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The enthusiastic responses to previous 
terminology guides has led the editors 

of Spectroscopy to develop a similar guide 
for Raman spectroscopy, initially focus-
ing on those terms related to Raman and 
to molecular spectroscopy. Such a guide 
would include the types of Raman spec-
troscopy methods and many terms related 
to the various Raman techniques, basic no-
menclature and concepts, data processing, 
instrumentation, and the many applications 
of Raman instruments. In addition, it would 
include some data and computer terms, 
some statistical data analysis terms, and 
the essential chemometric terms for typical 
data preprocessing and calibration. 

The Raman Terminology Guide you now 
have before you is a comprehensive set of 
definitions for topics of interest to molecular 
spectroscopists and those specifically using 
Raman spectroscopy in their daily work. This 
guide includes the types of Raman spectros-
copy techniques and many terms related to 
the applications of Raman spectroscopy in-
struments. This terminology guide includes 
definitions for more than 250+ molecular 
spectroscopy terms in sufficient detail to 
provide readers with a reasonable under-
standing of the concepts covered. In ad-
dition to using this guide, spectroscopists 
may also wish to know the definitions given 
by various organizations for many spectro-
scopic terms; for these, one may refer to The 
ACS Style Guide, the American Society for 
Testing and Materials (ASTM) terminology 
guides, United States Pharmacopeia (USP) 
documents, or the International Union of 
Pure and Applied Chemistry (IUPAC) guid-
ance documents. 

Introduction to the Guide
Jerome Workman, Jr. 

This terminology guide is not intended 
to be highly theoretical, or all-inclusive in 
its coverage. For example, we have elected 
not to cover every possible term used in 
Raman spectroscopic instrumentation, 
measurement, data handling, and valida-
tion, nor to go too deep into theoretical or 
complex Raman phenomena. Instead, we 
have  chosen to include most terms that 
may be encountered in everyday laboratory 
work where Raman and infrared spectros-
copy are in general use. Terms included for 
Raman techniques are: Brillouin scattering, 
coherent anti-Stokes Raman spectroscopy 
(CARS), coherent Raman scattering, Breit-
Wigner-Fano resonance, far-field Raman 
spectroscopy, Fermi resonance, hyper-
spectral imaging, plasmons, Raman ef-
fect, Raman intensity function, Raman ro-
tational spectroscopy, Raman vibrational 
spectroscopy, resonance Raman spec-
troscopy (RRS), shifted excitation Raman 
difference spectroscopy (SERDS), stimu-
lated Raman, spatially offset Raman spec-
troscopy (SORS), spontaneous Raman 
spectroscopy, stimulated Raman spec-
troscopy (SRS), surface-enhanced Raman 
spectroscopy (SERS), surface-enhanced 
resonance Raman spectroscopy (SERRS), 
surface-enhanced spatially offset Raman 
spectroscopy (SESORS), surface plasmon 
polariton enhanced Raman spectroscopy 
(SPPERS), tip-enhanced Raman spectros-
copy (TERS), and two-dimensional (2D) 
correlation spectroscopy. This glossary 
should be helpful to both novice and 
advanced users, serving as a useful ref-
erence to even the most experienced in 
the field. 
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A
Abscissa: Designates the horizontal 
(x) axis of a graph and, typically, the 
wavelength or wavenumber scale of 
a spectrum.
Accuracy: A measure of the agree-
ment between the amount of a sub-
stance as determined by an analytical 
procedure and the “true” amount of 
that substance in the sample. Since 
the “true” value may be unknown, it is 
approximated by determining it using 
a reference analysis method—that 
is, a method whose accuracy can be 
estimated. If enough determinations 
are averaged, improved approxima-
tions of the “true” analyte concentra-
tions can be made. In spectroscopic 
calibrations, the accuracy is usually 
expressed as the standard error of 
estimate (SEE) or the standard error 
of prediction (SEP) as statistics that 
measure agreement between the 
spectroscopic analysis and the refer-
ence value determined by a reference 
method. This error is usually ascribed 
to the instrument, although in fact, it is 
due to the error variances of both the 
instrument and reference methods. 
Accuracy with respect to an instru-
ment performance calibration is the 
agreement of a measurement param-
eter (for example, wavelength, photo-
metric value, or linearity) to the certi-
fied values of a reference standard.
Achromat (lens): A lens designed 
to limit the effects of chromatic and 
spherical aberration. The corrections 
are made for two wavelengths.
Acousto-optic tunable filter (AOTF): 
A type of filter where light diffraction is 
achieved by an ultrasonic grating.
Active detector: A photon detection 
system requiring electronic power that 
will detect photons at various frequen-

cies and create a change in an elec-
tronic signal based on the photon or 
electromagnetic energy flux striking 
the active detection element. The 
detector elements include photocath-
odes, photodiodes, photodetectors, 
and charge-coupled devices (CCDs). 
Materials include silicon (Si), cadmium 
zinc telluride (CdZnTe), mercury cad-
mium telluride (MCT, HgCdTe), in-
dium gallium arsenide (InGaAs), lead 
sulfide (PbS), light-emitting diodes 
(LEDs), indium antimonide (InSb), and 
germanium (Ge). 
Analog: A term used to describe or 
represent continuously variable physi-
cal quantities. Analog data has con-
tinuity as contrasted to digital data, 
which is in discrete reporting states. 
Analog signals are continuously vari-
able quantities that contain informa-
tion that is resolution dependent only 
upon the magnitude of the signal.
Analysis: The determination of the 
quantity (quantitative analysis) or qual-
ity (qualitative analysis) of a particular 
substance (that is, analyte) contained 
within a sample, usually expressed as 
weight percent of an analyte. Note 
that spectroscopy directly measures 
a volume fraction unit, not a weight 
fraction unit. One may also perform 
analysis on the optical performance 
of a spectrometer for its optical, me-
chanical, and electronic performance 
levels. This is a generic definition and 
does not refer to data analysis.
Analyte: The par ticular material 
(compound) or chemical species of 
interest to be determined within an 
aliquot of a physical sample using an 
analytical method.
Analysis of variance (ANOVA): A 
mathematical or statistical procedure 
for determining the contributions that 
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various phenomena make to the total 
variation in a set of measurement data. 
Variance is defined as the standard 
deviation squared and follows the F-
distribution for statistical purposes. 
Variances are additive terms and allow 
arithmetic operations.
Angle of incidence: The angle be-
tween the incident radiation beam with 
respect to a normal (perpendicular) 
surface angle. For a plane and specu-
lar surface, the incident and reflected 
angles for a beam of light are equal. 
Anharmonicity: The difference in 
vibrational energy from a perfect (or 
theoretical) harmonic oscillator model. 
Note that because of anharmonicity, 
the measured overtone frequencies for 
vibrational spectra are slightly lower 
than their calculated or theoretical val-
ues due to the negative energy impact 
of anharmonicity. Due to anharmonic-
ity the exact multiple frequencies for 
harmonic bands in Raman spectra do 
not occur exactly at the frequency in-
dicated by the theoretical harmonic 
oscillator approximation.
Anisotropy: A reflection property 
where the energy is not equivalent for 
all positive angles of reflection; there-
fore, reflected energy is different for dif-
ferent reflection angles from a surface.
Anti-Stokes shift: See Raman effect.
AOTF: See acousto-optical tunable filter.
Apochromat (lens): A lens that has 
better correction of chromatic and 
spherical aberration than an achro-
mat lens. Corrections are done for 
three wavelengths.
Apodization or apodization function: 
A function used to remove the "ripple" 
effect on either side of spectral peaks 
or bands following the application of 
the Fourier transform to an interfero-
gram. These ripples are minimized by 

applying a function to spectral data to 
produce smaller ripples and slightly 
broadened peak widths. 
Array detector: A photoelectric de-
tector that includes multiple, evenly 
spaced lines or rectangles of detec-
tors (or pixels), each of which may inde-
pendently detect a broad wavelength 
range of energy. These detectors may 
be flat or curved to accommodate a 
multiwavelength beam of diffracted 
light. They may be a linear array (diode 
array), or a two-dimensional charge-
coupled device (CCD),  or a multidi-
mensional rectangular array where dif-
ferent pixels form a mosaic of smaller 
pixels capable of collecting and re-
porting multidimensional images.  
At-line: 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 
presentation to a nearby instrument.

B
Backscattering: The reflection of light 
waves back to the direction from which 
they came. In Raman measuring, this 
term refers to a geometry where signal 
collection is performed at a 180° angle 
relative to the incident laser direction.
Bandpass filter: A filter that is de-
signed to provide transmission for a 
particular band of frequencies, but 
to attenuate (reduce) transmission 
of frequencies above (or above and 
below) the specified transmission 
band. Specifications include a half-
width or full width at half-maximum 
(FWHM) of the transmission band, 
the transmission peak position, and 
the attenuation transmission specifi-
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cations with respect to frequency or 
wavelength.
Bandwidth: This term refers to the full 
width at half-maximum (FWHM), the 
linewidth, 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 extreme difference between 
the specified frequencies of a measured 
spectral range (that is, high versus low 
frequencies over a spectral range).
Baseline correction: Spectra taken 
with different instruments or with vary-
ing sample conditions, such as particle 
size or turbidity, may have a different 
baseline offset and curvature. Visually 
or mathematically comparing such 
spectra may require a baseline cor-
rection. These corrections are gener-
ally a single point or multipoint offset, 
a linear correction, 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. 
Linear, polynomial, or other correc-
tions involve fitting such a mathemati-
cal 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 baseline shape. 
Beamsplitter: an optical device that 
splits a beam of light in two portions.
Bias: This term is also known as data 
bias, defined as the average difference 
between a set of instrumental analyses 
and the corresponding set of laboratory 
reference values; or a set of samples 
measured using a comparison instru-
ment or analytical method. More gener-
ally, it is the average difference between 

two sets of measurements on the same 
sample or samples. There is also the 
concept of electronic bias or bias offset 
of detectors (signal strength adjust-
ment), which is not addressed here.
Bit: Abbreviation of binary digit. A 
bit is the value of the least significant 
place of a number in the binary num-
ber system. It is the smallest unit of 
information a traditional computer 
can handle. A bit corresponds to the 
output of a solid-state device, which is 
either the “0” state (usually 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 more 
accurate technique. Nevertheless, 
error does exist in such data; the mag-
nitude of the error can be assessed by 
comparing the laboratory with itself, 
or by comparing the 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 sam-
ple. 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 accuracy.
Boxcar apodization: The apodiza-
tion function applied to Fourier-trans-
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formed interferogram spectra that 
maximizes both peak height and res-
olution (band halfwidth) as compared 
to other apodization functions. It is 
the apodization function most often 
used for gas-phase infrared spectro-
photometry. It is a square waveform 
apodization function, in contrast to a 
triangular or Happ-Genzel (smoothed 
triangular function) apodization func-
tion. This will sometimes cause ripples 
as well.
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 
dielectric materials), the angle where 
the p-polarized light does not reflect 
(that is, the p-polarization light reflec-
tion equals 0) is termed the Brewster 
angle. It is also the angle that consti-
tutes perfect or 100% of the light trans-
mitted through the dielectric material. 
Bright field: Technique used for illumi-
nation of samples in light microscopes. 
White light is transmitted through the 
sample and contrast is caused by at-
tenuation of the transmitted light in 
dense areas of the sample.
Bright-Wigner-Fano (BWF): Asym-
metric line shape of a Raman band. 
Such bands are observed when the vi-
bration measured couples with other 
modes (background) whose spectral 
range overlaps with it. It is used for 
example to fit the line shapes in the 
Raman spectra of amorphous carbon. 
Brillouin scattering: This is where 
a photon incident to a medium is 
converted into a scattered photon 
of slightly lower energy, plus a pho-
non. Note that the frequency of the 
reflected (scattered photon) beam is 
slightly lower than that of the incident 

photon beam; the frequency differ-
ence corresponds to the frequency of 
the emitted phonons.

