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QH”) Designation: E 131 — 00a

Standard Terminology Relating to
Molecular Spectroscopy

This standard is issued under the fixed designation E 131; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

Discussion—The equivalent IUPAC term is “molar absorption coef-
absorbance, A— the logarithm to the base 10 of the ficient”

reciprocal of the transmittanceT)( acceptance anglen—for an optical fiber the maximum angle,
A = log,(1/T) = —logyoT ) measured from the longitudinal axis or centerline of the fiber

Discussion—In practice the observed transmittance must be substi- toan 'r?C'O.'e”t ray, Wlthm.WhICh the ray will be accepted for
tuted forT. Absorbance expresses the excess absorption over that of a transmission along the fiber by total internal reflection.
specified reference or standard. It is implied that compensation has g ssion—If the incidence angle exceeds the acceptance angle,
been effected for reflectance losses, solvent absorption losses, a”doptical power in the incident ray will be coupled into leaky modes or
refractive effects, if present, and that attenuation by scattering is small rays, or lost by scattering, diffusion, or absorption in the cladding. For
compared with attenuation by absorption. Apparent deviations from the 5 ¢jadded step-index fiber in the air, the sine of the acceptance angle is

absorption laws (seabsorptivity) are due to inability to measure  giyen by the square root of the difference of the squares of the refractive
exactly the true transmittance or to know the exact concentration of an j,qexes of the fiber core and the cladding, that is, by the relation as

absorbing substance. follows:

absorptlon band—a region of the absorption spectrum in sinA=/"r— 2 )
which the absorbance passes through a maximum.
absorption coefficient,a—a measure of absorption of radiant whereA is the acceptance angle and andn, are the refractive indexes

energy from an incident beam as it traverses an absorbingf the core and cladding, respectively. If the refractive index is a function
medium according to Bouguer's laR/P, = g b of distance from the center of the core, as in the case of graded index
fibers, then the acceptance angle depends on the distance from the core
Discussion—In IRS, o is a measure of the rate of absorption of center. The acceptance angle is maximum at the center, and zero at the
energy from the evanescent wave. core-cladding boundary. At any radiusthe sine of the acceptance angle

. . . of a graded index fiber is defined in compliance with that of a step-index
absorption parameter, a—the relative reflection loss per & % oiows:

reflection that results from the absorption of radiant energy
at a reflecting surfacea=1-R, and R=the reflected sinA =\/nf —nj ®3)

fraction of incident radiant power.

absorption spectrum—a plot, or other representation, of where A, is the acceptance angle at a point on the entrance face at a
' ’ distance,r, from the centerp, is the refractive index of the core at a

absorbance, or any_ function of absorbance, against Wav?édius,r, andn, is the refractive index of the cladding. In air, shnand
length, or any function of wavelength. sin A, are the numerical apertures. Unless otherwise stated, acceptance

absorptivity, a— the absorbance divided by the product of theangles and numerical apertures for fiber optics are those for the center of
concentration of the substance and the sample pathlengtte endface of the fiber, that is, where the refractive index, and hence the
a = A/bc. The units ofb andc shall be specified. numerical aperture, is the highest.

Discussion—1—The recommended unit fdris the centimetre. The —accuracy—the closeness of agreement between an Ob_served
recommended unit fot is kilogram per cubic metre. Equivalent units ~ value and an accepted reference value (See Terminology

are g/dni, g/L, or mg/cm®. E 456¥.
Discussion—2—The equivalent [IUPAC term is “specific absorption

coefficient.” Discussion—The term accuracy, when applied to a set of observed

values, will be a combination of a random component and a common
absorptivity, molar, e—the product of the absorptivitg, and systematic error or bias component. Since in routine use, random

the molecular weight of the substance. components and bias components cannot be completely separated, the
reported “accuracy” must be interpreted as a combination of these two
components.

1 This terminology is under the jurisdiction of ASTM Committee E-13 on active fiber optlc chemical sensom a fiber Optlc chemical

Molecular Spect dis the direct ibility of Subcommittee E13.04 ) ; : :
Nomendlature roscopy ancis e Grectresponsiaiily of stbcommitee °" sensor in which a transduction mechanism other than the

Current edition approved Sept. 10, 2000. Published November 2000. Originally intrinsic spectroscopic properties of the analyte is used to
published as E 131 — 57 T. Last previous edition E 131 — 00.

2 For other definitions relating to nuclear magnetic resonance, see Practice E 386;,———————————
Annual Book of ASTM Standardgol 03.06. 2 Annual Book of ASTM Standardgol 14.02.
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modulate the optical signal. often to recombine, spatially separate beams.

