
known by the trade name of Nujol. 
Another common mulling agent is 
Fluorolube, a perfluorinated hydro-
carbon oil. For measured spectra, the 
oil spectrum is subtracted from the 
sample plus oil spectrum for a final 
sample spectrum result. 
Online: A term used to describe instru-
mentation that chemically quantifies or 
qualifies materials in real time (as mate-
rials are produced). The measurements 
may be made by having a sensing head 
on an actual production line using ei-
ther contact or remote sensing. Other 
terms used for real time analysis include 
atline, and inline. Offline analysis gener-
ally refers to grabbing a sample at the 
manufacturing line and taking the sam-
ple to a laboratory station for analysis. 
All of these terms are relevant to mea-
surements made for process analytical 
technology (PAT).
Order-sorting filter: A diffraction grat-
ing creates multiple orders of spectra 
as light is diffracted from its surface. 
As more than one spectrum is created 
when this occurs, those spectra beyond 
the first order (that is, second order 
and higher) overlap with one another. 
Order-sorting filters remove the wave-
lengths above and below the desired 
measurement wavelength. They are also 
termed high-pass and low-pass filters 
as the designation for which wavelength 
region they are transparent to. The filter 
is placed in front of a broadband de-
tector, and only the wavelengths per-
mitted through the filter are measured.  

The other dispersion orders are elimi-
nated from detection. 
Ordinate: A term used to refer to the 
vertical (y-axis) of a graph.
Orthogonal signal correction (OSC): 
The purpose of OSC is to remove varia-
tion from the spectral data, X, that are 
orthogonal to the reference data, Y. 
This orthogonal variation is modeled 
by additional components for A, and 
results in the following decomposition:

X = t × p’ + to po’  + e [12]

Where to and po represent the scores 
and loadings for the orthogonal com-
ponent and e the residual. By remov-
ing the Y-orthogonal variation from 
the data via X - topo', OSC maximizes 
correlation and covariance between the 
X and Y scores to achieve both good 
prediction and interpretation. There are 
several OSC algorithms that have been 
reported in the literature. 
Outlier: A data point representing a 
sample that does not conform to the 
properties defining the rest of the 
samples in a dataset; it is essentially a 
sample that is different from the rest of 
the test population. There are statisti-
cal tests to examine suspected outliers, 
such as Dixon's Q test and spectral dis-
tance metrics.
Overtone: A term used to describe 
those absorbance bands found at mul-
tiples of the fundamental frequency. 
They are usually close to, but not pre-
cisely found at integer multiples of the 
fundamental frequency, due to quan-
tum mechanical reasons. Also see  
Harmonic bands.

P
PAS (photoacoustic spectroscopy): 
Photoacoustic spectroscopy is a phe-
nomenon caused when the absorption 
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of IR radiation heats a sample, generat-
ing an acoustic wave. This is detected 
using a microphone. The technique 
is used for depth profiling or measur-
ing spectra at different depths within 
a sample to study structural layering.  
It specifically uses a PAS sensor to mea-
sure an infrared spectrum. 
Passive detector: A sensor that de-
tects infrared energy when present. It 
consists of a front face and an internal 
pyroelectric thin film material that gen-
erates an electronic signal when ex-
posed to radiant energy or heat. Typical 
materials for passive detectors include 
cesium nitrate, cobalt phthalocyanine, 
gallium nitride, and polyvinyl fluoride.
Pathlength: The distance the light 
passes through the sample in its holder. 
In practical terms, the inside dimension 
of the cuvette or sample holder. The 
physical pathlength dimension may be 
determined by measuring an empty 
transmission cell and computing the 
pathlength using equation 7 (found 
above), along with the resulting inter-
ference pattern. Note that for trans-
flectance measurements, the optical 
pathlength is 2.5–3 times the physical 
pathlength due to two passes of the 
energy through the sample as well as 
the wider angle reflection energy that 
is captured by the detector. For liquid 
IR measurements, typical pathlengths 
used in IR transmission are from 5 to 
1000 µm (0.005 to 1.0 mm). For IR gas 
cells, the physical pathlength can range 
from 2 to 200 meters. For such gas mea-
surements, multiple bounce cells are 
made such that long pathlength cells 
are compacted into a much reduced 
size, by using up to 80 to 100 bounces. 
Peak position: The peak position is 
the center wavelength or frequency 
position (that is, center of mass or maxi-

mum transmittance or absorbance for a 
spectral band or a band created using 
an interference transmittance filter). It 
is most often the center of the band 
of frequencies transmitted by a band-
pass filter or the center wavelength of 
an absorbance band. It may be deter-
mined by a maximum or minimum sig-
nal location criteria, or by a center of  
mass criteria.
Pearson's r or Pearson's correlation: 
See also Correlation. 
Performance tests for IR instru-
ments: Basic performance testing for 
FT-IR instruments are included in the 
ASTM E1421 document. This practice 
specifies level zero and level one tests. 
Level zero tests are comprised of rou-
tine checks of instrument performance 
to determine significant changes and 
record a history of data from each 
instrument to be used for later com-
parison purposes. Level one tests are 
used to provide quantitative data on 
instrument function and performance 
with the purpose of diagnosing any 
significant instrument performance is-
sues. A major use of performance tests 
is to validate a spectrometer prior to 
use in a critical measurement, the test  
provides traceability.
Phase correction: An interferogram in-
herently contains out-of-phase portions 
because of the optical path variation 
within an instrument. If these portions 
are not corrected, the photometric in-
tensity of the spectrum will not be ac-
curate. A phase correction using the 
Mertz method is often applied to cor-
rect the phase and make the IR spec-
trum accurate in the photometric axis.
Phase cycling: A technique in coher-
ent 2D IR spectroscopy where the in-
dividual phases of laser pulses used in 
the experiment are controlled in order 
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to remove scatter from the resulting 
spectrum. This technique enables the 
study of highly scattering samples such 
as large proteins, amyloids, lipid bilay-
ers, cell membranes, and others.
Photon energy: Photon energy as 
Ep is given by Ep = hv or Ep = hcν . In 
this notation, h is Planck's constant 
(or 6.6256 × 10-27 erg-s; and v (nu) is 
the frequency of light, also known as 
hertz (Hz) or the number of vibrations 
per second, in units of s-1 or 1/s; ν  is 
the wavenumber units as cm-1 (that is, 
the number of waves per centimeter), 
and c is the velocity of light in a vacuum  
(or 2.9979 ×1010 cm/s). 
Plasmon: Plasmons are described as a 
charge-density oscillation occurring in 
a plasma. This can also be described as 
a quantum oscillation of free electrons 
with respect to the positive ions in a 
metal. Plasmons are active in demon-
strating the optical properties of met-
als and semiconductor material physics. 
Frequencies of light below the plasma 
frequency are reflected by a metal, 
whereas frequencies above the plasma 
frequency are transmitted by the metal. 
In most metals, the plasma frequency 
resides in the ultraviolet frequencies,  
a property which makes metals reflec-
tive or shiny in appearance within the 
visible spectral region. 
Polarization modulation measure-
ments: A technique using alternating 
s- and p- polarized light to measure 
samples that exhibit specific molecular 
orientation. The orientation of mol-
ecules on surfaces can be measured 
using this technique by comparing 
spectra measured with s-polarized light 
to those measured using p-polarized 
light. Dual-channel polarization modu-
lation measurements are used for infra-
red reflection absorption spectroscopy 