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- and y-axis measurements of 
a spectrophotometer with respect 
to a reference material of standard 
and known characteristics, such as in 
wavelength or photometric accuracy 
calibration. Product calibration is the 
process of computing an equation 
or model to fit reference laboratory 
readings to instrument readings for 
product calibrations. In spectroscopy, 
product calibrations are usually per-
formed by linear or nonlinear multiple 
regression techniques (chemometrics).
Calibration curve: The results of a 
calibration when graphed, usually with 
Cartesian coordinates, with a param-
eter such as concentration (in molar-
ity) on the x-axis, versus absorbance 
or instrument response on the y-axis. 
Developing a calibration curve or line 
often involves the application of statis-
tical regression methods. 
Calibration set: A collection of sam-
ples containing varying amounts of 
the analyte used to calibrate an instru-
ment. This collection is also referred 
to as the learning set or teaching set.
Centerburst: An interferogram has 
a centerburst, also referred to as 
the zero-path-difference (ZPD) loca-
tion. When the path of the fixed and 
moving mirror are identical in the in-
terferometer, the interferogram is at 
maximum amplitude; referred to as 
the centerburst.
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Charge couple device (CCD): A type 
of light detector mostly used in appli-
cations where low light levels are to be 
measured. See array detector.
Chemometrics: A subdiscipline of 
analytical chemistry involving complex 
overlapping molecular patterns from 
a sample chemistry  (that is, chroma-
tography or spectroscopy); also, the 
interpretation of these signal patterns 
(for example, chromatograms or spec-
tra) using a series of multivariate math-
ematical techniques in the usable form 
of computer algorithms.
Coherent anti-Stokes Raman spec-
troscopy (CARS): CARS is a non-lin-
ear Raman method and is based on 
the fact that two laser beams (pump 
and Stokes lasers) are sent simultane-
ously through a sample and there, in 
the event that the energy difference 
between the pump and Stokes lasers 
corresponds to a Raman transition, 
excite the molecules to coherent in-
phase oscillations. At the molecular 
vibrations excited coherently by the 
two laser fields, another pump photon 
is scattered inelastically, emitting an 
anti-Stokes Raman signal shifted blue 
to the excitation lasers. The frequency 
of the anti-Stokes Raman signal results 
from the energy conservation while 
the direction of the coherent CARS 
signal is determined by the wave vec-
tor conservation. The sum of the wave 
vectors of the four photons involved 
in the process must be zero to maxi-
mize the CARS signal. CARS allows 
excitation of specific molecular vibra-
tions at specific spatial locations with 
a 105 signal enhancement over con-
ventional Raman. CARS imaging may 
be completed in real time for specific 
molecular vibrations with large scatter-
ing cross sections (for example, C-H 

stretch vibrations) for image genera-
tion without the use of fluorescence or 
excitation dyes. 
Coherent Raman scattering: This is 
where the sample molecules are ex-
cited by the overlap of two lasers with 
a frequency difference set to match a 
Raman resonance in the sample mole-
cules, and therefore the molecules os-
cillate all in phase (coherently). See for 
example, coherent anti-stokes Raman 
spectroscopy (CARS).
Combination band: A vibrational 
band arising from the interaction of 
two or more vibrations of a molecule—
for example, stretching and bending. 
The new frequency for the combina-
tion band is calculated as the sum of 
the vibrational frequencies of the cou-
pled (interacting) bands (ν combined 

= ν1 + ν2). In the near-infrared region, 
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 stretching occurs from 
4550 cm-1 to 4000 cm-1 or 2200 nm 
to 2500 nm; the second combination 
region occurs from 7400 cm-1 to 6666 
cm-1 or 1350 nm to 1500 nm. Note that 
although combination bands are rela-
tively well-defined for the infrared re-
gion, Raman signals occur red shifted 
from the Raman excitation (laser) wave-
length. For Raman measurements it is 
not possible to convert absolute wave-
numbers to nanometers (wavelength). 
Raman is measured in wavenumbers 
that are relative to the frequency of 
the excitation laser.
Combination search: A method of 
selecting a subset of variables from 
a larger set by performing trial cali-
bration using different combinations 
of variables to form each subset, 
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then selecting that subset giving the 
most accurate calibration. This con-
cept is usually extended to trying all 
possible combinations of variables. 
It was most often applied to select-
ing appropriate wavelengths for mul-
tiple linear regression calibrations. 
Concentration: The amount of ana-
lyte in a given volume of sample—for 
spectroscopy this is in moles per liter 
or mass per unit volume.
Confocal optics: The term is de-
fined as two optical elements with 
an identical focus, such as a pair of 
matched spherical mirrors with a dis-
tance 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 con-
focal 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 technique is also useful for three-
dimensional structure rendition. The 
pinholes are not used as optical ele-
ments here (like in a pinhole camera) 
but simply as a spatial filter.
Constituent: Any discrete compo-
nent of a sample, more specifically, 
a component for which an instrument 
can be calibrated. 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 tendency is usually expressed nu-
merically by the correlation coefficient. 
In some fields this term is commonly 
referred to as Pearson's r or Pearson's 
correlation, named after Karl Pearson 
(1837–1936). 
Correlation coefficient: The numeri-
cal measure of correlation, as de-

scribed above. The correlation coef-
ficient must always lie between –1.0 
and +1.0. For instrument calibrations 
the correlation coefficient should be 
positive (+). The correlation coeffi-
cient is calculated from the follow-
ing expression, where there are two 
variables compared, namely X and 
Y with n being the number of data-
point pairs.  

r  
2 2

         
[1]

Correlation transform: A term used 
to describe the process of using corre-
lation statistics with multilinear regres-
sion analysis to select the optimum re-
gression equation for the sample based 
on the correlation between the analyte 
concentration and a change in spectral 
response for a particular wavenumber 
datapoint, or wavenumber region.
Counts: The measured raw signal 
used in photon detection electron-
ics relating to the analog-to-digital 
(A/D) converter signal. Most modern 
photodetectors use a 16-bit A/D elec-
tronics converter corresponding 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.
Curve resolution: One of several 
methods of deconvoluting severely 
overlapped complex spectra. Resolu-
tion algorithms reveal the individual 
Raman bands that make up the spec-
trum. Various functions are used to 
approximate the shapes of the com-
ponent spectra, including normal and 
Lorentzian curves.
Cuvette (also cuvet): A transparent 
receptacle in which samples (usually 
in solutions) are introduced into the 
light path of spectrometers. Usually, 
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the two sides are equal (for example, 
1-cm square) while the third dimension 
(height) is elongated, possibly as long 
as 15 cm. For UV work, the window ma-
terial is generally low-OH quartz. For 
visible spectroscopy, some polymers 
are used, such as polystyrene (PS) or 
polymethylmethacrylate (PMMA). The 
z-dimension is the distance from the 
bottom of the cuvet holder to the cen-
ter of the transmission beam of the 
spectrophotometer. PS or PMMA are 
not used for Raman since such poly-
mers are perfect Raman scatterers and 
will lead to huge Raman background 
signals. Perfect materials for Raman 
sample holders are calcium fluoride 
(CaF2), or quartz glass. See window 
for additional information of materials 
used for sample holders. 
Czerny-Turner: Common design of 
a monochromator. It consists of one 
plano (flat) diffraction grating combined 
with two matched concave mirrors.

D
Dark current: signal levels reported 
by the detector (CCD) when no light 
is actually reaching it. The measured 
signal is usually due to free electrons 
generated in the detector by thermal 
energy, and the dark current is the 
common source of noise when there 
is low signal.
Dark field: An illumination method 
used in microscopy that excludes the 
direct (unscattered) light from the 
image. It is usually done by illuminat-
ing the sample at a large angle relative 
to the observation direction.
Data: In spectroscopy, data indicates a 
response to a stimulus, such as Raman 
scattering at different frequencies. It 
is also defined as the collection of 
numbers representing the direct re-

sults from actual measurements, and 
upon which calculations are to be per-
formed to determine the quantities of 
interest. Common data file formats 
for analytical spectroscopy include 
AB SCIEX Data Explorer (.pkm), 
ASCII Table (.csv), Bruker (.XML), 
Excel (.xls), Finnegan (.asc), JCAMP-
DX (.dx), MatLab ( ,mat), mzData 
(.XML), PerkinElmer (.sp), Plain Text 
(.txt), Spectra-Calc, Archival, fixed 
point (.spc), Thermo Galactic (.spc), 
Thermo Scientific Nicolet (.SPA), and 
XLM marked-up text (.XML). Note 
that data formats are also used for 
hyperspectral Raman data cubes. 
These would be three- or four-di-
mensional data formats for the most 
common Raman manufactures.
Degrees of freedom (related to 
data): A measure of the number of 
independent measurements in a data 
set. In a data set to be used for cali-
brating an instrument, the degrees of 
freedom are equal to the number of 
reference laboratory measurements 
against which the instrument is cali-
brated. The final results contain fewer 
degrees of freedom than this number 
of measurements, because the cali-
bration process creates some depen-
dence between the results; there is a 
loss in 1 degree of freedom for every 
calculated parameter.
Derivatives: In spectroscopy, it is used 
to indicate first through fourth deriva-
tive or difference functions of an in-
tensity (or absorbance) spectrum with 
respect to frequency or wavelength. 
Generally, the Savitzky-Golay algorithm 
is used to create derivative spectra. 
Detector: A device sensitive to elec-
tromagnetic radiation at the frequency 
(wavelength) region of interest. The 
output of the device is usually an elec-
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trical signal proportional to the inten-
sity of the electromagnetic energy 
input. The detector generally pro-
duces an analog signal proportional 
to the radiation striking the detector 
element. This analog signal is con-
verted into a digital signal by means 
of an analog-to-digital (A/D) converter 
and amplifier circuit. See also passive 
detector and active detector. The most 
common Raman detectors are photo-
multiplier tubes (PMT), charge couple 
devices (CCD), or photodiode array 
detectors (PDA).
Difference bands: Similar to combina-
tion bands in that two or more Raman 
bands are involved. In dif ference 
bands, the observed frequency of two 
interacting bands is the difference in 
frequency between the two bands as 
defined by:

differenceν  ν  ν           [2]

Difference spectroscopy: In infrared 
difference spectroscopy, two spectra 
are subtracted one from another to 
determine spectral differences. This 
technique is quite powerful for de-
termining slight variations in com-
position when interpreting spectra; 
it also assists in identifying low levels 
of individual compound differences 
in mixture spectra. Raman difference 
spectroscopy is unique and various 
approaches are reported in the lit-
erature. The simple subtraction of 
two subsequent spectra does not 
produce simply interpretable differ-
ence spectra for Raman. Raman dif-
ference spectroscopy uses a small 
shift in the excitation wavelength, 
followed by the acquisition of two 
different spectra, which both contain 
a background fluorescence spectrum 

combined with the desired Raman 
spectrum. By subtracting the two 
acquired spectra, the background 
fluorescence spectrum is removed.
Digital: Refers to the behavior of cer-
tain devices (such as computers) that 
can only be in one of a finite number 
of discrete states. Computers can only 
be in the states associated with the 
output of the various electronic com-
ponents exhibiting voltage levels cor-
responding to the 0 state or the 1 state. 
Each such solid-state device contains 
the information for one binary digit. 
See also bit.
Dipole moment:  Any covalent, 
intermediate, or polar molecule 
containing opposite charges (+q 
and –q) separated by a distance of 
d; the magnitude of the moments 
is reported in Debye units. Note 
that Raman spectroscopy involves 
induced dipole moment. The per-
manent electric dipole moment is 
equal to the vector p = qd. If the 
charges (q i) are located at points ai, 
b i, c i, the magnitude of the dipole 
moment (Pa) is equal to:   

Pa = q id i where; d i = a i,b i,c i            [3]

Note that molecules having a large 
permanent dipole usually give rise 
to a strong infrared absorption sig-
nal and a weak Raman signal; the 
best example of this is water.
Discriminant analysis: A mathemati-
cal technique for identifying or clas-
sifying data according to previously 
defined patterns. This technique is 
sometimes referred to as qualitative 
analysis or classification analysis. 
Double-sided interferogram: An in-
terferogram has a “center-burst,” also 
referred to as the  zero-path-difference 
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(ZPD) location. When the path of the 
fixed mirror and the moving mirror are 
identical in the interferometer, the in-
terferogram is at maximum interference. 
The centerburst may be placed any-
where 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).