Discussion—Examples include a pH sensor composed of a chemical Discussion—Beamsplitters are often made by depositing a film of a
indicator substance whose color changes with pH, and an oxygen high refractive index material onto a flat transmitting substrate with an
sensor coupled to an optical fiber bearing a chemical indicator whose identical compensator plate being held on the other side of the film.

fluorescence intensity depends on oxygen concentration. . . .
yaep yd beamsplitter efficiency—the product &T, where R is the

aliasing—the appearance of features at wavenumbers other reflectance and is the transmittance of the beamsplitter.
than their true value caused by using a sampling frequencpeer’s law—the absorbance of a homogeneous sample con-
less than twice the highest modulation frequency in the taining an absorbing substance is directly proportional to the
interferogram; also known as “folding.” concentration of the absorbing substance. Seeatisorp-

analytical curve—the graphical representation of a relation tjvity.
between some function of radiant power and the concentrépias—a systematic error that contributes to the difference
tion or mass of the substance emitting or absorbing it. between a population mean of the measurements or test

analytical wavelength—any wavelength at which an absor-  results and an accepted or reference value (see Terminology
bance measurement is made for the purpose of the determi- g 456¥.
nation of a constituent of a sample.

angle of incidence,6—the angle between an incident radiant
beam and a perpendicular to the interface between two
media.

anti-Stokes line (band)—a Raman line (band) that has a where:

frequency higher than that of the incident monochromatic,, - the number of observations for which the accuracy is

Discussion—Bias is determined by the following equation:

1,
bias=e=2/_§ (4)

beam. , _ determined,

aperture of an IRE, A'—that p_ortlo_n of the IRE surface th_at = the difference between a measured value of a property
can be utilized to conduct light into the IRE at the desired and its accepted reference value, and
angle of incidence. € = the mean value of all the.

apodization—modification of the ILS function by multiplying , _
the interferogram by a weighting function the magnitude ofBouguer’s law—the absorbance of a homogeneous sample is
which varies with retardation. directly proportional to the thickness of the sample in the

. ) ) optical path.
Discussion—This term should strictly be used with reference to a ) )
weighting function whose magnitude is greatest at the centerburst and ~ Discussion—Bouguer’s law is sometimes also known as Lambert's

decreases with retardation. law.

attenuated total reflection (ATR)—reflection that occurs boxcar truncation—identical effective weighting of all points
when an absorbing coupling mechanism acts in the process in the measured interferogram prior to the Fourier transform;

of total internal reflection to make the reflectance less than all points outside of the range of the measured interferogram
unity. take a value of zero.

buffer—in fiber optics seefiber optic buffer.
Ibulk reflection—reflection in which radiant energy is returned
exclusively from within the specimen.

Discussion—In this process, if an absorbing sample is placed in
contact with the reflecting surface, the reflectance for total internal
reflection will be attenuated to some value between zero and ufity (
< R < 1) in regions of the spectrum where absorption of the radiant Discussion—Bulk reflection may be diffuse or specular.

power can take place. . . . .
o . .~ centerburst—the region of greatest amplitude in an interfero-
attenuation index, k—a measure of the absorption of radiant g5

energy by an absorbing materialis related to the absorp-
tion coefficient by:nk = ac/4mv, wherec, = the speed of Discussion—For unchirp‘:ed or only slightly chirped i”nterferogra“ms,
light in vacuo, v = the frequency of radiant energy, and this region m(_:luc'i’es the “zero path difference point” and the “zero
n = the refractive index of the absorbing medium. retardation point.
background—apparent absorption caused by anything othecertified reference material, n—a reference material, the
than the substance for which the analysis is being made. composition or properties of which are certified by a
bathochromic shift, n—change of a spectral band to longer recognized standardizing agency or group.

Wa\,/elength (Iower frequenqy) becau_se of structural moud'fl' Discussion—A certified reference material produced by the National
cations or environmental influence; also known as “red |nsiitute of Standards and Technology (NIST) is designated a Standard
shift.” Reference Material (SRM).

bagellne—any line dra}wn onan apsorptlon spectrum o estab'?hemical shift (NMR), 8—the defining equation fod is the
lish a reference point representing a function of the radian

o : following:
power incident on a sample at a given wavelength.
basic NMR frequen_cy, yo—the freq_uer_lcy, mea;ured in hertz 5= Av < 16 ©)
(Hz), of the oscillating magnetic field applied to induce VR
transitions between nuclear magnetic energy levels. where vy is the frequency with which the reference sub-

beamsplitte—a semireflecting device used to create, andstance is in resonance at the magnetic field used in the
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experiment andAv is the frequency difference between the amplitude of the evanescent waveeis(that is, 36.8 %) of
reference substance and the substance whose chemical shift ists value at the surface:

being determined, at constant field. The signAaf is to be A\

chosen such that shifts to the high frequency side of the dp:W 9)

reference shall be positive. o o
where:n ,, = n,/n; = refractive index of sample divided by