(IRRAS), vibrational circular dichroism 
(VCD), and vibrational linear dichroism 
(VLD) with low absorbance values near 
10-4 AU. See also IRRAS, VCD, and VLD.
Polymer stretching experiments: See 
Step-scan time-resolved measurements.
Precision: A measure of the agreement 
of multiple readings (measurements) 
of a sample with each other, generally 
expressed as the standard deviation of 
multiple readings under a set of specific 
measurement conditions. 
Prediction: The measured value of a 
constituent or parameter in a sample by 
applying a calibration model to a spec-
trum for that sample, where the sample 
is most often not included within the 
calibration set 

R
Raman effect: is an inelastic scatter-
ing of photons on a quantized atomic 
or molecular system via a short lived vir-
tual state. The quantized system can be 
electronic states of atoms or molecules, 
rotational levels of molecules, or vibra-
tional levels of molecules. This scattering 
phenomenon can be illustrated by using 
a simple energy level diagrams of Stokes 
vs. anti-Stokes scattering. Raman is a 
two photon scattering process leading 
to selection rules other than those ap-
plying to absorption spectroscopy. The 
Raman effect is demonstrated when a 
high flux of photons strikes an atom or 
molecule and an inelastic collision be-
tween the excitation photons and the 
atom (or atoms) occurs. This collision 
causes both an increase (anti-Stokes 
shift) and decrease (Stokes shift) in pho-
ton-radiated (or scattered) energy. The 
discovery of the Raman effect was made 
by C.V. Raman and K.S. Krishnan in 1928.
Range: The difference between the 
highest and lowest values of a constitu-
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ent in a sample set, or between highest 
and lowest values of a dataset or spec-
tral region. The range defines the use-
ful limits of the high and low values for  
a calibration
Rapid scan: A mode in which an instru-
ment achieves a full scan in a few mil-
liseconds and repeats the scan many 
times to average out random noise or 
error. By contrast, some instruments re-
quire several seconds for a full scan, but 
still average multiple readings at each 
point to reduce random (white) noise. 
Rapid scanning techniques involve bi-
directional scan and split scan methods.
Rayleigh scattering: Rayleigh light 
scattering is an elastic (that is, nonre-
active) scattered light interaction be-
tween energy of a given frequency and 
particles. When this effect occurs, the 
intensity of the scattered energy (as IRS) 
is inversely proportional to the fourth 
power of the incident light wavelength 
(1/λ4) in nanometers, micrometers, or 
meters. There is very little Rayleigh 
scattering in the infrared region, but 
this depends upon the size of ob-
served particles and the wavelength 
(or frequency) of the light used for  
generating spectra.
Reference set: A collec tion of 
samples for which primary refer-
ence laboratory data are available 
for the constituent composition, and 
thus can be used to calibrate an 
instrument for multiple products  
and constituents.
Reference spectrum: In context, a ref-
erence spectrum is generated using 
everything that is in the sample light 
path except the analyte of interest—
that is, the sample holder (cuvette), 
solvent, and any buffer or matrix used 
to prepare the sample. For reflectance 
spectra the reference is a nearly 100% 

diffuse reflector; for transmission spec-
tra the reference is dry air. In summary, 
for a traditional blank or reference 
spectrum, the measured sample in-
cludes the sample holder containing 
the solvent without the analyte pres-
ent or sometimes a blank sample com-
partment containing only purged, dry 
air. This is sometimes referred to as 
the background spectrum. Note that 
a reference spectrum may also refer to 
a spectrum measured under specified 
conditions of a reference material. 
Reference standard: Sample of 
known quality and quantity wherein 
the analyte purity is documented and 
used to construct a calibration curve.  
The calibration may be either of the in-
strument performance, or for the analyt-
ical determinations of an analyte. A ref-
erence standard may also be a sample 
whose properties are known and certi-
fied by a national reference laboratory 
as a standard reference material (SRM), 
or from another accredited or certi-
fied laboratory as a certified reference  
material (CRM). 
Reflectance: Reflectance (R) refers to 
the measured ratio of the quantity of 
electromagnetic energy reflected from 
a sample (I) to the quantity of energy re-
flected from a reference material (Io), so 
R = I/Io. The R scale may be expressed 
as 0 to 100% or 0 to 1.0. This term is 
also defined as the measured fraction 
of electromagnetic radiation striking 
a surface that remits, or returns, from 
that surface. At any wavelength the re-
flected light can be considered as hav-
ing two major components: One is the 
diffuse component, resulting from the 
light penetrating into the material and 
having an inelastic scattering interac-
tion with the sample so as to reemerge 
at an altered angle relative to the inci-
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dent angle, and containing chemical 
information of the sample. The other is 
the specular component, resulting from 
mirror-like elastic reflections of energy 
at the sample surface, and not contain-
ing chemical information of the sample. 
Reflection: Reflection refers to the 
physical act or phenomenon of reflect-
ing, which is the change in direction of 
electromagnetic energy at the interface 
between two different media, such as 
air and quartz. For infrared measure-
ments, diffuse gold or aluminum are 
used as reflection reference materials. 
Regression: Another name for the 
process of generating a least-squares 
fit in an equation to a set of X (that is, 
spectral signal amplitude at specific 
wavenumbers) and Y (that is, reference 
analyte concentration) data. Multivari-
ate regression is performed on mul-
tiple X independent variables on the 
Y dependent variable. The types of 
regression most common to spectros-
copy calibration work include multiple 
linear regression (MLR), principal com-
ponents regression (PCR), and partial 
least squares regression (PLSR). 
Regression coefficient: Regression 
coefficients are denoted in a general 
form by the following equation:

(Y’ =  B0+ B1 X1+ ... + BnXn ) [13]

Where the regression coefficients are 
the variables labeled Bi, and where 
Xi are the individual amplitude mea-
surements at specific wavenumbers 
(spectrum), and Y' is the estimated or 
predicted analyte concentration. The 
Bi coefficients are the parameters that 
are calculated by regression analysis, 
and are the necessary calibration con-
stants that determine the sensitivity of 
an instrument to the optical readings at 
the various wavelengths included in the 

calibration. A vector composed of all Bi 
values is termed the regression vector 
or B vector. See also Least squares fit.
Relative standard deviation: The stan-
dard deviation of a set of data divided 
by the mean value of that set of data. 
This is often referred to as the coeffi-
cient of variation. It is reported directly 
as a ratio value or as a percentage. 
Reread: The process of taking multiple 
readings on a single packing (or load-
ing) of a sample. Multiple rereads of a 
sample allow an estimate to be made of 
the contribution of electronic noise to 
the total error. The replicate measure-
ments are made without changing or 
moving the sample holder or sample. 
Residual: The statistical nomenclature 
for the difference between the quan-
titative value reported by the refer-
ence laboratory using an approved 
analytical method for analyzing a 
sample (true or reference value), and 
the value as determined by the cali-
bration equation being used for the 
spectroscopic method (estimated or 
predicted value). This residual value is 
the difference between the predicted 
or estimated value minus the "true" or  
reference value.
Reststrahlen bands (or effect): This 
is the cause of “inverted” peaks ob-
served when measuring infrared re-
flection. When the frequency band of 
incident electromagnetic radiation nor-
mally strikes a material and is strongly or 
completely reflected from the surface 
of the material because of the refractive 
index of the material, the phenomenon 
is referred to as the reststrahlen effect 
(German: meaning “residual rays”). The 
spectral regions exhibiting the strong 
reflection are termed the reststrahlen 
bands. Note that the refractive index 
(n) of a material describes how light 
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absorbs or reflects from a material and 
is defined as n = c/v, where c is the ve-
locity of light in a vacuum, and v is the 
velocity of light in the medium; this ratio 
is a dimensionless number.
Retardation: Retardation is defined as 
the optical path difference between the 
two beams in an interferometer. Higher 
retardation gives better spectral reso-
lution, increases the number of data 
points in a spectrum, and results in 
larger spectral data files.
R2: The square of the correlation coef-
ficient. Also called the coefficient of de-
termination, which represents the total 
explained variance from a fitted regres-
sion in terms of 0 to 1, or 0 to 100%.

S
Sample: A uniform lot of material that 
is to be analyzed. In spectroscopic 
quantitative analysis, samples are di-
vided into two categories: calibration 
samples and prediction samples. Cali-
bration samples are split into at least 
two aliquots, one of which is sent to 
a reference laboratory and the other 
read by the measuring instrument; 
these data are then combined into 
a calibration set for determining the 
regression coefficients or calibration 
model. Prediction samples are any 
samples not included within the cali-
bration set. They may also be sent to a 
reference laboratory for analysis if the 
purpose is to check the accuracy of the 
calibration. Qualitative identification 
of samples is the primary use for infra-
red measurements. In the qualitative 
measurement process, a test sample 
spectrum is measured and compared 
to a known reference sample library 
of spectra for identification matching, 
using one or more of a set of different 
search algorithms..