E
Eigenvector: A nonzero vector used 
for the dot product solution in a matrix 
multiplication. For example, principal 
components are eigenvectors, as is a 
regression vector. 
Electromagnetic spectrum: The 
continuum of frequencies that con-
tains electromagnetic radiation. In-
struments measure the intensity of 
radiation within a defined range of 
the spectrum, and usually present 
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 ener-
getic and highest frequency) to radio 
waves (least energetic and lowest fre-
quency). The spectrum is expressed 
in terms of wavelength, wavenumber, 
frequency, or energy. See also unit 
conversions for photon energy. 
Electronic Raman spectroscopy: 
When an external electromagnetic 
wave (electronic field), such as laser 
light, is applied to the bond elec-
trons within a molecule, an electronic 
transition can occur that is different 
from a vibrational transition. This 
electronic transition results in inter-
band electronic Raman scattering, 

which is observable and different 
from that of vibrational transition 
Raman scattering.
Etendue: The etendue is the relative 
throughput advantage for an optical 
system. It is calculated as the product 
of the potential illuminated surface 
area times the solid angle of the op-
tical system. It is an indicator of the 
relative efficiency (or throughput) of 
an optical system. 
Evanescent field: The light field cre-
ated at the boundary of two different 
media when light undergoes total in-
ternal reflection in the denser medium. 
In microscopy the evanescent field has 
applications in generating super reso-
lution images. Note that evanescent 
field plays an important role in SERS, 
namely the evanescent field gener-
ated by localized surface plasmons; 
see also surface-enhanced Raman 
spectroscopy (SERS).
Extinction and extinction coeffi-
cient: Words sometimes substituted 
for absorbance and absorptivity, re-
spectively. These terms are more com-
monly  used in physics.

F
F# (F-Number): Characteristic of an 
optical system. It is the ratio of the 
focal length to the diameter of the 
entrance pupil. It directly relates to 
the light gathering and the depth of 
field properties of an optical system.
Fano (Breit-Wigner-Fano) resonance: 
A resonant scattering that produces an 
asymmetric line shape. It is due to an 
interference of the resonant scattering 
process with background modes. 
Far-field Raman spectroscopy: This 
is a term that is sometimes used as a 
synonym for the term of spontaneous 
Raman spectroscopy. 
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Fermi resonance: In its simplest defi-
nition, for infrared and Raman spec-
troscopy it is a fundamental vibration 
coupled with an overtone (harmonic) 
band, or combination band at the 
same frequency, to create two strong 
bands where only the fundamental is 
anticipated. These two strong bands 
occur at both higher and lower fre-
quencies than the fundamental band. 
Only certain combinations are allowed 
and are, for example, observed in car-
bonyl (C=O)-containing compounds. 
Fermi resonance causes the splitting 
of two vibrational bands having nearly 
identical symmetry and energy, such 
as the fundamental 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 
strong and weak bands thus combine 
into two strong bands. Note that am-
monia has a strong Fermi resonance.
Field: In database management, a 
section of a record in a file that con-
tains the same type of information as 
the corresponding section in other re-
cords in the same file. The term also 
refers to a variety of fields in physics 
such as electronic, magnetic, and 
gravitational. According to  Merriam-
Webster’s definition a “field” is “a re-
gion or space in which a given effect 
(such as magnetism) exists.”
Filter: A device used to attenuate 
particular wavelengths or frequencies 
while passing (transmitting) others 
with relatively little change. There is 
electronic filtering (digital signal pro-
cessing [DSP]), and physical optical 
filters. Optical filters include: inter-
ference filters with narrow or broad 
pass bandwidths, filters that pass 
high-range wavelengths (high pass), 

or low-range wavelengths (low pass), 
and neutral density filters that pass a 
specific level of energy over a broad 
wavelength range. There are also spe-
cial filters, such as linear variable filters 
(LVFs), which pass specific bandwidths 
of energy simultaneously. Another op-
tical filter type is multivariate optical el-
ement (MOE) regression filters, which 
are special filters that resemble the 
regression b vector from a calibration 
and thus produce a final prediction of 
a constituent from an optical signal. 
Fingerprint region: The wavenum-
ber region from 1500 cm-1 to 500 
cm-1 often attributed to bands from 
the bending molecular vibrations. 
The bands in this spectral region rep-
resent 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. 
Fluorescence: Fluorescence is the 
spontaneous emission of light shortly 
after the excitation of a material by 
an electron transition. The fluores-
cence photons are usually lower in 
energy than the excitation photons 
(= Stokes shift).  The fluorescence 
typically has a lifetime (or duration) 
of nanoseconds (10−9 s) per transition. 
A fluorescence spectrophotometer 
normally has an excitation monochro-
mator that defines the excitation en-
ergy, and an emission monochroma-
tor that provides a full spectrum of 
the fluorescence emission. Note that 
fluorescence is the most common in-
terference in Raman spectra and that 
fluorescence is a strong background 
interferent of Raman scattering. Often 
the much stronger fluorescence masks 
the weaker Raman signal. This is often 
true for resonance Raman and also for 
heterogenous biological or mineralog-
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ical samples. Also traces of impurities 
can lead to fluorescence masking the 
Raman signal.
Fourier transform: A mathematical 
operation in which a curved repetitive 
function is described in terms of the 
sum of sine and cosine waves. A con-
version from a time domain interfero-
gram to a frequency spectral domain 
occurs when using this transformation. 
In spectroscopy, an interferogram is 
taken from a sample measurement in 
the time domain and converted into 
a spectrum in the frequency domain. 
This conversion is completed for both 
sample and reference interferograms, 
which are then processed and ratioed 
to produce an I/Io spectrum. 
Frequency: Frequency as ν (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:

n
              

[4]

Where ν (nu) is the frequency of 
l ight ,  n  i s  the ref rac t ive index 
of the medium the light is pass-
ing through (for example, the re-
frac tive 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).
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 spectral 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).
F-value: A ratio of variances, usually 
used to determine if one of the vari-
ances is due to the same cause as the 
other. In regression analysis, a partic-
ular F-value (that is, the mean square 
due to regression divided by the mean 
square due to error) has the secondary 
meaning of giving an indication of the 
robustness of the regression. The F-
value is testable against a critical value 
of the F-distribution to determine if 
the result is significant or not.
FWHM: Full width at half maximum. 
Often used as a spectral line charac-
teristic. It is the width of the spectrum 
line measured between two points 
that are half the maximum intensity. 

G
Gaussian: Spectral line shape. In 
Raman spectroscopy line shape is 
normally observed when the band is 
a result of an overlap of normal dis-
tributed modes (for example, Raman 
modes Doppler shifted by a velocity 
normal distribution in hot gasses). 
It is also a good approximation for 
Raman band shape analysis when 
the instrument influence is large (for 
example, the slit function in a disper-
sive spectrometer is Gaussian). Note 
that non resonant Raman peaks usu-
ally exhibit a Voigt profile, which is 
a convolution of a Lorentzian and a 
Gaussian shape. Lorentzian shape is 
the imaginary part of a Raman reso-
nance and is Gaussian due to the 
spectrometer function. Gaussian 
line profiles are usually observed for 
resonance Raman.
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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. 
Grating: A reflective surface cov-
ered with evenly spaced, microscopic 
grooves, whose purpose is to separate 
individual wavelengths from broad-
band energy. The distance between 
grooves and the angle of the faces de-
termines how the wavelengths are sep-
arated. The grating (except for diode 
arrays) is rotated at a set angle and 
speed and the desired wavelength is 
diffracted through an exit slit onto the 
sample and detector (or detectors). 
It is used to disperse light of various 
wavelengths and orders from its sur-
face. It disperses zero order as specu-
lar reflected light, and first, second, 
and higher orders as diffracted light. 
When the diffracted light interacts in 
a phonon effect it decreases the energy 
dispersed from the surface, resulting in 
a phenomenon termed Wood’s anom-
aly (see this term for more information). 
Grating spectrometer: A spectrom-
eter that uses a grating for the diffrac-
tion of light and the resulting disper-
sion of light into various wavelengths. 
This is often termed a  monochromator, 
meaning an instrument able to resolve 

“one color,” one wavelength, or a single 
limited set of wavelengths.

H
Harmonic bands: A synonym for over-
tone. For infrared these bands repre-
sent multiple harmonics of the funda-
mental vibrations for molecular bonds 
and are found at integral multiples of 

the fundamental band frequencies. For 
example, a first overtone band occurs 
at twice the frequency of the funda-
mental band, and the second overtone 
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 approximation, with a pro-
portional higher shift in frequency and 
reduced amplitude in the spectrum 
with an increase in harmonic number. 
Due to anharmonicity the measured 
overtone frequencies for infrared 
spectra are slightly lower than their cal-
culated or theoretical values due to the 
anharmonic influence (negative energy 
impact). In experimental Raman spec-
tra the exact multiple frequencies for 
harmonic bands do not precisely occur 
at the frequency indicated by the har-
monic oscillator approximation.
Highpass filter (or longpass filter): A 
dielectric layered composite filter that 
enables energy above a certain cut-
on wavelength or frequency to pass 
at nearly 100% transmission, whereas 
energy at wavelengths or frequencies 
below the cut-on wavelength will not 
pass or is nearly 0% transmissive. 
Histogram: A plot of the frequency 
of occurrence of sample values within 
the subranges of the range of values 
of the data. Histogram bars touch (are 
adjacent), whereas bar graph bars do 
not touch (are not adjacent).
Holographic grating: A grating made 
by using a holographic process where 
a photoresist is placed on an optical 
surface such as a glass blank. A series 
of interference fringes corresponding 
to the grooves of the desired grating 
model are recorded on this photosen-
sitive layer by projecting a hologram 
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of light and dark lines. Subsequent 
chemical treatments are used to erode 
either the exposed or unexposed pho-
toresist material (there are different 
types of treatments such as positive 
and negative photoresist processes) 
on the surface to produce a grooved 
diffraction grating of specified groove 
shapes and lines per millimeter.
Hotband: A hotband results when 
an already excited vibrational band 
is further 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 vibra-
tion is the most common as defined 
using the Boltzmann distribution. The 
Maxwell-Boltzmann distribution law 
further states that the distribution of 
these hotband transition bands is de-
pendent upon the Boltzmann constant 
and the temperature in degrees Kelvin 
(K). A hotband often manifests itself as 
a shoulder on the low-frequency side 
of a Raman or infrared band.
Hydrogen bonding: Hydrogen bond-
ing within a molecule and between a 
solvent and a solvated molecule mani-
fests as changes in the force constants 
of the X-H bonds. Generally, molecu-
lar bands will shift in frequency and 
broaden as a result of the formation 
of hydrogen bonds. Since combination 
bands result as the summation of two 
or more fundamental vibrations, and 
overtones 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 corresponding funda-
mentals. The reason for this greater 
effect is that harmonics have weaker 
bond energies relative to the hydro-

gen bonding and have greater anhar-
monicity. This feature of vibrational 
spectra alerts one to the importance 
of the relative hydrogen bonding ef-
fects brought about by solvent and 
temperature variations.
Hyperspectral imaging: The collec-
tion of multiple spectra into a three-di-
mensional data hypercube consisting 
of wavelength (frequency), amplitude, 
and either time or spatial dimension 
scanning (as the third dimension). For 
example, a moving sample may be 
measured by having a fixed linear array 
sensor with the third dimension being 
the sample measured over time. The 
data cube may also be constructed by 
moving the sensor over a stationary 
surface to gather a set of spectra for 
each line area of a surface. Array de-
tection is often involved in generating 
hyperspectral images; either by means 
of linear arrays or by using rectangular 
arrays. Raman imaging typically gener-
ates a hyperspectral data cube repre-
senting a complete Raman spectrum 
per each pixel.