Discussion—If the experiment is done at constant frequency (field that of the IRE, = Mn, = wavelength of radiant energy in the
sweep) the defining equation becomes sample; and) = angle of incidence.
5 = v (1 _Av > % 1P ) derivative absorption spectrum—a plot of rate of change of
VR VR absorbance or of any function of absorbance with respect to

chirping—the process of dispersing the zero phase difference Wavelength or any function of wavelength, against wave-
points for different wavelengths across the interferogram, so length or any function of wavelength.
that the magnitude of the signal is reduced in the short regioflifference absorption spectrum—a plot of the difference
of the interferogram where all wavelengths would otherwise between two absorbances or between any function of two
constructively interfere. absorbances, against wavelength or any function of wave-

clad—Seecladding. length. S _ _
cladding, n—of an optical fiber a layer of a optically diffuse reflection—reflection in which the flux is scattered in
transparent lower refractive index material in intimate con- many directions by diffusion at or below the surface, (see

tact with a core of higher refractive index material used to Terminology E 284). _ o
achieve total internal reflection. digitization—the conversion of an analog signal to digital

values using an analog-to-digital converter “sampling” or
. _“digital sampling.”
aigitization noise—the noise generated in an interferogram

, , i . through the use of an analog-to-digital converter whose least
concentration, c— the quantity of the substance contained in significant bit represents a value comparable to, or greater

Discussion—The cladding confines electromagnetic waves to the
core, provides some protection to the core, and also transmits evan
cent waves that usually are bound to waves in the core.

a unit quantity of sample. than, the peak-to-peak noise level in the analog data.
Discussion—For solution work, the recommended unit of concen- dilution factor —the ratio of the volume of a diluted solution
tration is grams of solute per litre of solution. to the volume of original solution containing the same

core, n—of an optical fiber the center region of an optical quantity of solute as the diluted solution.

waveguide through which radiant energy is transmitted. double modulation, n—a technique in which a modulated
signal is further varied by a second means.
Discussion—In a dielectric waveguide such as an optical fiber, the

refractive index of the core must be higher than that of the cladding. ~ Discussion—As an example, a spectrometer could generate a modu-
Most of the radiant energy is confined to the core. lated signal while at the same time that signal is further varied by an

. _ external higher frequency modulator; on detection, the conventional
correlation coefficient ()—a measure of the strength of the spectrometric signal is filtered out so that only the high frequency

linear relationship betweelX and Y, calculated by the signal is recorded.

equation: : . .
double-pass internal reflection element an internal reflec-
- (21 XY) @ tion element in which the radiant power transverses the
WS xR vy e length of the optical element twice, entering and leaving via
the same end.
where: ) effective pathlength (or effective thickness)ds—in internal
n = the number of observations KandY. reflection spectroscopthe analog of the sample thickness in
Discussion—X; andY,are any two mean corrected variables. For the ~ fransmission spectroscopy that represents the distance of
simple linear regression only, propagation of the evanescent wave within an absorbing
= R = (sign ofb) (R, ®) sample in IRS. It is defined from_ the relationship=1 -
ad,, and is related to the absorption parameter by.cadz.
evanescent wave-the standing wave that exists in the less
where: ) . o refractive medium, normal to the reflecting surface of the
R? = the coefficient of multiple determination. IRE during internal reflection.

critical angle, 6 —the angle whose sine is equal to the relative€Xtrinsic fiber optic chemical sensorn—a fiber optic chemi-
refractive index for light striking an interface from the C@l sensor in which modulation of the optical signal is not
greater to the lesser refractive mediup= sin ~n,,, where effected through a change in the properties of the fiber itself.

n,; = the ratio of the refractive indices of the two media. Discussion—Examples include a pH sensor composed of a chemical
indicator immobilized at the end of the optical fiber, and a sensor based
on Raman, fluorescence, infrared, visible, or other spectral information
gathered in the acceptance cone of the fiber.