Scale: A mathematical method or soft-
ware tool used to perform arithmetic 
operations on a spectrum, such as 
multiplication, addition, subtraction, or 
division using a scalar (integer constant) 
or using a vector operation.
Scan: The process of measuring a 
spectrum at uniform wavelength or 
wavenumber intervals throughout the 
spectral range of interest. The interval 
should be small compared with the 
width of the absorbance bands of the 
sample in order to produce a quasi-
continuous approximation of the sam-
ple’s absorbance band characteristics 
and accurate peak locations. The scan 
consists of measuring the transmit-
tance, reflectance, absorbance, scatter-
ing, and so forth with respect to wave-
length or wavenumber for any material.
Scanning: The process whereby the 
optical data signal is measured and re-
corded with respect to the wavelength 
or wavenumber range of the spectrom-
eter. For IR instruments the wavenum-
ber range of the spectra is viewed from 
larger to smaller wavenumber—that is, 
highest to lowest frequency—respec-
tively. For FT-IR instruments an interfer-
ometer is sequenced for scanning an in-
terferogram and converting the signals 
to a spectrum. Microelectromechanical 
systems (MEMS) devices move a micro-
mirror reflecting the beam from a fixed 
grating onto the detector to produce 
a spectrum. For an array detector the 
beam from a fixed grating is projected 
onto an array to produce a spectrum. 
The end result of a scanning procedure 
is a series of amplitude measurements 
for specific wavenumbers. 
Search strategy: The sequence of 
steps followed to find the set of wave-
lengths producing the most accurate 
calibration equation for a multiwave-
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length calibration model. It is also a term 
used for searching or comparing a test 
spectrum against a library of reference 
spectra to find a qualitative match for  
sample identification.
Second-order data: Consists of am-
plitude at various frequencies, over 
different times slice intervals, or ampli-
tude at a single frequency vs. X and Y  
spatial data.
Sensitivity: See Limit of detection.
Signal: The output of the detector re-
sulting from its response to light energy 
emerging from the sample or refer-
ence material. It consists of an analog 
signal converted to a digital signal and 
then further converted to units such 
as counts, reflectance, transmittance, 
or absorbance; depending upon the 
measurement geometry and precise  
computational methods.
Signal-to-noise ratio (S/N): The ratio of 
the value of the signal (intelligence, mes-
sage, or information to be transmitted) 
to that of the noise (random variation or 
disturbance of the signal). A measure of 
performance for a measurable charac-
teristic of a device which includes a level 
of disturbance to the desired character-
istic. In spectrophotometers it is often 
measured by taking the amplitude of 
the signal for 100% transmittance or 
100% reflectance and dividing it by the 
root mean square (RMS) deviation (or 
peak-to-peak variation) of the repetitive 
measurements of that sample. This is 
precisely determined as the numerical 
ratio of the total signal I/I0 to the noise of 
the instrument (computed as RMS devia-
tion of repeated signal measurements). 
The RMS is the standard deviation of the 
photometric measurements at a set of 
wavenumbers or wavelengths.
Single-sided interferogram: An in-
terferogram has a “center-burst,” also 

referred to as the zero-path-difference 
(ZPD) location. When the path of the 
fixed and moving mirrors are identical 
in the interferometer, the interferogram 
is at maximum interference. The center-
burst may be placed anywhere along 
the recorded data for the interferogram. 
When it is placed near the start of the 
interferogram it is termed a single-
sided interferogram (also known as a 
symmetric interferogram).
Skew: A term used to refer to a sys-
tematic variation of instrument read-
ings when they are compared to the 
reference laboratory, to the extent 
that samples near the low end of the 
range read (measure) low and samples 
near the high end of the range read 
(measure) high, or vice versa. It is also 
a term for a slope change in X and Y  
comparative data. 
Slit: An aperture, usually rectangular 
in shape with a large length-to-width 
ratio, and a fixed or adjustable shape 
through which radiation enters or 
leaves a monochromator-based in-
strument. The slit aperture is usually 
quite small relative to the light source.  
For monochromators there is an en-
trance and exit slit for each grating; for 
interferometers there is a J-stop circular 
aperture, which in effect acts as a slit 
for the interferometer and is used to 
adjust the effective spectral resolution 
of a measurement. 
Slit width: The size of opening of slit 
through which light passes. The slit 
width depends on the wavelength 
range, separation ability of wave-
length selector (for example, grating), 
and desired isolation of a specific 
wavelength (that is, line width). Slits 
are either a fixed width or automati-
cally programmed for width variation 
(when using constant energy measure-
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ments). For interferometers there is a 
J-stop circular aperture that has vari-
able diameters to adjust the spectral 
resolution . The slit width and J-stop 
both affect the spectral resolution of  
the spectrophotometer.
Slope: Another term for "skew"; the 
use of the term “slope” implies that the 
amount of skew is known. See also Skew.
Smoothing: Smoothing may be ap-
plied to spectroscopic data for a 
several purposes—for example, to 
improve the quality of the spectral ap-
pearance, to remove apparent noise, 
to decrease spectral resolution to 
match bandwidth between two spec-
tra measured at two resolutions, and 
to remove apparent random and struc-
tured variation in signals. Smoothing 
allows enhanced manual viewing and 
multivariate processing by reducing or 
eliminating spectral variation caused 
by random measurement noise.  
The most common methods of smooth-
ing within spectroscopy include boxcar 
smoothing, Fourier-domain (fast Fou-
rier transform [FFT]) smoothing, and  
Savitzky-Golay smoothing. 
Step-scan: The process of building 
up an interferogram one data point 
at a time rather than continuously (as 
in a linear scan) by stopping the mir-
ror movement at regular intervals and  
collecting data. 
Step-scan phase-resolved measure-
ments: A technique using amplitude 
modulation, phase modulation, or 
sample modulation. Used for electro-
luminescence measurements, polymer 
stretching, and electrochemistry mea-
surements, or PAS.
Step-scan space-resolved measure-
ments: A technique using imaging 
spectra for spatial data acquisition for 
focal-plane imaging such as IR spatial 