I
Imaging spectrometer: The same 
basic instrument as a typical spec-
trometer with specialized optics 
added to be able to project spectral 
images across a linear array or two-
dimensional array detector system, 
with extra care taken to avoid optical 
aberrations such that the full detector 
area can be used for such data collec-
tion. Using the entire detector allows 
rapid hyperspectral data collection 
and measurements.
Indicator variable: A variable used in 
regression analysis to allow the inclu-
sion of information that cannot other-
wise be expressible numerically. Gen-
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erally, they are assigned a 1 or a 0 to 
indicate the presence or absence of a 
particular condition. Examples could 
include which of two operators pre-
pared a sample, what instrument was 
used to measure the sample, the type 
of solvent used, average particle size 
range of sample, and so forth.
Induced dipole: The ratio of the in-
duced dipole moment to the applied 
field is called the polarizability α of the 
molecule, and the induced dipole μ 
on an atom is the product of the total 
electric field E and α following the re-
lationship μ = αE. When an induced 
distortion of the electrons within a 
molecular bond occurs, the Raman 
scattering phenomenon is observed. 
The induced distortion is momentary 
and causes a dipole and is temporar-
ily polarized. From its distorted state 
the molecular bond returns to a nor-
mal state and the energy is reemitted 
as Raman scatter. An induced dipole 
scatters light at the optical frequency 
of the bond vibration. The dipole mo-
ment itself is a separation of positive 
and negative electronic charges within 
a molecular bond.
Intensity correction: A correction 
of the y-axis (intensity) for Raman 
spectra in which a standard lamp or 
a standard reference sample is used 
in combination with a polynomial fit 
across the entire wavenumber axis to 
standardize the intensity measure-
ments of any Raman spectrometer. It 
is analogous to a photometric cor-
rection accomplished for absorp-
tion spectroscopy. It is also used to 
correct and measure the output of 
spectrometer lamps. 
Interface: A junction or connection. 
For example, a computer input–
output (I/O) inter face. Also, the 

junction between air or sample and 
an optical element. 
Interference filter: A physical or op-
tical filter that controls the spectral 
composition of radiant energy pass-
ing through it by the effects of inter-
ference. Frequently these filters are 
made up of thin layers of metals and 
dielectrics, and provide narrow band-
pass and high transmittances.
Interferogram: A wave pattern cre-
ated using an interferometer where 
waves are superimposed and later 
interpreted to compute a pattern of 
amplitude versus frequency for a mea-
surement of light interaction with ma-
terials. For Raman, this interferometer 
pattern is interpreted using a Fourier 
transform to compute a Fourier trans-
form FT-Raman spectrum.
Interpolation: A method used to 
provide 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 inter-
polation. Note that the interpolation 
may provide fixed data intervals, but 
the missing data points cannot be 
reconstructed exactly, and peak posi-
tions may be quite different for sparse 
interpolated data versus denser higher 
resolution interpolated data. 
Interval: The difference in wavelength 
between two adjacent wavelengths 
over which optical data are collected.
Isotope shift: The change or displace-
ment in position of vibrational bands 
resulting from the different masses 
of the isotope atoms in a molecule. A 
commonly used example is to com-
pare the spectra of hydrogen and deu-



26  TERMINOLOGY GUIDE   February 2020 www.spectroscopyonline.com

terium within a molecule. The isotope 
shift is directly related to the isotope 
mass number differences between the 
atoms involved.
Isotropic: A reflection property for 
which the energy is equivalent for all 
positive angles of reflection. 

K
Kramers-Kronig transformation: A 
mathematical transform to adjust in-
frared absorbance spectra from reflec-
tance into absorbance spectra gener-
ated using transmission spectroscopy. 
This transformation is required for 
quantitative or qualitative comparison 
of reflection and transmission spectra. 
In general, the Taylor series or Ma-
claurin series is used to compute the 
Kramers-Kronig transformation. Kram-
ers Kronig is also relevant for Raman 
spectroscopy, namely for CARS. It is 
used to extract the Raman resonant 
susceptibility from the spectral CARS 
profiles which are comprised of the 
Raman resonance part and the non-
resonant contribution.
Kubelka-Munk function: A series of 
mathematical expressions derived 
to relate absorbance and scattering 
properties of a reflecting medium to 
the concentration of an absorbing ma-
terial in that medium. The original work 
was begun by A. Schuster in 1905 in 
the Astrophysical Journal. 

L
Laser: An abbreviation for light am-
plification by stimulated emission of 
radiation. Lasers are used in a variety 
of ways for molecular spectroscopy, in-
cluding diode lasers for alignment of 
Michelson interferometers, for spec-
trometer sources, and for fluorescence 
or Raman excitation. For Raman spec-

troscopy, lasers are used to produce 
the Raman effect as inelastic scatter-
ing collisions of light energy with the 
various atoms forming chemical bonds 
in molecular structures. For Raman 
spectroscopy it is essential to have 
a monochromatic continuous wave 
(CW) laser. Lasers are useful in Raman 
spectroscopy because they are highly 
monochromatic and have a high pho-
ton flux. The excitation laser sources 
used may be gas lasers or diode la-
sers of relatively low power and con-
stant frequency. Common Raman laser 
types include: visible (laser diode), 455 
nm; visible (laser diode), 514 nm; vis-
ible (laser diode), 532 nm; helium-neon 
laser (He:Ne), 632.8 nm; visible (laser 
diode), 785 nm; and neodymium yt-
trium aluminum garnet (Nd:YAG) laser, 
1064 nm. Note that the complete elec-
tromagnetic spectrum from deep ul-
traviolet (UV) to the near infrared (NIR) 
has been used to excite Raman spec-
tra. The selection of the optimum laser 
frequency depends on the application. 
For example, in biological specimens 
a 785 nm laser is optimal for suppress-
ing the fluorescence background and 
still having acceptable scattering ef-
ficiency; for mineralogical samples, 
deep UV (below 250 nm) is the best 
laser wavelength choice.
Learning set: see teaching set.
Least squares fit: A descriptive name 
for regression analysis. A mathemati-
cal technique used for choosing the 
coefficients of a linear equation—that 
is, one of the form 

Y’ = B0 + B1X1 + … + BnXn      [5]

Where Y’ is the dependent or esti-
mated variable (that is, analyte or 
parameter concentration for a sam-
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ple spectrum), B0 is the intercept, 
the Bn variables are the regression 
coefficients, and the Xn variables 
are the independent variables (that 
is, spectral data). For this equation, 
the sum of the squares of the dif-
ferences between the reference 
analyte values (Y ) and the spectro-
scopic estimated values (Y’ ) into the 
resulting equation is minimized.
Lens: A transmissive optical element 
that focuses or disperse light by 
means of refraction.
Limit of detection (LOD): Lowest 
amount of analyte that may be seen 
above the noise level of the instru-
ment; it is generally estimated at 
three times the root mean square 
(RMS) noise level above the zero sig-
nal for specific measurement condi-
tions. For Raman spectroscopy the 
limit of detection is not particularly low 
compared to fluorescence signals be-
cause the general problem of Raman 
is its intrinsically weak scattering cross 
sections (the signal is 6 to 10 orders of 
magnitude lower than fluorescence). 
However, Raman scattering can be 
strongly amplified by placing sample 
molecules near the surface of specific 
signal enhancing substrates; for exam-
ple, surface-enhanced Raman scatter-
ing (SERS), in which case the LOD is 
much reduced (signal is increased).
Linear: Straight line. In context, a lin-
ear relationship means that for a dou-
bling of the analyte concentration, the 
signal will double. This relationship al-
lows the most accurate prediction of 
unknown analyte composition from 
spectral measurements.
Linear response: Straight-line re-
sponse between concentration and 
measured signal. In context, a linear 
response means that for a doubling 

of the analyte concentration, the de-
tectable and measurable signal will 
double. This type of response allows 
a linear calibration model or equa-
tion to be used to determine the 
accurate concentration of analyte 
through a range of absorbance or 
Raman intensity levels.
Linearity: An experiment demon-
strating that the response of an in-
strument changes in a predictable 
and linear fashion with increasing 
analyte concentration.
Lorentzian: Spectral line shape of a 
typical Raman band, typically narrow 
in the center but with broad wings.
Lowpass filter: A dielectric composite 
filter that enables energy below a cer-
tain cut-off wavelength or frequency to 
pass at nearly 100% transmission; energy 
from wavelengths or frequencies above 
the cut-off wavelength will not pass 
where the filter is nearly 0% transmissive.