Discussion—Total reflection occurs when light is reflected in the
more refractive of two media from the interface between them at any
angle of incidence exceeding the critical angle.

depth of penetration,d ;,—in internal reflection spectroscopy,
the distance into the less refractive medium at which the “Annual Book of ASTM Standardsbl 06.01.
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far-infrared —pertaining to the infrared region of the electro- Fourier transform infrared (FT-IR) spectrometry —a form
magnetic spectrum with wavelength range from approxi- of infrared spectrometry in which an interferogram is ob-
mately 25 to 1000 um (wavenumber range 400 to 10'cm tained; this interferogram is then subjected to a Fourier

fast Fourier transform (FFT) —a method for speeding up the  transform to obtain an amplitude-wavenumber (or wave-
computation of a discrete FT by factoring the data into length) spectrum.

. sparse_: matrices Contalnl_ng mostly zeroes. Discussion—1—The abbreviation FTIR is not recommended.

fiber optic buffer, n—material placed on or around a cladded Discussion—2—When FT-IR spectrometers are interfaced with
optical fiber to protect it from mechanical damage. other instruments, a slash should be used to denote the interface; e.g.

GC/FT-IR; HPLC/FT-IR, and the use of FT-IR should be explicit; i.e.

Discussion—Mechanical damage can be caused by such things as FTIR not IR.

microbends and macrobends formed during manufacture, spooling,
subsequent handling, and pressure applied during use. Buffers may bgaquency, v— the number of cycles per unit time.
bonded to the cladding and may also serve the purpose of preventing
ambient energy from entering the core. Discussion—The recommended unit is the hertz (Hz) (one cycle per
) . ) second).
fiber optic sensor,n—a device that responds to an external

stimulus and transmits through an optical fiber a modulatedrustrated total reflection (FTR)—the reflection which oc-
optical signal, indicating one or more characteristics of the Curs when a nonabsorbing coupling mechanism acts in the
stimulus. process of total internal reflection to make the reflectance

: _ _ ) less than unity.
Discussion—Examples include sensors which provide a suitable

signal or impulse to a meter. Such sensors might be found as the active  Discussion—In the process the reflectance can vary continuously
elements in pH meters, strain gages, or pressure gages. between zero and unity if:1f An optically transparent medium is
) ) . . ) within a fraction of a wavelength of the reflecting surface and its
fiber optic chemical sensor,n—a fiber optic sensor that distance from the reflecting surface is changed2pBoth the angle of
responds to a chemical stimulus. incidence and the refractive index of one of the media vary in an
fiber optics, n—the branch of science and technology devoted appropriate manner.

to the transmission of radiant energy through fibers made of In these cases part of the radiant power may be transmitted through
transparent materials the interface into the second medium without loss at the reflecting

surface such that transmittance plus reflectance equals unity. It is

Discussion—Transparent materials include glass, fused silica, and possible, therefore to have this process taking place in some spectral
plastic. Optical fibers in fiber optic cables may be used for data regions even when a sample having absorption bands is placed in
transmission, and for sensing, illumination, endoscopic, control, and contact with the reflecting surface.

display purposes, depending on their use in various geometric configy-. .
rations, modes of excitation, and environmental conditions. The fiber |gh-resolut|on NMR spectrometer—an NMR apparatus that

may be wound and bound in various shapes and distributions singly or 1S c@pable of producing, for a given isotope, line widths that
in bundles. Bundles may be aligned or unaligned. Aligned bundles are are less than the majority of the chemical shifts and coupling

often used to transmit and display images. constants for that isotope.

filter—a substance that attenuates the radiant power reaching Discussion—BY this definition, a given spectrometer may be classed
the detector in a definite manner with respect to spectral as a high-resolution instrument for isotopes with large chemical shifts,
distribution. but may not be classed as a high-resolution instrument for isotopes with
filter, neutral—a filter that attenuates the radiant power Smaller chemical shifts.
reaching the detector by the same factor at all wavelengthisole-burning, n—in luminescence, the photo-induced disap-
within a prescribed wavelength region. pearance of a narrow segment within a broader absorption or
fixed-angle internal reflection element— an internal reflec- emission band.
tion element which is designed to be operated at a fixed :
le of incidence D_scussuow—HoIes are produced by the dl_sappearance of re_sonantly
ang L . excited molecules because of photochemical or photophysical pro-
fluorescence—the emission of radiant energy from an atom, ceggges.
molecule, or ion resulting from absorption of a photon and a o ) )
subsequent transition to the ground state without a change {Rffrared—pertaining to the region of the electromagnetic
total spin quantum number. spectrum with wavelength range from approximately 0.78 to
1000 pm (wavenumber range 12 800 to 109m
Discussion—The initial and final states of the transition are Usua”y Infrared Spectroscopy_pertalnlng to Spectroscopy In the

both singlet states. The averageitlme interval between absorption and infrared region of the electromagnetic spectrum.
fluorescence is usually less than 8.