imaging. Combines chemical and as-
sociated structural (spatial) information.
Step-scan time-resolved measure-
ments: A technique using microsec-
ond to nanosecond time resolution for 
timed measurement scan events. Used 
for nanosecond chemical kinetics, liq-
uid crystal dynamic studies, or polymer 
stretching experiments where stress 
and strain or fast kinetics are measured 
for rapid chemical changes or strain on 
and strain off cycles. Also useful for PAS 
or for depth profile measurements. The 
instrument measurement cycle is usu-
ally to stop and measure two conditions 
and then move to the next wavenumber 
increment (step-scan) for the successive 
measurements. This allows the instru-
ment to store and compute two final 
spectra for two conditions of on and off 
or stretch and no stretch, and so forth.
Solution-based infrared measure-
ments: This technique involves the 
dissolving of a sample using a single or 
multiple solvents, separating the sol-
vent fractions when required, and ap-
plying the various solvent fractions onto 
a transmission window and evaporating 
the solvent. The residual, consisting of 
a dried sample, is then measured using 
transmission spectroscopy. This is use-
ful when a multicomponent sample can 
be studied by separating its compo-
nents using different types of solvents 
with a separatory funnel. For example, 
a polymer coated with a surfactant and 
adhesive might be separated into a 
water fraction containing the surfactant, 
and an organic solvent fraction contain-
ing the adhesive, as well as the base 
polymer. In this example, each fraction 
can be measured using the technique. 
Popular solvents in the past included 
water, carbon tetrachloride, chloroform, 
and carbon disulfide. Some of the best 
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solvents are considered somewhat haz-
ardous, and so their use as IR solvents 
has become more limited.
Solvent: Liquid used to dissolve the 
sample analyzed. Commonly water or 
methanol of high purity. Usually des-
ignated as specially purified for UV 
and spectroscopy work—for example, 
Spectrophotometer Quality, Spectro-
Quality, or Spectro-Grade.
Solvent cutoff: The wavelength at 
which the solvent, at a specific path-
length, absorbs a significant portion 
or all of the light attempting to pass 
through it, causing a loss of signal 
and inability to perform an analysis in 
that spectral region. In other words, 
the solvent becomes opaque to the 
wavelengths being used and is acting 
like a cutoff filter. This phenomenon is 
common in ultraviolet spectroscopy, 
and is much rarer in the visible and 
higher wavelength spectral regions.  
Liquid water will cutoff much energy in 
the infrared region.
Source: An electromagnetic energy 
generating supply to make the mea-
surement for an optical spectropho-
tometer system. The source is the origin 
of the light used in the spectrometer; 
usually a globar for laboratory infrared 
spectroscopy, although broadband ad-
aptations for infrared lasers are being 
used for infrared sensor development. 
See also Infrared sources.
Spectral energy units: Spectral en-
ergy for molecular and electronic 
spectroscopy is described in terms 
of units of wavelength—for example, 
micrometers (μm) as 10-6 m; or nano-
meters (nm) as 10-9 m; or angstroms (Å) 
as 10-10 m. Energy is also expressed 
as frequency (cycles per second or 
s-1 or 1/s) termed hertz (Hz), as wave-
numbers (cm-1), and as electron volts 

(eV). See also Unit conversions for  
photon energy.
Spectral reconstruction: A mathemati-
cal technique for recreating the spec-
trum of any of the pure components 
(constituents) in a mixture provided 
the concentration of the component 
is known for several different samples. 
The technique works well, and recon-
structed spectra of pure compounds 
in mixtures have been shown to com-
pare favorably with spectra obtained 
directly from the pure compound as 
long as two conditions are met: 1) the 
constituent concentration is expressed 
as weight or volume percent (this is 
mathematically necessary, because the 
algorithm depends on the fact that all 
components add up to 100% for proper 
operation); and 2) the components are 
uncorrelated. A component that is cor-
related with the one whose spectrum 
is being reconstructed will have its 
absorbance bands appear within the  
reconstructed spectrum.
Spectral searching (matching) ap-
proaches: There are a variety of pub-
lications and commercial or open 
source software instructional manuals 
that describe how to perform spectral 
searching with the purpose of identi-
fying unknown test samples. For ad-
ditional details and instructions The 
ASTM (American Society for Testing 
and Materials) International has pub-
lished a "Standard Practice for Gen-
eral Techniques for Qualitative Analy-
sis" (Method E 1252-88). The method 
describes techniques useful for quali-
tative evaluation of liquids, solids, and 
gases using the spectral measurement 
region of 4000 to 50 cm-1.
Spectral windowing: The process 
of using or removing specific spectra 
regions (windows) from further analy-
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TABLE IV: Spectroscopy physical constants and values

Physical Constant Symbol Value

Avogadro constant NA or L 6.022141 29 x 1023 per mol

Boltzmann constant k 1.3806488 x 10-23 J per K

Faraday constant F or Ƒ 96 485.3365 C per mol

Molar gas constant R 8.314 4621 J per mol K

Plank constant, h 6.626 069 57 x 10-34 J s

Speed of light (in vacuum) c 299,792,458 m per s

Stefan-Boltzmann constant ö 5.670373 x 10-8 W per m2 K4

Note: J = joules, K = degrees Kelvin, m = meters, mol = moles, s = seconds, W = watts

sis or data processing by applying 
software to select windows for inclu-
sion or deletion in the processing or  
comparison steps. 
Spectrophotometer: A device used 
to measure and record the spectrum 
of a material at uniform, usually closely 
spaced, wavelength or wavenumber 
intervals. This type of instrument is 
sometimes referred to as a spectrom-
eter, although correct terminology is 
spectrophotometer. It is specifically 
designed to measure the ratio of the 
sample signal (I) versus the reference 
signal (Io) as the ratio I/Io. A spectrome-
ter is distinguished in that it is generally 
an instrument that measures spectra 
mostly to obtain an analytical (quanti-
tative) result, rather than to observe or 
interpret spectra for qualitative uses. 
Spectroscopy physical constants: 
Most common spectroscopy physical 
constants and values (See Table IV).
Spectrum: An abbreviated form of “elec-
tromagnetic spectrum.” It is a series of 
wavelengths of radiation, belonging to a 
specific portion of the electromagnetic 

continuum—for example, it is the absor-
bance (computed from transmittance or 
reflectance) as a response of the instru-
ment to a sample and reference measure-
ment (I/Io) with respect to wavelength or 
wavenumber. For a Raman shift spectrum, 
the Stokes scattering of a sample mea-
surement is recorded with respect to  
wavenumber position.
Specular Reflectance: This measure-
ment technique is an external or specu-
lar reflectance method that measures 
a mirror-style reflection from the sur-
face of the sample. It is used only for 
samples that have flat, highly reflective 
surfaces. The most common applica-
tions of external reflectance are for di-
rect measurement for films, coatings or 
surface contaminants on metal surfaces. 
These measurements are sometimes re-
ferred to as transflectance or reflection/
absorption when the sample has lower 
surface reflection and the infrared en-
ergy penetrates into the sample and re-
flects off of the back surface of the sam-
ple or from a reflective backing behind  
the sample. 
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Standard deviation: A measure of 
the spread of a set of numbers that 
are the same units as the numbers 
themselves. The standard devia-
tion of a number of measurements is 
computed for any variable set of 
data points, Xi from the following 
formula, where n is the number of  
data points:

si = 
∑ (Xi - Xi )