M
Mass storage: Used to refer to infor-
mation storage devices other than the 
internal memory of the computer. Usu-
ally means disk, solid-state drive (SSD), 
or cloud storage. 
Mathematical pretreatments: Math-
ematical procedures used to relate 
spectral data to concentration in an 
attempt to produce results deemed 

“improved”. These treatments empiri-
cally are used before multivariate vari-
able selection and equation-solving 
algorithms. Kubelka- Munk, baseline 
correction, standard normal variate re-
duction, normalization, mean center-
ing, difference spectra, and derivative 
spectra are the most common pre-
treatments in use.
Matrix: Any rectangular array of num-
bers. By predefining certain types of 
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mathematical operations such as ma-
trix operations, complicated algebraic 
manipulations can be expressed in a 
simple notation of rows and columns. 
Also refers to a sample type.
Maxwell-Boltzmann distribution: A 
probability distribution characteristic 
among others for systems at thermal 
equilibrium (for example, oscillators dis-
tribution on discrete vibrational levels).
Mean: The algebraic average (x-bar) 
of a list of numbers. The sum of: Xi for 
i = 1 to n divided by n.

i i
              

[6]

Mean corrected standard error of 
prediction (SEP): A measure of the 
accuracy of a set of instrumental analy-
ses after correcting for bias between 
the set of instrument predictions and 
the corresponding set of reference 
laboratory results. This measure-
ment involves a set of samples with 
known reference data but that were 
not included within the calibration 
teaching set. The mean corrected 
SEP may be calculated as the stan-
dard deviation of the dif ferences 
between the predicted results and 
reference laboratory results. 
Mean drift: The average systematic 
(unidirectional) change over time of an 
instrument measurement of a primary 
standard (or known) reference material.
Mean subtracted spectrum: For a 
set of two or more spectra, the mean 
spectrum of the set is subtracted from 
each spectrum leaving a residual spec-
trum for each spectrum (mean center-
ing). This process centers the data or 
spectra—that is, it gives a residual 
spectrum relative to the average spec-
trum. Thus, those spectra most differ-

ent from the mean spectrum will stand 
out as having the largest residual spec-
tra with the most different features. 
The process uses vector operations. 
Menu: A method of presenting the 
computer’s requirements for operator 
input that presents the available choices 
to the operator, and asks for the selec-
tion of choices desired. It is a portion of 
the graphical user interface (GUI). 
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 in units of nanometers (10-9 
m) for ultraviolet through near-infrared 
spectroscopy. The use of angstrom (Å, 
10-10 m) is uncommon in modern spec-
troscopic terminology. 
Microscope objective: Front optical 
element in a microscope that gathers 
or brings light from or to the object 
being observed.
Mirror: Surface with specular reflec-
tion properties over the energy fre-
quencies used.
Molecular vibration: Molecules do not 
remain still; the atoms composing a mol-
ecule are in continuous motion with re-
spect to one another. These movements 
can be classified into distinct 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 frequen-
cies of a macroscopic mass-and-spring 
model for each molecule and bond type, 
approximating Hooke's law. 
Monochromator: An optical device 
that transmits a selectable narrow 
band of wavelengths of light chosen 
from a wider range of wavelengths 
available at the input, meaning that 
a single color or wavelength is being 
selected at a time. 
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Multifile: A single file that incorpo-
rates multiple spectra used with some 
software packages, such as Grams 
and eFTIR. 
Multiplicative scatter (or signal) 
correction (MSC): This correction 
method provides some mitigation 
of the reflection scattering phenom-
enon by regressing the individual 
spectrum to the mean spectrum 
for a collection of spectra, for both 
calibration and prediction datasets. 
The identical mathematical treat-
ment must be completed for both 
the calibration and the prediction 
sets. When conditions or datasets 
are changed the algorithm is re-
computed for the entire sets. The 
algorithm assumes that the ideal 
spectrum is the mean spectrum. 
MSC approximates a regression es-
timate of the mean spectrum with 
the remaining unexplained residual 
spectrum representing the spectral 
dif ferences between the spectra 
within a set. This residual difference 
is assumed to contain much of the 
chemical information differences be-
tween samples in the spectrum set. 
Multivariate mathematics: The 
branch of mathematics that deals 
with data that change in multiple ways 
(that is, multiple variables or response 
factors) with respect to a single de-
pendent variable (reference analyte 
value). Multivariate methods include 
regression (multiple linear regression 
[MLR], principal components regres-
sion [PCR], and partial least squares 
regression [PLSR]), variance analysis 
(VA), factor analysis (FA), component 
analysis, cluster analysis, neural net-
works analysis (NNA), support vector 
machines (SVM), classification, and 
discriminant analysis.

N
Noise: The random component of a 
set of measurement data, caused by 
the uncontrollable phenomena that af-
fect 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 
measurements.  
Normalization: This term has at least 
two distinct meanings in spectro-
scopic methodology. The first mean-
ing refers to division of each point in 
a spectrum by the spectrum y-axis 
standard deviation so that each spec-
trum is given the same weight when 
used for calibration. In this first defini-
tion, normalization refers to division 
of each data point in the spectrum 
by a correction factor (for example, 
pathlength, area, standard deviation, 
reference band intensity, or multipli-
cative signal correction). The second 
meaning refers to the use of spectra 
for discriminant analysis, and is the 
method used to make the multidi-
mensional size of the data from each 
sample type the same. The simplest 
normalization divides the spectrum 
by the maximum y-axis value, so that 
all spectra show relative intensity val-
ues from 0 to 1.
Notch filter: see also bandpass filter. 
Notch filters were the invention that 
triggered the renaissance of Raman 
spectroscopy because these opti-
cal filters allowed for low cost and 
practical suppression of the elas-
tic scattered light (from the laser). 
Before notch filters were readily 
available the suppression of the 
Rayleigh scattering had been per-
formed using complex double or 
triple monochromators with mul-
tiple slits.
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Numerical aperture (NA): Character-
istic of an optical system (such as a 
microscope objective) that defines 
any optical design the solid angle 
over which light can be collected 
or emitted.

O
Online: A term used to describe in-
strumentation that chemically quanti-
fies or qualifies materials in real time 
(as they are produced), making mea-
surements on the production line. 
Optical fiber: An optical transparent 
fiber made of glass (or plastics) used 
to transmit light with very low energy 
losses. It makes use of internal total 
reflection of light at the boundary be-
tween the fiber core and cladding.
Order-sorting filter: A diffraction 
grating creates multiple orders of 
spectra from its surface. As more than 
one spectrum is created, those spectra 
beyond the first order (that is, second 
order and higher) overlap with one an-
other. Order-sorting filters remove the 
wavelengths above and below the de-
sired measurement wavelength. They 
are also termed high-pass and low-
pass filters as the designation for which 
wavelength region they are transpar-
ent to. The filter is placed in front of 
a broadband detector, and only the 
wavelengths permitted through the 
filter are measured. The other disper-
sion orders are eliminated. 
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:

t p eo oP     [7]

where to and p o represent the 
scores and loadings for the or-
thogonal component and e  the 
residual.  By removing the Y-or-
thogonal variation from the data 
via X – topo', OSC maximizes cor-
relation and covariance between 
the X and Y scores to achieve both 
good predic tion and interpreta-
tion. There are several OSC algo-
rithms 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 data set; it is es-
sentially from a different population. 
There are statistical tests to examine 
suspected outliers, such as Dixon’s 
Q test. 
Overtone: A term used to describe 
molecular bands found at multiple 
frequencies of the fundamental fre-
quency. They are usually close to, but 
for quantum mechanical reasons, not 
exactly integer multiples of the funda-
mental frequency. Note that Raman 
bands are not absorbance bands. 
Overtones play an important role in 
resonance Raman spectroscopy be-
cause scattering via a real electronic 
eigenstate leads to an efficient exci-
tation of overtones and also leads to 
combination bands with high intensi-
ties. Also see harmonic bands.

P
Parity: An extra bit added to a group 
of data bits as an error-detection 
scheme. The parity bit is set to either 
0 or 1 so that the total number of bits 
in the group (including the parity bit) 
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that is set to 1 is either even or odd. 
Any error that occurs will most likely af-
fect only one bit; thus, after the error 
occurs, the wrong number of bits will 
be set to 1.
Passive detector: A sensor that de-
tects infrared energy when present. It 
consists of a front face and an inter-
nal pyroelectric thin film material that 
generates an electronic signal when 
exposed to radiant energy or heat. 
Typical materials for passive detec-
tors include cesium nitrate, cobalt 
phthalocyanine, gallium nitride, and 
polyvinyl fluoride.
Pathlength: The distance the light 
passes through the sample in its 
holder before detection. In practical 
terms, the inside dimension of the 
cuvette or sample holder. For trans-
flectance, the optical pathlength is 
2.5–3 times the mechanical path-
length. In Raman measurements, the 
physical pathlength is considered in-
finite, because the Raman intensity is 
determined by the matrix chemistry 
and its scattering properties relative 
to the excitation laser wavelength 
and power.  Note that for Raman the 
pathlength or interaction length are 
important and useful for different 
applications, note for example a hol-
low core fiber filled with an analyte 
for very long pathlength (interaction 
length) measurements.
Peak position: The peak position is 
the center wavelength or frequency 
position (that is, center of mass or 
maximum transmittance or absor-
bance for a spectral band or a band 
created using an interference transmit-
tance filter). It is most often the center 
of the band of frequencies transmit-
ted by a bandpass filter or the center 
wavelength of an absorbance band.

Peltier cooling: A cooling method 
based on the thermoelectric effect. 
It is largely employed to cool the 
sensitive light detectors (CCDs) as 
a solid-state replacement of much 
more technically demanding cooling 
using liquid nitrogen. 
Phase correction: An interferogram 
inherently contains out-of-phase 
portions because of the optical path 
variation within an instrument. If these 
portions are not corrected, the pho-
tometric intensity of the spectrum will 
not be accurate. A phase correction 
using the Mertz method is often ap-
plied to correct the phase and make 
the spectrum accurate in the photo-
metric axis.
Photodiode: A semiconductor-based 
light detector.
Photomultiplier: Vacuum tube for 
measuring very low light levels.
Photon energy: Photon energy as 
Ep is given by Ep = hν or Ep = hcν. 
In this notation h is Planck's con-
stant (or 6.6256 × 10-27 erg-s; and 
ν (nu) is the frequency of light, also 
known as hertz (Hz) or the number 
of vibrations per second, in units 
of s-1;  is the wavenumber units as 
cm-1 (that is, the number of waves 
per centimeter), and c is the veloc-
ity of light in a vacuum (or 2.9979 
× 1010 cm/s).
Pinhole: In optics usually a very 
small aperture used for spatially 
filtering light. It can also be used 
for lensless imaging at the expense 
of light throughput.
Plasmon: Plasmons are described as 
a charge-density oscillation occur-
ring in a plasma. This can also be de-
scribed as a quantum oscillation of free 
electrons with respect to the positive 
ions in a metal. Plasmons are active in 
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demonstrating the optical properties 
of metals and semiconductor material 
physics. Frequencies of light below 
the plasma frequency are reflected by 
a metal, whereas frequencies above 
the plasma frequency are transmit-
ted by the metal. In most metals, the 
plasma frequency resides in the ultra-
violet frequencies, a property which 
makes metals reflective or shiny in ap-
pearance within the visible spectral re-
gion. This term is related to SERS since 
plasmon resonances play a critical role 
for Raman signal enhancement in the 
SERS phenomenon.
Poisson distribution: Statistical dis-
tribution specific for phenomena like 
photon time arrival at the detector, or 
noise distribution in the detector.
Precision: A measure of the agree-
ment of multiple readings (measure-
ments) of a sample with each other, 
generally expressed as the standard 
deviation of multiple readings under 
the specific measurement conditions. 
Prediction: The calculated value of a 
constituent or parameter in a sample 
based on the calibration derived from 
the training set. The prediction sam-
ples are most often not included within 
the calibration or training set.

Q
Quantum efficiency: Characteristic of 
a light-sensitive detector that specifies 
what percent of the incoming light is 
actually transformed in an electrical 
signal (charge) in the detector.