. N Discussion—1—Spectroscopy and other related terms are defined in

fold|r)g—seeallasmg. _ Terminology E 135

Fourier transform (FT) —the mathematical process used to Discussion—2—Common applications of infrared spectroscopy are
convert an amplitude-time spectrum to an amplitude- the identification of materials and the quantitative analysis of materials
frequency spectrum, orice versa. (see, for example, Practices E 204 and Practices E2168)

Discussion—In FT-IR spectrometry, retardation is directly propor- instrument line shape (ILS) function—the FT of the function
tional to time; therefore the FT is commonly used to convert an
amplitude-retardation spectrum to an amplitude-wavenumber speec———
trum, andvice versa. 5 Annual Book of ASTM Standardgol 03.05.
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by which an interferogram is weighted. which is stationary while the other is movable.

Discussion—This weighting may be performed optically, due to the Discussion—This type of interferometer is generally used only for
finite optical throughput, or digitally, through multiplication by an far infrared spectrometry.

apodization function, or both. The ILS function is the profile of the . . . . . )
spectrum of a monochromatic source producing a beam with the samlgterferometer’ Michelson—interferometer in which an ap

throughput as the beam in the actual measurement being performed. proxmately collimated beam of radiant engrgy is divided
) . . ) o into two paths by a beamsplitter; one beam is reflected from
instrument response time—the time required for an indicat- 3 movable mirror and the other from a stationary mirror, and
ing or detecting device to undergo a defined displacement they are then recombined at the beamsplitter.
_ following an abrupt change in the quantity being measuredinterferometer, rapid-scanning—interferometer in which the
integration period, m—the time, in seconds, required for the  yetardation is varied rapidly enough that the modulation
pen or other indicator to move 98.6 % of its maximum travel  frequencies in the interferogram are sufficiently high that the
in response to a step function. interferogram signal can be amplified directly without addi-
Discussion—For instruments with a first-order response, the integra-  tional modulation by an external chopper.
tion period will be approximately equal to four times the exponentialinterferometer, refractively scanned—interferometer in
time constant. It is equal to the period, classically defined, for a second which the retardation between two beams is generated by the
order, critically damped response system. movement of a wedged optical element.

intercorrelation coefficient, (ryyx)—a measure of the linear interferometer, slow-scanning—interferometer in which the

association between values of the same type of variable retardation is Cont_inuously varied, but so slowly that an
expressed as a correlation coefficiem), ( external chopper is needed to modulate the beam at a

frequency which is high enough for ac signal amplification.
interferometer, stepped-scanning—interferometer in which
the movable element is held stationary for the length of time
interferogram, 1(d )—record of the modulated component of required for signal integration and digitization of each
the interference signal measured as a function of retardation sample point, and then translated to the next sample point.
by the detector. internal conversion, n—a transition between electronic states
Discussion—1—An alternate symbol i (x). . of the same tptal spin quantum number (muIt|pI|C|ty)._
Discussion—2—The recommended symbol for the spectrum com. internal, reflephon attachment, IRA—'the transfer optical
puted froml (3) is B (v). An alternate symbol i8 (o). system which supports the IRE, directs the energy of the

) ) ) ) radiant beam into the IRE, and then redirects the energy into
interferogram, double-sided—interferogram measured with  he spectrometer or onto the detector. The IRA may be part

approximately equal retardation on either side of the center- f o internal reflection spectrometer or it may be placed into
_ burst. _ o the sampling space of a spectrometer.
interferogram, laser reference—sinusoidal mt_erferogram of_ internal reflection element (IRE)—the transparent optical
a laser source measured at the same time as the signalgiement used in internal reflection spectroscopy for estab-
interferogram. lishing the conditions necessary to obtain the internal reflec-
Discussion—The zero crossings of this interferogram are used to tion spectra of materials.
control sampling of the signal interferogram. It may also be noted that

other effectively monochromatic sources can be used in place of the
laser.

Discussion—The variables< andY are replaced by; andX, in the
equation for the correlation coefficient,

Discussion—Radiant power is propagated through it by means of
internal reflection. The sample material is placed in contact with the
reflecting surface or it may be the reflecting surface itself. If only a
interferogram, signal—interferogram of the beam of radiant single reflection takes place from the internal reflection element the

energy whose spectrum is desired. elemeﬂt is said to be a single reﬂgctiop element; if more than one
interferogram, single-sided—interferogram in which sam- reflection takes place, the element is said to be a multiple reflection