2

n - 1
i=1

n

[14]

Standard error of cross validation 
(SECV): A measure of the standard 
error of estimate determined by using 
a portion of the calibration set to gen-
erate the calibration and a portion of 
samples to validate the calibration. 
Standard error of estimate (SEE): A 
standard deviation measure of the dif-
ference between the reference labora-
tory values for a set of samples and the 
values determined by the instrument.
Standard error of prediction (SEP): 
A standard deviation measure of the 
accuracy of an instrumental measure-
ment compared to a reference labora-
tory using a set of samples that were 
not included in the calibration. 
Standard normal variate (SNV): The 
SNV data reprocessing method par-
tially compensates for some spectral 
slope and particle size differences 
within a series of spectra measured 
using diffuse reflection. The algorithm 
is applied individually to each spectrum 
for both calibration and prediction 
spectra. This processing step is applied 
to each data point for each spectrum 
using the mean and standard deviation 
of the spectrum data in absorbance 
space (units). The absorbance for each 
data point is compared to the mean 
absorbance of the spectrum and then 

ratioed to the standard deviation of the 
absorbance data for the spectrum. The 
computation formula is as follows:

aij (SNV) = 
∑ (aij - ai)2

(aij - ai)

n - 1
i=1

n

[15]

Where αij(SNV ) is the computed stan-
dard normal variate for the datapoint 
(element) αij, and ai is the mean of the 
spectrum i, and n is the number of data 
points or elements in the spectrum.
Standard reference material (SRM): 
These registered trademark materials 
are provided by the National Institute of 
Standards and Technology (NIST). 
Standardization: Direct standardiza-
tion (DS) and piecewise direct stan-
dardization (PDS) are the general 
and most common methods used for 
instrument standardization. The DS 
and PDS approaches are also often 
combined with small adjustments in 
bias or slope of the predicted values 
to compensate for small differences 
not accounted for by using standard-
ization algorithms. The algorithm in 
effect introduces an offset (bias) and 
general slope change of the spectra 
to more closely map one instrument 
to another. 
Stokes shift: See Raman effect.
Stray light: Any radiation reaching the 
detector that is not remitted or trans-
mitted from, or through, the sample at 
the selected measurement wavelength 
(wavenumber). Note that stray light en-
ergy for interferometer-based instru-
ments is generally considered negligi-
ble, and is more of an issue in dispersive  
instrument designs.
Sum of squares: Literally just that; the 
sum of squares of a set of numbers 
representing some quantity in a math-
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ematical equation. For example, in a  
regression calculation:

(total sum of squares) = (sum of squares 
due to regression) + (sum of squares 
due to error)                  [16]

T
Teaching set: Another name for a  
calibration set.
Terahertz: See Far-infrared. This term 
is currently defined as an energy region 
represented by 3 x 1012 to 3 x 1011 Hz 
(s-1). This region is considered as the 
100 to 10 cm-1 region, corresponding 
to 100,000 to 1,000,000 nm, or 0.1 to 
1 mm, or 100–1000 µm). See also Far-
infrared (far-IR).
Thermogravimetric analysis- in-
frared (TGA-IR, TGA-FT-IR): This 
technique combines a thermogravi-
metric heater, capable of controlled 
heating of a specific type of solid or 
liquid sample, combined with a gas 
analyzing infrared spectrophotometer.  
This technique is a standard laboratory 
procedure for studying the thermal 
degradation characteristics of mate-
rials in oxidative, inert, and reducing 
atmospheres. Careful heating control 
of a sample produces gaseous deg-
radation products that are monitored 
with a gas cell using IR spectroscopy. 
This technique is especially useful for 
measuring thermal degradation by-
products, oxidation mechanisms, and 
pyrolysis studies involving polymer 
samples. After a thermal cycle of a 
sample, there is also an opportunity 
to analyze the remaining solid resi-
due ash to determine the presence of  
inorganic compounds.
Third-order data: Consists of a hyper-
spectral data cube, that includes am-
plitude at multiple frequencies gener-

ally measured over X-axis and Y-axis  
spatial data.
Tilting filter: An interference filter, 
when tilted, produces wavelengths 
different from those produced when 
the light is normal or perpendicular to 
its surface. Controlled tilting can pro-
duce a known band of wavelengths 
(passband). This approach is the basis 
of some infrared instrumentation in-
termediate between less-expensive 
fixed interference filters and more 
expensive grating or interferometer- 
based instruments. 
Timedrive measurements: A tech-
nique used to measure absorbance vs. 
time at specific wavenumbers for slow 
kinetics and reaction rate experiments. 
May be used to study fermentation or 
chemical processes that are on spe-
cific time scales or for kinetic reaction  
rate studies. 
Transf lectance: The process of 
measuring a liquid in which an op-
tical beam passes through it, re-
flects off a highly reflective back-
ing, and then passes through the 
l iquid again before detec t ion.  
This approach allows the absorbance 
of a clear or slightly turbid transmitting 
liquid or slurry to be measured in a re-
flectance mode measurement geom-
etry. It also allows the source and the 
detector to remain on the same side of 
the sample (as in measuring the reflec-
tance of solids).
Transform: A mathematical procedure 
for converting a function of one variable 
into a unique function of another vari-
able. Some well-known transforms are 
the Laplace and Fourier transforms.
Transmission: Transmission refers to 
the act or phenomenon of transmit-
ting energy, which is the phenomenon 
of electromagnetic energy passing 
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through a material from one refractive 
index to another, generally air to glass 
or quartz. 
Transmission sampling cells: These 
sample holders are used for liquid 
samples. Several forms of transmission 
cells are available as a combination of a 
framework or assembly (cell body) and 
a pair of transmission windows (See 
Window materials). There are different 
types of transmission cells to include 
demountable cells, semi-permanent 
cells, fixed pathlength cells, and vari-
able (continuously) pathlength cells. 
Demountable cells can be used for 
neat (undiluted) liquids or solutions and 
the benefit of this style of cell is that it 
is easily disassembled for cleaning.  
Fixed pathlength or semi-permanent 
cells are typically used for solutions or 
nonviscous liquids. The pathlength for 
these cells is defined by a spacer and 
may be calibrated using the interfer-
ence fringe method. Note that cell win-
dows made from nontraditional window 
materials, such as zinc selenide, zinc 
sulfide, germanium, or other medium-
to-high refractive index materials, will 
usually result in the production of inter-
ference fringes, even in the presence of  
the sample.
Transmittance: Transmittance (T ) re-
fers to the fraction of electromagnetic 
energy that passes through a sample 
(I), relative to the total amount quan-
tity of energy that strikes the sample 
(Io), so it is represented by the ratio of  
T = I/Io. The T scale may be expressed 
as 0–100% or 0–1.0. In transmittance 
measurements, dry air is used as the 
typical reference. 
Truncate: A technique of selecting only 
a portion of a spectrum with which to 
perform calibration or mathematical  
processing. 