R
Raman ef fect:  A l s o  k n ow n a s 
Raman scattering , is an inelastic 
scattering of photons on a quan-
tized atomic or molecular system 
via a short-lived virtual state. The 

quantized system can be electronic 
states of atoms or molecules, ro-
tational levels of molecules, or vi-
brational levels of molecules. This 
scattering phenomenon can be il-
lustrated 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 
applying to absorption spectros-
copy. The Raman effect is demon-
strated when a high flux of photons 
strikes an atom or molecule and an 
inelastic collision occurs between 
the excitation photons and the atom 
(or atoms). This collision causes both 
an increase (anti-Stokes shift) and 
decrease (Stokes shif t) in photon-
radiated (or scattered) energy. The 
discovery of the Raman effect was 
made by C.V. Raman and K.S. Krish-
nan in 1928.
Raman intensity function: To derive 
a theoretical Raman intensity ex-
pression, the field is treated clas-
sically via the Maxwell equations 
while the molecular polarizability 
is treated quantum mechanically. 
A simplified way of evaluating the 
empirically measured Raman inten-
sity (IR) or amplitude of the Raman 
scattered signal at any particular 
frequency (or wavelength or wave-
number) is determined by several 
variables, such as the spectrometer 
throughput (τ), the self-absorption 
of the sample (α ),  the Rayleigh 
scattered radiation (ρs), the excita-
tion laser intensity (I0), the Raman 
scatter (Rs) of the molecule being 
measured at the frequency mea-
sured, the ef fective optical path-
length or LE (ac tual pathlength 
where Raman scattering is occur-
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ring), and the number of molecules 
encountered by the beam path of 
the measuring Raman instrument 
(as c  or concentration in Mole · 
Liter-1). It is assumed that a change 
in spectral response is related to a 
concentration as described by the 
Raman relationship. A more com-
plete description of the resultant 
measured Raman intensity (IR) as 
Raman scatter (Rs)with its depen-
dency on the frequency of energy 
used (Greek nu as ν) may be de-
scribed as:

R ν ν Sν Sν E0α [8]

Raman polarizability: When an exter-
nal electromagnetic wave (electronic 
field), such as laser light, is applied to 
the bonds within a molecule, and the 
molecular bond charge distribution 
and polarizability is distorted from its 
normal shape during the vibrational 
motion of the molecule, the bonds of 
the molecule are Raman active. When 
the bonds within the molecule return 
to their normal state, the energy is 
reemitted as Raman scatter. The polar-
izability measures the ease with which 
the electron cloud around a molecule 
can be distorted. 
Raman rotational spectroscopy: For 
this phenomenon to occur (selec-
tion rule), a molecule must be an-
isotropically polarizable. The term 
anisotropically polarizable means 
that the specific electron distribu-
tion within the molecule, caused by 
an external electromagnetic wave 
(elec tronic f ie ld ),  such as laser 
light, must be dependent upon the 
orientation of the molecule within 
the electronic field. Molecules that 
do not meet this criteria are spheri-

cally symmetric, such as CH4. Linear 
symmetric molecules, such as N2, 
H2, CO2, do meet this criteria and 
so these do have rotational Raman 
spectra, even though they do not 
have permanent dipole moments.
Raman spectral features: Prominent 
bands for Raman include acetyle-
nic C≡C stretching, olefinic C=C 
stretch at 1680–1630 cm-1; R-N=N-
R' (azo-) s t retching, S -H (thio-) 
s tretching, C=S stretching, C-S 
stretching, S-S stretching bands, 
and CH2 wagging and t wis t ing 
bands. Also, CH2 twist and wag-
ging, carbonyl C=O stretch asso-
ciated with esters, acetates, and 
amides;  C- Cl  (ha logenated hy-
drocarbons) stretching, and -NO2 
(ni t ro - or ni t r i te)  s t retching. In 
addition, Raman yields informa-
tion content of phenyl- containing 
compounds at 1000 cm-1. Organic 
and inorganic materials generally 
exhibit unique and identi f iable 
Raman spec tra. Spec tral bands 
that are strong in infrared but weak 
in Raman include: O-H, N-H, and 
C-F stretching, as well as C-H out-
of-plane bending.
Raman spectroscopy: Raman in-
tensity includes light-scattered data 
collected as a function of frequency. 
Frequency adjustment of the scat-
tered data relative to the excitation 
frequency yields the Raman spectrum. 
Raman spectroscopy can be used for 
a variety of measurements on samples 
that are aqueous in nature or where 
glass sample holders are present. Car-
bon dioxide, water, and glass (silica) 
are weak scatterers and thus generally 
no interference is encountered in ana-
lyzing samples having these proper-
ties. Typically, no sample preparation 
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is required in Raman measurements. 
Raman spectroscopy is complemen-
tary to mid-infrared spectroscopy in 
the direct measurement of fundamen-
tal molecular vibrations. The typical 
spectral range for laboratory Raman 
spectroscopy is 3800 cm-1 to 200 cm-1, 
with the Stokes shift region specifically 
denoted as the region from 3500 cm-1 
to 50 cm-1.
Raman vibrational spectroscopy: 
The majority of Raman applications 
probe the vibrational states of mol-
ecules and that is why the expres-
sion Raman spectroscopy is often 
used synonymously with Raman 
vibrational spectroscopy. This term 
relates to Raman spectra, comple-
mentary to infrared spectroscopy, 
when used to determine the vibra-
tional modes of molecular bonds. It 
is noted for Raman that electronic 
and rotational modes of molecules 
may also be observed. Raman vi-
brational spectroscopy measures 
the vibrational energy levels within 
a molecule. This inelastic scatter-
ing (Raman effect) occurs as a pho-
ton interacts with functional group 
bonds of a molecule and is energy 
scat tered f rom the molecule is 
shifted to higher or lower frequency.
Range: The difference between the 
highest and lowest values of a con-
stituent in a sample set, or between 
highest and lowest values of a dataset 
or spectral region. 
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 noise.

Rayleigh scattering: Rayleigh light 
scattering is an elastic scattered 
light interaction between energy 
of a given frequency and particles. 
When this ef fec t occurs, the in-
tensity 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.
Reference set: A collection of samples 
for which primary reference laboratory 
data are available for the constituent 
composition, and thus can be used to 
calibrate an instrument for multiple 
products and constituents. Refer-
ence sets can be used for quantita-
tive (libraries with quantitative data) or 
qualitative purposes (such as building 
of libraries for identification).
Reference spectrum: In context, a 
reference spectrum is generated using 
everything that is in the sample light 
path except the analyte of interest—
that is, the cuvette, solvent, and any 
buffer or matrix used to prepare the 
sample. For reflectance spectra the 
reference is a nearly 100% reflector; 
for transmission spectra the reference 
is dry air. For a traditional dual-beam 
spectrum, the reference is the sample 
holder containing the solvent without 
the analyte. 
Reference standard: Analyte wherein 
the purity is documented and used to 
construct a calibration curve or search 
library. The calibration may be either of 
the instrument performance, or for the 
analytical determinations of an analyte. 
Reflectance: Reflectance (R) refers 
to the measured ratio of the quantity 
of electromagnetic energy reflected 
from a sample (I) to the quantity of 
energy reflected from a reference 
material (Io), so R = I/Io. The R scale 
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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 reflected light can 
be considered as having two major 
components: One is the diffuse com-
ponent, resulting from the light pen-
etrating into the material and having 
a scattering interaction with it so as to 
reemerge at an altered angle relative 
to the incident angle. The other is the 
specular component, resulting from 
mirror-like elastic reflections at the 
sample surface. 
Reflection: Reflection refers to the 
act or phenomenon of reflecting, 
which is the change in direction of 
electromagnetic energy at the inter-
face between two different media, 
such as air and quartz. 
Region of interest: When using area 
detectors (such as CCDs), the region 
of interest is the area on the detector 
from where the signal is read out. Re-
ducing the readout to specific areas 
on the detector can be used to reduce 
the measurement background level, to 
reduce the read-out time, or to record 
multiple signals at once (multiple track).
Regression: Another name for the 
process of generat ing a leas t-
squares fit in an equation to a set of 
X’s (that is, spectral signal) and Y (that 
is, reference analyte concentration) 
data. Multivariate regression is per-
formed on multiple X independent 
variables on the Y dependent vari-
able. The types of regression most 
common to spectroscopy calibration 
work include multiple linear regres-
sion (MLR), principal components 
regression (PCR), and partial least 
squares regression (PLSR). 

Regression coefficient: The regres-
sion coefficient is denoted in a general 
form by the following equation:

(Y’= B0 + B1X1 + … + BnXn)    [9]

where the regression coefficients 
are the variables labeled B i. These 
coef f icients are the parameters 
that are calculated by regression 
analysis, and are the necessary cal-
ibration constants that determine 
the sensitivity of an instrument to 
the optical readings at the various 
wavelengths included in the cali-
bration. See also least squares fit.
Relative standard deviation: The 
standard deviation of a set of data 
divided by the mean value of that set 
of data. May also be referred to as 
the coefficient of variation. It is re-
ported directly as a ratio value or as 
a percentage. 
Reread or replicate: The process of 
taking multiple readings on a single 
measurement loading of a sample. 
Multiple rereads of a sample allow an 
estimate to be made of the contribu-
tion of electronic noise to the total 
error. The replicate measurements are 
made without changing or moving the 
sample holder or sample. 
Resonance Raman spectroscopy 
(RRS): In this approach, the laser ex-
citation wavelength is matched to 
the specific electronic transition as-
sociated with a molecular vibration 
mode of interest within a sample. 
This technique provides a method 
for "isolation" of specific molecular 
vibrational modes for the Raman 
structural studies of particular vibra-
tional bands of large molecules. RRS 
also significantly enhances the weak 
Raman scattering.
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Residual: The statistical nomencla-
ture for the difference between the 
value reported by the reference lab-
oratory for a sample and the value 
as determined by the calibration 
equation being used for the spec-
troscopic or analytical method. This 
is the difference for predicted value 
minus "true" value.
Retardation: Retardation is defined as 
the optical path difference between 
the two beams in the interferometer. 
Higher retardation gives better reso-
lution, increases the number of data 
points, 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 instrument; these are 
then combined into a calibration set 
for determining the regression coeffi-
cients or calibration model. Prediction 
samples are any samples not included 
in the calibration set. They may also 
be sent to a reference laboratory for 
analysis if the purpose is to check the 
accuracy of the calibration.
Sample ID: An identifier that can be 
entered into the appropriate field 
of a data record to label the sample 
whose data is in the same record. May 
be alphanumeric.

Sample number: A second identifier 
that can be included in a data record. 
Sometimes a sample number is auto-
matically provided and updated by the 
computer if the operator fails to enter 
a sample number. A sample number 
must be numeric.
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 (that is, constant) 
or a vector operation.
Scan: The process of measuring a 
spectrum at uniform wavelength or 
wavenumber intervals throughout 
the spectral range of interest. The in-
terval should be small compared with 
the width of the absorbance bands 
of the sample in order to produce a 
quasi-continuous approximation of 
the sample’s absorbance band char-
acteristics. It consists of measuring 
the transmittance, reflectance, absor-
bance, scattering, and so forth with 
respect to wavelength or wavenum-
ber for any material.
Scanning: The process whereby the 
optical data signal is measured and 
recorded with respect to the wave-
length or wavenumber range of the 
spectrometer. The wavelength range 
is measured in order, usually from low-
est to highest wavelength for ultra-
violet, visible, and near-infrared mea-
surements. For infrared and Raman 
instruments the wavenumber range 
of the spectra is viewed from larger 
to smaller wavenumber—that is, high-
est to lowest frequency—respectively. 
For a monochromator this process 
occurs when a grating is precisely ro-
tated about its axis or projected onto 
a single or array detector. For FT-Ra-
man instruments an interferometer is 
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sequenced for scanning an interfero-
gram and converting the signals to a 
spectrum. Microelectromechanical 
systems (MEMS) devices move a mi-
cromirror reflecting the beam from a 
fixed grating onto the detector to pro-
duce a spectrum. 
Scattering: The phenomenon of light 
interaction with particles that may 
be either elastic (Rayleigh scattering) 
or inelastic (Raman effect). Relevant 
phenomena for Raman spectroscopy 
include Rayleigh scattering, Raman 
scattering, and Brillouin scattering. 
Search strategy: The sequence of 
steps to find the set of wavelengths 
producing the most accurate calibration 
equation for a multiwavelength calibra-
tion 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 identification.
Sensitivity: see limit of detection.
SERDS: Shifted excitation Raman differ-
ence spectroscopy. This is an important 
fluorescence suppressing approach in 
which two Raman spectra are recorded 
with two slightly different excitation 
wavelengths. Ideally, the fluorescence 
emission at the two excitations does 
not change while the Raman spectrum 
shifts according to the excitation wave-
length. By comparing the two spectra, 
the fluorescene back ground may be 
removed. See difference spectroscopy.
Shifted excitation Raman difference 
spectroscopy: See SERDS.
Shot noise: Associated with the 
noise in light detectors. Originates 
from the discrete nature of electric 
charge generation.
Signal: The output of the detector 
resulting from its response to light 
emerging from the sample holder or 
reference cell. It consists of an analog 