. 2 . element. When the element has a recognized shape it is identified
pling is '”'“atefj close to thg centerburst. and C,O”t'”ues according to each shape, for example, internal reflection prism, internal
through that point to the maximum retardation desired. reflection hemicylinder, internal reflection plate, internal reflection rod,
interferogram, white light—reference interferogram of a internal reflection fiber, etc.
broadband light source measured at the same time as the
signal interferogram and used to initiate data acquisition 01l
consecutive scans for signal-averaging.
interferometer—device used to divide a beam of radiant
energy into two or more paths, generate an optical path
difference between the beams, and recombine them in order
to produce repetitive interference maxima and minima as the,
optical retardation is varied.

interferometer, Genzel—interferometer in which the beam is
focused in the plane of the beamsplitter and collimated Discussion—Current experimental evidence indicates this process is
before the moving mirror(s). nonradiative.

interferometer, lamellar grating—interferometer in which intrinsic fiber optic chemical sensor,n—a fiber optic chemi-
the beam is reflected from two interleaved mirrors, one of cal sensor in which the modulation of the optical signal is

ernal reflection spectroscopy (IRS}— the technique of
recording optical spectra by placing a sample material in
contact with a transparent medium of greater refractive index
and measuring the reflectance (single or multiple) from the
interface, generally at angles of incidence greater than the
critical angle.

tersystem crossing—-a transition between electronic states
that differ in total spin quantum number (multiplicity).
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effected through a change in the properties of the opticaheutral filter—seefilter, neutral.

fiber itself, and such modulation occurs while the radiantNMR absorption band; NMR band—a region of the spec-

energy is guided by the optical fiber. trum in which a detectable signal exists and passes through
irreversible fiber optic chemical sensor,n—a fiber optic one or more maxima.

chemical sensor that undergoes a permanent depletion diMR absorption line—a single transition or a set of degen-

degradation of the transduction element as a result of the erate transitions is referred to as a line.

transduction process. NMR apparatus; NMR equipment—an instrument compris-

. Lo ing a magnet, radio-frequency oscillator, sample holder, and

Discussion—An example is a sensor based on an indicator that reacts detector that i ble of duci lectrical si |
irreversibly with the target analyte and that cannot be replenished after a _e ector a IS capable o progucing an eep ncal signa
measurement. suitable for display on a recorder or an oscilloscope, or

. . . . e which is suitable for input to a computer.
isoabsorptive point—a wavelength at which the absorptivities ,,cjear magnetic resonance (NMR) spectroscopythat

_ of two or more substances are equal. . form of spectroscopy concerned with radio-frequency-
isosbestic point—the wavelength at which the absorptivities of  ;,quced transitions between magnetic energy levels of
two substances, one of which can be converted into the 5iomic nuclei.

. othef, are equal.. ) . numerical aperture (NA), n—the sine of one half of the
isostilbic point, n—in luminescence, the wavelength at which \artex angle of the largest cone of meridional rays that can

the intensity of emission of a sample does not change during gnter or leave an optical system or element, multiplied by the
_ a physical interaction or chemical reaction. _ refractive index of the medium in which the cone is located.
linear dispersion—the derivative, ®&/d\, where x is the

distance along the spectrum, in the plane of the exit slit, and Discussion—Numerical aperture is generally measured with respect
\ is the wavelength to an image point and will vary as that point is moved. For an optical

. . fiber in which the refractive index decreases abruptly fronon the
lock signal (NMR)—the NMR signal used to control the axis ton, in the cladding, the maximum theoretical numerical aperture

field-frequency ratio of the spectrometer. It may or may not s given by the relation, as follows:
be the same as the reference signal.
luminescence—the emission of radiant energy during a tran-
sition from an excited electronic state of an atom, moleculeynere,n, is the refractive index of the medium from which radiant energy
or ion to a lower electronic state. is being launched into the fiber (for ai, = 1), A is the acceptance angle,
n , is usually taken as the refractive index of the core and [mglif the
refractive index of the innermost homogeneous cladding. However, for a
%ﬁaded-index fiber, because the NA varies with the distance from the
center of the fiber, the true NA depends on the maximum refractive index
found on the fiber end-face, which is at the center and is progressively less
as the distance from the center increases. Typical numerical apertures for

mid-infrared —pertaining to the infrared region of the elec- optical fibers range from 0.25 to 0.45. Loose terms such as “openness”,
“light-gathering ability”, “angular acceptance”, and “acceptance cone”

tromagnetic spectrum with wavelength range from approxi- . )
h d t th | ture. &Beept
mately 2.5 to 25 pm (wavenumber range 4000 to 40C0Hcm aﬁ\;@?een used to describe the numerical aperture ance
modulate, v—to vary a characteristic or parameter of an entity

in accordance with a characteristic or parameter of anothdNyquist frequency—modulation frequency or wavenumber

NA = n,sinA = (n,2 — n,?)*? (10)

Discussion—1—The recommended unit for “sample pathlength” is
centimetres. This distance does not include the thickness of the walls
any absorption cell in which the specimen is contained.