Turret-mounted filters: See Fixed filter. 
Two-dimensional (2D) correlation 
spectroscopy: This technique uses a 
correlation of multiple spectra for de-
tailed molecular structural analysis of 
compounds. This method may be used 
to measure conditions of applied stress 
and relaxation to determine rheo-optical 
properties of polymers and other mate-
rials. The technique can also be used 
for correlation of spectra from different 
spectral regions, such as NIR and IR. The 
technique allows correlation comparison 
of different spectral ranges assign the 
functional group positions for more de-
tailed chemical (structural) information. 
Provides more information on molecular 
structure than single first-order spectra.

U
Unit conversions for photon energy: 
The conversions between wavelength, 
wavenumbers, frequency, and photon 
energy are as follows:

Wavenumbers (cm-1) to wavelength (in 
nanometers): 

λnm = 
107

Vcm-1 [17]

Wavelength (in nanometers) to wave-
numbers (cm-1):

Vcm-1 = 
107

λnm
[18]

Wavelength (in nanometers) to fre-
quency (in Hz): 

v
Hz

 = 
2.9979 × 1017nm · sec-1

λnm
[19]

Wavelength (in nanometers) to photon 
energy (in electron volts, eV):

EPeV = 1240
λnm

[20]
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V
Variable: Any quantity in a mathemati-
cal equation that is subject to change. 
In spectroscopic calibration involving 
regression, two types of variables are of 
interest: the independent variables (X), 
which consist of the optical readings 
and any auxiliary or indicator variables; 
and the dependent variables (Y ), which 
consist of the constituent or analyte  
quantity information.
VCD (Vibrational circular dichroism): 
A technique used to detect and record 
left handed and right handed circularly 
polarized light to detect and study en-
antiomers (stereoisomers or molecules 
that are mirror images of one another).
VLD (Vibrational linear dichro-
ism): A technique used to measure 
the difference in infrared spectra 
between two orthogonally polar-
ized infrared energy beams. It is used 
to measure the vibrational orienta-
tion of molecules on surfaces or in  
biological systems. 

W
Water vapor: See Atmospheric correc-
tion for IR spectra.
Wavelength: Electromagnetic energy 
is transmitted in the form of a sinusoi-
dal wave; the wavelength is the physical 
distance covered by one cycle of this 
wave. It is defined as the distance from 
one crest of an electromagnetic wave 
to the same position on the subsequent 
wave. Peak-to-peak distance is gener-
ally measured in nanometers or wave-
numbers for use in spectroscopy.
Wavenumber: The number propor-
tional to the inverse of the wavelength 
in a harmonic wave; the number of 
waves per unit length (centimeter),  
or cm-1. For infrared spectroscopy, the 
wavenumber represents the number of 

waves (cycles) occurring per centimeter. 
It is equivalent to 1 x 107/wavelength in 
nanometers; for example, 2500 nm is 
equivalent to 4000 cm-1. For Raman 
spectroscopy, the wavenumber repre-
sents the number of waves (cycles) oc-
curring per centimeter for the Raman 
shift corresponding to the molecular 
vibrational frequency for measured 
materials. It is also equivalent to  
1 x 107/wavelength in nanometers.  
Note the relationship of wavenumber 
photon energy and wavelength from the  
following equations:

v = 
Ep    1    Ep          hc 
hc     λ    hc          Epλ== == [21]

Where ν  is the wavenumber units 
as cm-1 (that is, the number of waves 
per centimeter); h = Planck's constant  
(or 6.6256 × 10-27 erg-s; and c is the 
velocity of light in a vacuum (or 2.9979 
× 1010 cm/s); λ (Greek: lambda) is the 
wavelength in units of cm; and Ep 
is the energy of a photon of light,  
where Ep = hcν .
Wavenumber correction: The process 
of aligning the X-axis or wavenumber 
axis for a Raman spectrometer. It is ac-
complished by measuring a standard 
reference material with carefully known 
wavelength or wavenumber peak po-
sitions and making adjustments to 
align the instrument to these reference 
standards. Wavenumber correction is 
essential for high quality infrared and  
Raman spectra. 
Window materials for infrared: A 
transparent material with plane parallel 
surfaces used to admit light into an op-
tical system and exclude contaminants 
such as dirt and moisture. Windows 
are used within an instrument and for 
holding samples. The following materi-
als are used for infrared windows useful 
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for sample holders. Table V shows the 
typical transmission range for each. 