signal converted to a digital signal and 
then converted to units such as counts, 
reflectance, transmittance, or absor-
bance; depending on the measure-
ment geometry and precise com-
putational methods. Most Raman 
studies detect the Stokes Raman 
scattered signal.
Signal-to-noise ratio (S/N): The gen-
eral relationship of signal to noise is 
determined by the maximum signal 
amplitude (peak signal minus back-
ground) divided by the square root 
of the background signal—referred 
to as the first standard deviation (FSD) 
method. The ratio of the value of the 
signal (intelligence, message, or effect 
to be transmitted) to that of the noise 
(random variation or disturbance of 
the signal). A measure of performance 
for a measureable characteristic of a 
device that includes a level of distur-
bance to the desired characteristic. In 
spectrometers it is often measured by 
taking the amplitude of the signal for 
100% transmittance or 100% reflec-
tance and dividing it by the root mean 
square (RMS) deviation of the repeti-
tive measurements of that sample (or 
alternatively by dividing by the peak-
to peak variation in the baseline). The 
S/N is then the numerical ratio of the 
total signal I/I0 to the noise of the in-
strument as RMS deviation of repeated 
signal measurements. The RMS is the 
standard deviation of the photomet-
ric measurements at a set of wave-
numbers or wavelengths. For Raman 
spectrometers the S/N could be com-
puted to be the peak signal measured 
for a silicon wafer Raman peak (520 
cm-1) divided by the noise at a spec-
tral location where there is no Raman 
signal. One manufacturer uses the 
peak signal for the water Raman peak 
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at 397 nm (for 350 nm excitation) and 
the noise in a region where no Raman 
signal is present (such as 450 nm).
Stimulated Raman:  A dynamic 
Raman technique in which two dif-
ferent wavelength (frequency) laser 
pulses are applied to a sample si-
multaneously with light polarization 
(parallel or perpendicular). When the 
difference frequency of the excitation 
lasers matches a particular molecu-
lar vibrational frequency (also called 
the Raman shift), amplification of the 
Raman signal occurs. The polarization 
effectively measures molecular align-
ment and orientation properties. For 
this phenomenon, an excess of Stokes 
photons from normal Raman scatter-
ing is purposefully added to the excita-
tion beam. Therefore, the vibrational 
mode of a sample that is strongest 
in the regular Raman spectrum is 
enhanced or amplified; and other 
weaker Raman-active modes are not 
strongly amplified.
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 interfero-
gram is at maximum interference. The 
centerburst may be placed anywhere 
along the recorded data for the inter-
ferogram. 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 low and samples near the 
high end of the range read high, or 

vice versa. It is also a term for slope 
change in X and Y comparative data. 
Slit: in dispersive spectrometers con-
stitutes the object which is imaged on 
the detector end. It is mostly the port 
where light enters the spectrometer.
Slope: Another term for skew; the 
use of the term slope implies that the 
amount of skew is known. 
Smoothing: Smoothing may be ap-
plied to spectroscopic data for a 
several purposes—for example, to 
improve the quality of the spectral 
appearance, to smooth out or remove 
apparent noise, to decrease spectral 
resolution to match bandwidth be-
tween two spectra measured at two 
resolutions, and to remove appar-
ent random and structured variation 
in signals. Smoothing allows en-
hanced manual viewing and multi-
variate processing by eliminating 
spectral variation caused by ran-
dom measurement noise. The most 
common applications of smoothing 
within spectroscopy include boxcar 
smoothing, Fourier-domain (fast 
Fourier transform [FFT]) smoothing, 
and Savitzky-Golay smoothing. 
Solvent: Liquid used to dissolve 
the sample analyzed. Commonly 
water or methanol of high purity. 
Usually designated as specially pu-
rified for quantitative work—for ex-
ample, "spectrophotometer quality," 

"spectro-quality," or "spectro-grade." 
Note that solvent choice is critical 
to ensure proper dispersal of the 
analyte and the absence of overlap-
ping signals in critical regions due 
to solvent impurities. The recom-
mended solvent for Raman spec-
troscopy is purified water.
Source: An electromagnetic energy 
emitter to supply energy for mak-
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ing the measurement for an optical 
spectrometer system. The source 
is the origin of the light used in the 
spectrometer. The source may also be 
an enclosed incandescent wire for vis-
ible light, a deuterium gas discharge 
lamp for ultraviolet spectroscopy, or 
an excitation laser for Raman spec-
trometers. Note that multiple types 
and wavelengths of lasers are used 
for Raman scattering.
Spatially offset Raman spectros-
copy (SORS): For this measurement 
technique, Raman scattering is mea-
sured at a surface point and also at a 
point deeper into the sample by shift-
ing the point of detection (a point of 
detection further from the excitation 
spot yields a diffuse scattered signal 
from a greater sample depth). The two 
resulting spectra are scaled and sub-
tracted to yield a difference spectrum 
representing a depth-profiling Raman 
spectrum. Multiple offset spectra may 
be combined with multivariate analysis 
to determine the spectrum of various 
depths in the sample.
Spectral energy units: Spectral en-
ergy for molecular and electronic 
spectroscopy is described in terms 
of units of wavelength—for exam-
ple, micrometers (μm) as 10-6 m, or 
nanometers (nm) as 10-9 m, or ang-
stroms (Å) as 10-10 m. Energy is also 
expressed as frequency (cycles per 
second or s-1) termed hertz (Hz), as 
wavenumbers (cm-1), and as elec-
tron volts (eV). For Raman spectros-
copy the spectral energy units are 
relative wavenumbers, that is the 
relative shift of the Raman peaks to 
the Raman excitation wavelength.
Spectral matching: One of several 
procedures of identifying alike spec-
tral patterns for the purpose of sample 

identification, classification, or sub-
grouping. The matching is performed 
using a spectral library of various ma-
terials combined with computer algo-
rithms. To match an unknown spec-
trum found in the library, the computer 
compares each known spectrum to the 
unknown spectra of the library to lo-
cate a probable match.
Spectral reconstruction: A mathe-
matical technique for recreating the 
spectrum of any of the constituents 
in a mixture provided the concentra-
tion of the constituent is known for 
several different samples. The tech-
nique works well, and reconstructed 
spectra of pure compounds in mix-
tures have been shown to compare 
favorably with spectra obtained 
directly from the pure compound 
as long as two conditions are met: 
1) the constituent concentration is 
expressed as weight percent (this is 
mathematically necessary, because 
the algorithm depends on the fact 
that all constituents add up to 100% 
for proper operation); and 2) the 
constituents are uncorrelated. A 
constituent that is correlated with 
the one whose spectrum is being 
reconstructed will have its absor-
bance bands appear within the re-
constructed spectrum.
Spectrophotometer: A device used 
to measure and record the spec-
trum of a material at uniform, usu-
ally closely spaced, wavelength or 
wavenumber intervals. This type of 
instrument is sometimes referred 
to as a spectrometer, although cor-
rect termin is spectrophotometer. 
It is specifically designed to mea-
sure the ratio of the sample signal 
(I ) versus the reference signal (Io) 
as the ratio I/Io.



February 2020   TERMINOLOGY GUIDE  43www.spectroscopyonline.com

Spectrum: A n a b brev ia t ion of 
electromagnetic spectrum. It is a 
series of wavelengths of radiation, 
belonging to a specific portion of 
the electromagnetic continuum—
for example, the visible spectrum, 
where the “colors” are viewed in 
increasing wavelength. For the vis-
ible portion of the continuum, the 
colors in order of increasing energy 
frequency are red, orange, yellow, 
green, blue, indigo, and violet. For 
other spectroscopy it is the absor-
bance (computed from transmit-
tance or reflectance) as a response 
of the instrument to a sample and 
reference measurement (I/Io) with 
respec t to wavelength or wave-
number. For a Raman shif t spec-
trum, the Stokes scat tering of a 
sample measurement is recorded 
with respect to wavenumber posi-
tion. For Raman the spec tral en-
ergy units are relative wavenum-
bers, meaning the relative shif t of 
the Raman peaks with respect to 
the Raman excitation wavelength.
Spontaneous Raman spectroscopy: 
This is also referred to as far-field 
Raman spectroscopy, a revised name 
for the phenomenon of Raman spec-
troscopy using continuous wave (CW) 
laser excitation. It is classic Raman 
spectroscopy, where approximately 
0.001% of incident laser energy is 
translated into Raman signal intensity. 
In spontaneous Raman, the oscilla-
tors excited in the focal volume of 
the Raman laser oscillate with a ran-
dom phase, leading to a spontane-
ous non-coherent Raman scattering 
process. The Raman spectrum is the 
result of the superposition of the os-
cillations of all molecules but there is 
no phase relationship between the dif-

ferent Raman scatterers. Spontane-
ous Raman is in contrast to coherent 
Raman scattering. 
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, X i from the following 
formula, where n is the number of 
data points:

Si
i

i i

          
 [10]

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. 
This operation is generally an auto-
mated process in which some sam-
ples are "left out" of the calibration 
to use in a computation of prediction 
error. SECV is typically a low estimate 
of the true prediction error (standard 
error of prediction) since in this pro-
cedure most of the samples in the set 
used for calibration and validation are 
quite similar.
Standard error of estimate (SEE): A 
standard deviation measure of the 
difference between the reference 
laboratory values for a set of samples 
and the values determined by the 
instrument, in which the calibration 
resulting from a regression equation 
is applied to the very samples used to 
derive that equation.
Standard error of prediction (SEP): 
A standard deviation measure of the 
accuracy of an instrumental measure-
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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 algo-
rithm 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 in 
absorbance space (units). The mean 
absorbance difference for each data 
point is compared to the mean absor-
bance of the spectrum ratioed to the 
standard deviation of the absorbance 
for the spectrum. The computation 
formula is as follows:

a a

a a
2

i i i

i i
[11]

Where a i j (SNV ) is the computed 
standard normal variate for the 
data point (element) a i j, and a