Discussion—2—In strict usage, a more appropriate term would be*
specimen pathlength.” This is currently under advisement by E-13.

entity. above which aliasing occurs.
modulation frequency, f ,—the frequency, in Hz, at which Discussiov—The Nyquist frequency is one half of the sampling
radiant energy of a given wavenumber is modulated by a frequency.
rapid-scanning interferometer. observed fluorescence lifetime;—the time required for the
Discussion—1—This is given by the product of the wavenumber (cm ~ fluorescence intensity to decay to 1/e of its initial value after
-1) and the rate of change of retardation (crf).s the termination of excitation.
Discussion—2—An alternate symbol i§ .. optical fiber, n—a filament-shaped dielectric material that

molar absorptivitye— seeabsorptivity, molar. guides radiant energy.

monochromator—a device or instrument that, with an appro- Discussion—An optical fiber usually consists of a single discrete
priate energy source, may be used to provide a continuous optically transparent transmission element consisting at least of a
calibrated series of electromagnetic energy bands of deter- cylindrical core with cl_adding on the outside. Though mostpptical fiber
minable wavelength or frequency range. cross sections are circular, there are other cross sections, such as

multiple correlation coefficient, (R)—the correlation, r., elliptical, rectangular, planar and slotte_d, for special purposes. All of
Yy’ them are collectively termed as waveguides. The refractive index of the

between the accepted reference valugsand the values 46 must be higher than that of the cladding for electromagnetic waves

determined using the calibration equatiofy, equal to the (photons) to remain within and propagate in the fiber. If the incidence

square root of the coefficient of multiple determinati®, angle of rays at the core-cladding interface exceeds the critical angle,
near-infrared_pertaining to the infrared region of the elec- the rays will be totally reflected back into the core. The electromagnetic

tromagnetic Spectrum with Wave|ength range from approxi_ waves can be modulated with an information-bearing signal.

mately 0.78 to 2.5 um (wavenumber range 12 800 to 400@ptical path difference- seeretardation.

cm). optical retardation— seeretardation.
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passive fiber optic chemical sensom—a fiber optic sensor tween a fluorophor and another substance present in the
that utilizes the intrinsic spectroscopic properties of the system.
analyte to modulate the optical signal. radiant energy—energy transmitted as electromagnetic
. ) waves.
Discussion—Examples include remote fiber Raman, fluorescence, . . . .
infrared, and visible spectroscopic sensors. radiant power, P_— the rate at which energy is transported in
a beam of radiant energy.
phase correction—the operation in which the effects of an Raman line (band)—a line (band) that is part of a Raman
asymmetrical or chirped interferogram are corrected to spectrum.
eliminate instrumental phase contributions. Raman shift—the displacement in wavenumber of a Raman
phase modulatior—modulation produced by rapid oscillation  |ine (band) from the wavenumber of the incident monochro-
of one mirror of a scanning interferometer through an matic beam.
amplitude which is smaller than the shortest wavelength in
the spectrum to produce an interferogram which is, to a good
approximation, the first derivative of the conventional inter-
ferogram.
phosphorescence-the emission of radiant energy from an Raman spectrum—the spectrum of the modified frequencies
atom, molecule, or ion resulting from absorption of a photon  resulting from inelastic scattering when matter is irradiated
and a subsequent transition to the ground state with a changePy @ monochromatic beam of radiant energy.

in total spin quantum number (see aisersystem cross- Discussio—Raman spectra normally consist of lines or bands at

ing). frequencies higher and lower than that of the incident monochromatic
beam.

Discussios—Raman shifts are usually expressed in units of tm
They correspond to differences between molecular vibrational, rota-
tional, or electronic energy levels.

Discussion—The initial state of the transition is usually a triplet

state. The average time interval between absorption and phosphoregtioed spectrum, n—the calculated ratio of two single-beam

cence is usually greater than 0 spectra, one of which is a background spectrum.
photometer—a device so designed that it furnishes the ratio,/éference compound (NMRj—a selected material to whose

or a function of the ratio, of the radiant power of two Signal the spectrum of a sample may be referred for the

electromagnetic beams. These two beams may be separatedneasurement of chemical shift (see at$wmical shiff).

in time, space, or both. reference materia—a material or substance one or more
photometric linearity —the ability of a photometric system to ~ Properties of which are sufficiently well established to be

yield a linear relationship between the radiant power incident used for the calibration of an apparatus, the assessment of a

on its detector and some measurable quantity provided by measurement method, or for assigning values to materials

the system. (ISO Guide 30-1981 (E)).