XYZ . 
x-shift: When spectra are measured 
from two or more instruments there 
may be differences between the x-axis 
of the spectra when trying to compare 
them. In this case the wavelength or 
wavenumber scale is shifted or different 
between instruments. An x-axis correc-
tion shift will move one spectrum to line 
up with another spectrum along the x-
axis for improvements in accuracy for 
quantitative or qualitative analysis. 
z-dimension: See Cuvette.
Zero filling: Is a process of adding a 
number of data points consisting of 
amplitude values located between cor-
responding interferogram data points 
to increase the number of data points. 
This action is completed before apply-
ing the fast Fourier transform (FFT) to 
the interferogram to produce a spec-
trum. Zero-filling adds interpolated 
points that lie between the real interfer-
ogram data points. The resultant data 
are smoother in appearance and more 

suitable for application of the FFT al-
gorithm (proper number of data points). 
The appearance and photometric accu-
racy of the spectrum is improved, but 
there is no improvement in the line 
width resolution of the spectrum.
Zero-order data: Consists of ampli-
tude at a single frequency.
Zero-order pulse (ZOP): The mirror 
reflection from a grating system indi-
cating precise positioning of the grat-
ing for calibration of a monochromator 
encoder alignment. 
Zero path difference (ZPD): An in-
terferogram has a centerburst, also 
referred to as the zero path-difference 
location. When the path of the fixed 
and moving mirror are identical within 
the interferometer, the interferogram is 
at maximum interference; there is zero 
path difference between the light trav-
eling through the two channels of the 
Michelson interferometer.
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TABLE V: Typical transmission ranges for various infrared window materials

Window Material Chemical Formula Useful Transmission Range (cm-1)

Sodium chloride (NaCl) 40,000–590

Potassium bromide (KBr) 40,000–340

Cesium iodide (CsI) 40,000–200

Calcium fluoride (CaF) 50,000–1140

Barium fluoride (BaF2) 50,000–840

Silver bromide (AgBr) 20,000–300

Zinc sulfide (ZnS) 17,000–833

Zinc selenide (ZnSe) 20,000–460
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Glass Analysis
The standard procedure for the determination 
of the emissivity of glass involves single beam 
measurements of the glass sample, a reference mirror, 
and an empty background spectrum at 30 standard 
wavelengths. These wavelengths range from 5.5 μm 
to 50 μm (1818–200 cm-1). The selected wavelengths 
are specified by three international standards: EN 
673 (1), EN 12898 (2), and ISO 10292 (3). The ability of 
the PerkinElmer Spectrum 3TM (Figure 1) to measure 
in multiple regions of the infrared spectrum gives 
the user the potential to not only determine the 
emissivity of glass, but investigate other properties 
demonstrated in the near-infrared region.

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

The Spectrum 3 has the ability to scan the entire 
infrared range from near-infrared to far-infrared with 
automatic switching of optical components. The new 

“Merge” function in Spectrum 10™ may be used to com-
bine spectra from different ranges to produce a single 
spectrum which covers the entire infrared region.

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

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

εn = 1 – Rn                                  [1]

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

First, both the glass and mirror measurements are 
corrected using the empty background spectrum.  
The reflectance is then determined at each wavelength 
by dividing the corrected glass value by the corrected 
mirror value. The overall reflectance is calculated by 
finding the mean of the reflectance at each of the 30 
specified wavelengths. This may be carried out using 
the “equations” function of Spectrum 10 software or 
with an external data analysis application.

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

In addition to emissivity calculations, the near-
infrared region of the spectrum can also provide 
information regarding thermal transmittance. 

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

Figure 1: PerkinElmer Spectrum 3 FT-IR spec-
trometer.
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Figure 2: Tri-range spectra of glass (Red), a refer-
ence mirror (Blue) and no sample (Black).
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Figure 3: Chemical structure of clotrimazole.

TABLE I: Spectral Ranges used for sample 
measurement.

Range Mode Spectral Range (cm-1)

Far-Infrared 700 – 100

Mid-Infrared 5000 – 450

Near-Infrared 10000 - 5000

http://www.perkinelmer.com
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Glass designed specifically for absorbing heat will 
generally have a higher reflectance in the near-
infrared region. For example, the standard 3 mm 
float glass shows low reflectance in the near-infrared 
region, and thus is not heat-absorbing glass. 
 
Pharmaceutical Analysis
A pharmaceutical product which demonstrates 
strong spectral features in all three regions is 
clotrimazole, an anti-fungal medication, the 
chemical structure of which is shown in Figure 3. 
 
Experimental
A sample of clotrimazole was measured in all three 
regions of the infrared spectrum, using automatic 
switching of optical components. Measurements in the 
mid and far-infrared regions were carried out using an 
ATR accessory, while measurements in the near-infrared 
region were carried out using the NIRAII accessory. 
 
Results and Discussion
The tri-range spectrum of clotrimazole is shown in 
Figure 4.

Having the ability to measure a pharmaceuti-
cal sample in all three ranges of the infrared re-
gion through Spectrum 3 allows analysts to si-
multaneously investigate multiple properties and 
obtain more significant information on the sample. 
 
Industrial Antioxidant Analysis
One example of a material used across a wide range 
of industries is butylated hydroxytoluene (BHT).  
This is used as an antioxidant in transformer oil, fuels, 
rubber, pharmaceuticals, and some food products.  
The chemical structure of BHT is shown in Figure 5.

Experimental
The PerkinElmer Spectrum was used to measure a 
sample of BHT in all three regions of the infrared 
spectrum. Measurements in the mid and far-
infrared regions were carried out using an ATR 
accessory, while measurements in the near-infrared 
region were carried out using the NIRAII accessory. 
 
Results
A tri-range spectrum of BHT is shown in Figure 6.

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

One previously mentioned use of BHT is as 
an antioxidant in rubber and other polymers.  
Far-infrared provides an incredibly useful tool for 
measurement of polymers due to strong intermo-
lecular vibrations and weak intramolecular vibra-
tions falling in this range. This region has been 
used to successfully quantify BHT as an additive 
in polymer samples as lattice vibrations of some 
polymers fall between 50–100 cm-1 (6).
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Figure 6: Tri-range spectrum of BHT.
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Figure 4: Tri-range spectrum of clotrimazole.
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Figure 5: Chemical structure of BHT.
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