_
i is 

the mean of the spectrum i , and 
n is the number of data points or 
elements in the spectrum.
Standard reference mater ia l 
(SRM): These registered trademark 
materials are provided by the Na-
tional Institute of Standards and 
Technology (NIST), which is a non-
regulatory agency of the United 
States Department of Commerce. 
Standard reference materials are 
carefully measured and are used 
for calibration of spectrophotom-
eters and other analy tical instru-

ments as a means of near first prin-
ciples traceable calibration. 
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. 
Stand-off detection: A measuring 
setup in which the sample is rela-
tively far away from the measuring 
instrument. Physical contact with the 
sample is not necessary.
Step-up search: One strategy in iden-
tifying the most useful wavelengths 
for multiple linear regression wave-
length calibration modeling searches. 
See also combination search. 
Stimulated Raman:  A dynamic 
technique whereby two dif ferent-
wavelength laser pulses are applied 
to a sample simultaneously using 
polarization (that is, parallel or per-
pendicular). When the dif ference 
frequency of the excitation lasers 
matches a particular molecular vibra-
tional frequency of the sample, am-
plification of the Raman signal occurs. 
The polarization of the laser pulses 
effectively determines the molecular 
alignment and orientation properties 
of the sample.
Stimulated Raman spectroscopy 
(SRS): By applying a relatively high 
energy pulse, as contrasted to tradi-
tional continuous wave (CW) lasers, 
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pulsed lasers have an enhanced ef-
fect on the Raman scattering signal by 
as much as 40–50% of the excitation 
laser energy. The overall Raman sig-
nal is enhanced by 104 over traditional 
spontaneous Raman spectroscopy, 
with the resultant significant increase 
in effective signal-to-noise ratio for 
the produced spectra. 
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 wave-
length. In the specific case of Raman 
spectroscopy, stray light generally 
consists of the elastic stray light as 
Rayleigh scattering of the main laser 
frequency energy.
Striking a sample: Leveling off the top 
of a powdered or ground sample in an 
open cup to present a constant sur-
face geometry and sample thickness 
to the instrument.
Structured query language (SQL) 
database: SQL database is a spe-
cialized computer programming 
language designed for managing 
data held in a relational database. It 
allows the use of a single command 
for access to data records and al-
lows a data record to be accessed 
without indexing.
Sum of squares: Literally just that; the 
sum of squares of a set of numbers 
representing some quantity in a math-
ematical equation. The concept is use-
ful because it can be shown that some 
sums of squares are the combination 
of other sums of squares. For example, 
in a regression calculation:

(total sum of squares) =  

(sum of squares due to regression) +  

(sum of squares due to error)             [12]

Surface-enhanced Raman spectros-
copy (SERS): In SERS, a sample is 
placed within a gold or silver col-
loid, and the electric field for the 
molecules within the sample in-
c reases and causes the Raman 
scattering signal to be enhanced 
by a factor approaching 1010. This 
is a breathtak ing enhancement 
of Raman signal that has allowed 
Raman spectroscopy to be applied 
to many new bioanaly t ical and 
trace measurement applications. 
There are many papers describing 
these applications and the mech-
anisms and materials for improve-
ments to the SERS technique.
Sur face -enhanced resonance 
Raman spectroscopy (SERRS): This 
Raman technique combines surface-
enhanced Raman spectroscopy and 
resonance Raman spectroscopy; the 
Raman excitation laser is matched to 
the maximum absorbance of the mo-
lecular vibration of interest. This tech-
nique enhances the signal of a specific 
vibration under study.
Surface-enhanced spatially offset 
Raman spectroscopy (SESORS): This 
technique uses imaging methods to 
collect multiple surface measurements 
combining multiplexed surface-en-
hanced Raman scattering signals and 
spatially offset Raman spectroscopy 
(SORS) as a noninvasive measurement 
technique for depth profiling multiple 
layers of samples.
Surface plasmon polariton enhanced 
Raman spectroscopy (SPPERS): A 
small cylindrical lens is used for near-
field excitation of tiny samples or films 
deposited on the lens surface. For 
this technique, measurement areas as 
small as 100 µm2 in size with the thick-
ness of a molecular monolayer are 
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possible. The technique uses special 
excitation and collection optics to en-
able an enhanced small spatial signal. 

T
Teaching set: Another name for a cali-
bration set.
Terahertz: This term is represented 
by the region of 1.2 x 1013 to 3.0 x 1011 
Hz (s-1), and is sometimes referred 
to as the far-infrared region. There 
has been the development of THz 
Raman spectroscopy, which means 
low wavenumber Raman, where the 
frequency range of traditional Raman 
spectroscopy has been expanded 
into the terahertz (low-wavenumber 
region), to allow studies of the same 
energy transitions as traditional tera-
hertz spectroscopy.
Tip-enhanced Raman spectroscopy 
(TERS): TERS combines Raman spec-
troscopy with scanning probe micros-
copy, such as atomic force microscopy 
(AFM). AFM uses scanning probe tips 
as small as 10–20 nm, and an enhanced 
Raman signal is collected simultane-
ously with the AFM profile of a sample 
surface. The Raman signal is combined 
with the AFM topography to create a 
detailed three-dimensional image of 
the nanoscale spatially related compo-
sition of a sample.
Tracer: A tracer (also known as a pho-
tometric standard, or internal standard) 
is added at a fixed concentration to 
each calibration sample used for quan-
titative analysis. The standard or tracer 
signal is used to normalize the Raman 
scatter for samples of varying analyte 
concentration. In this approach, an in-
ternal standard is added to each cali-
bration sample at a fixed concentra-
tion (the same concentration for each 
calibration sample).

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 
through a material from one refractive 
index to another, generally air to glass 
or quartz. 
Transmittance: Transmittance (T ) re-
fers to the fraction of electromag-
netic energy that passes through 
a sample (I ), relative to the total 
amount quantit y of energy that 
strikes the sample (Io), so it is repre-
sented by the ratio of T = I/Io. The T 
scale may be expressed as 0–100% 
or 0–1.0. In transmittance measure-
ments, dry air is used as the typical 
reference. Transmittance is more 
relevant to ultraviolet through infra-
red spectroscopy, whereas Raman 
would include the various forms of 
scattering phenomena.
Truncate: A technique of selecting 
only a portion of a spectrum with 
which to perform calibration or math-
ematical processing. 
t-test: Also known as Student's t-test. 
The ratio of a difference between a 
single measurement or estimate and 
the parameter being estimated to the 
standard error of that parameter. It is 
used to determine whether a specific 
measurement variation is random or 
determinate when its t-test is com-
pared to a t-distribution value. A 
statistical quantity that in the case of 
regression analysis allows the deter-
mination of whether a particular spec-
tral signal at a specified frequency or 
wavelength and the regression coef-
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ficient for that signal are significant to 
the model. 
Two-dimensional (2D) correlation 
spectroscopy: The combination of 
two dimensions of spectra to be pro-
cessed into a 2D correlation spectrum. 
These spectra have an increased rank 
of information content and are most 
often determined by a change in 
mechanical strain or temperature be-
tween one spectrum and the second 
spectrum used for the two dimen-
sions. It may also be formed using 
two spectra from different spectral 
ranges, such as a near-infrared spec-
trum combined with an infrared spec-
trum, or by the use of a combination 
of a Raman spectrum with an infrared 
or other spectrum.

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):

m 1

10 7

          
[13]

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

10 7

nm         
[14]

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

nm

nm sec17 1

sec 1 [15]

Wavelength (in nanometers) to photon 
energy (in eV): 

EƤeV
1240

nm           [16]

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 read-
ings and any auxiliary or indicator vari-
ables; and the dependent variables 
(Y ), which consist of the constituent or 
analyte quantity information.
Variance: The square of the standard 
deviation. An important concept in 
statistics because, like sum of squares, 
the total variance can be shown to 
be composed of the sum of the in-
dividual variance (or error) contribu-
tions. Arithmetic operations such as 
addition and subtraction may be per-
formed on variances. 
Voight profile: Spectral line shape 
that is a convolution of the natural 
Lorentzian shape of a Raman line with 
a Gauss distribution. It best approxi-
mates the measured Raman band pro-
files in most samples.

W
Wavelength: Electromagnetic energy 
is transmitted in the form of a sinu-
soidal 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 electro-
magnetic wave to the same position 
on the subsequent wave. Peak-to-
peak distance is generally measured 
in nanometers or wavenumbers for 
use in spectroscopy.
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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 cen-
timeter. It is equivalent to 1 x 107/
wavelength in nanometers; for ex-
ample, 2500 nm is equivalent to 4000 
cm-1. For Raman spectroscopy, the 
wavenumber represents the number 
of waves (cycles) occurring per centi-
meter for the Raman shift correspond-
ing to the molecular vibrational fre-
quency for measured materials. It is 
also equivalent to 1 x 107/wavelength 
in nanometers. Note the relation-
ship of wavenumber photon energy 
and wavelength from the following 
equations:

Ep Ep
Ep

hc
hchc

1ν
 
[17]   

Where ν
_
 is the wavenumber units as 

cm-1 (that is, the number of waves 
per centimeter); h = Planck’s con-
stant (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 posi-
tions and making adjustments to align 
the instrument to these reference 
standards. Wavenumber correction is 
essential for high quality infrared and 
Raman spectra. 

Window: A transparent material 
with plane parallel surfaces used to 
admit light into an optical system 
and exclude contaminants such as 
dirt and moisture. Windows are used 
within an instrument and for holding 
samples. For UV work, the window 
material is generally low-OH quartz 
(SiO2), and for visible spectroscopy 
some polymers are used, such as 
polystyrene (PS), or polymethyl-
methacrylate (PMMA). Generally 
windows for near-infrared or Raman 
spectroscopy are low-scattering 
quartz (SiO2); and for infrared a vari-
ety of salts are used, such as sodium 
chloride (NaCl), potassium bromide 
(KBr), calcium fluoride (CaF2), magne-
sium fluoride (MgF2), barium fluoride 
(BaF2), cadmium telluride (CdTe), sil-
ver chloride (AgCl), germanium (Ge), 
or zinc selenide (ZnSe), zinc sulfide 
(ZnS), AMTIR (GeAsSe), and thallium 
bromide-iodide (KRS-5).
Working distance (WD): A character-
istic of a microscope objective. It is 
the distance from the front lens of the 
objective to the object to be investi-
gated region or regions.

XYZ 
x-axis: The Cartesian coordinate sys-
tem horizontal reference axis. In spec-
troscopic instruments it refers to the 
wavelength or wavenumber axis. 
x-shift: When spectra are measured 
from two or more instruments there 
may be dif ferences 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 instru-
ments. An x-axis correction shift will 
move one spectrum to line up with 
another spectrum along the x-axis for 
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improvements in accuracy for quanti-
tative or qualitative analysis. 
x-unit conversion: Conversion of one 
x-axis spectral data type to another, 
for example, wavenumbers (cm-1); 
wavelength (nm) or 10-9 m; wave-
length (µm) or 10-6 m, energy (eV), or 
frequency (Hz) as s-1. 
y-axis: The Cartesian coordinate 
system vertical reference axis. In 
spectroscopic measurements it re-
fers to the intensity, scattering, or  
amplitude.
Zap tool: This software feature al-
lows the selection of a specific spec-
tral region as delineated by the x-
axis for manipulation of that specific 
region. A certain zapped region is 
changed while the remaining spec-
trum remains unaltered. 
Zero filling: A process of adding a 
number of data points consisting of 
amplitude values located between 
corresponding interferogram data 
points to increase the number of 
data points. This ac tion is com-
pleted before applying the fast 
Fourier transform (FFT) to the in-
terferogram to produce a spectrum. 
Zero-filling adds interpolated points 
that lie between the real interfero-
gram data points. The resultant 
data are smoother in appearance 
and more suitable for application of 
the FFT algorithm (proper number 
of data points). The appearance and 
photometric accuracy of the spec-
trum is improved, but there is no 
improvement in the linewidth reso-
lution of the spectrum.
z-dimension: see cuvette. 
Zero path difference (ZPD): An in-
terferogram has a centerburst, also 
referred to as the zero-path-differ-
ence location. When the path of the 

fixed and moving mirror are identical 
within the interferometer, the inter-
ferogram is at maximum inter fer-
ence; there is zero path difference 
between the light traveling through 
the two channels of the Michelson 
interferometer.
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