_ - ~ reference spectrum,n—an established sample spectrum.
Discussion—In the case of a simple detector-amplifier combination,

the relationship is a direct proportionality between incident radiant Discussion—This spectrum is typically stored in retrievable format
power and the deflection of a meter needle or recorder pen. so that it may be compared against the sample spectrum of an analyte.

o Discussion—This term has sometimes been used to refer to a
precision—the closeness of agreement between randomly packground spectrum; such usage is not recommended.

selected individual measurements or test results (see Termi- i )
nology E 4565. reflectance,R— the ratio of the radiant power reflected by the

sample to the radiant power incident on the sample.
Discussion—The standard deviation of error of a measurement mayrefractive index, n—the phase velocity of radiant power in a
be used as a measureiofprecision vacuum divided by the phase velocity of the same radiant
principal component analysis—a mathematical procedure for ~ Power in a specified medium. When one medium is a
resolving sets of data into orthogonal components whose Vacuumnis the ratio of the sine of the angle of incidence to

linear combinations approximate the original data to any the sine of the angle of refraction. o
desired degree of accuracy. regenerable fiber optic chemical sensom—an active fiber
optic chemical sensor that can be used for repetitive mea-

. . ; _ >~ surements by reviving an otherwise permanently depleted or
nent accounts for the maximum possible amount of residual variance in

the set of data. In spectroscopy, the data are usually spectra, and thedl:"gr"’ldeci transduction element by chemical or physical

number of components is smaller than or equal to the number of means.
variables or number of spectra, whichever is less.

Discussion—As successive components are calculated, each compo-

Discussion—An example is a sensor based on an indicator that reacts

pulse Fourier transform NMR —a form of NMR in which the irreyer_sibly with th(_a target an_aly_te, and which makes provision for the
L - . periodic regeneration of the indicator substance.
sample is irradiated with one or more pulse sequences of
radio-frequency power spaced at uniform time intervals, andesolving power, R, n—the ratioA\/AX where\ is the wave-
the averaged free induction decay following the pulse length of radiant energy antix is the resolution expressed
sequences is converted to a frequency domain spectrum by ain wavelength units; or, alternatively, the raiid\ v where
Fourier transformation. v is the wavenumber of radiant energy being examined and
guenching, n—the reduction of fluorescence by a competing A v is the resolution expressed in wavenumber units.
deactivating process resulting from specific interaction befesolution A\, A v, n—of a dispersive spectrometer, in mole—
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cular spectroscopythe wavelength intervalA\, or wave-
number intervalA v, of radiant energy leaving the exit slit

sampling interval—difference in retardation between succes-

sive sample points in an interferogram.

of a monochromator measured at half the peak detectescattering, 90° (or 180°}—scattering which is observed at an

radiant power.

Discussion—1—For further clarification, the conditions for measure-
ment of the resolution should be given.
Discussion—2—The term “practical resolution,”AN)"S/N, is the

resolution applicable to an instrument operated at a given integratio

period,, and a given signal-to-noise rati&N, measured at or near
100 % on a transmittance scale.
Discussion—3—The term “limiting resolution,” \), , is the mini-

angle of 90° (or 180°) to the direction of the incident beam.

Discussion—These are the usual scattering angles for Raman spec-
troscopy.

I§elf—quenching,n—in luminescence, the reduction of lumines-

cence through the depletion of an excited atomic or molecu-
lar entity by interaction with another entity of the same
species in the ground state.

mum resolution achievable under optimum experimental conditions. sequential excitation NMR; continuous wave (CW)

Discussion—4—The term *“theoretical resolution,”AQ),, is the

NMR—a form of high-resolution NMR in which nuclei of

computed resolution. This term should be used sparingly and only (ifferent field-frequency ratio at resonance are successively

when all the factors in the computation of resolution are given.

retardation, 8—optical path difference between two beams in

excited by sweeping the magnetic field or the radio fre-
guency.

an interferometer; also known as “optical path difference” orsignal-to-noise ratio, S/N—the ratio of the signalS to the

“optical retardation”.

Discussion—1—The recommended unit for retardation is cm.
Discussion—2—An alternate symbol is.

retardation, maximum, A—the greatest retardation generated
by an interferometer in a given scan.

Discussion—1—the nominal resolution of the spectrum ig m .
DiscussioN—2—An alternate symbol is X.

reversible fiber optic chemical sensor,n—a fiber optic

chemical sensor in which the transduction element does not
undergo a permanent depletion or degradation as a result of

the transduction process.

noise,N, as indicated by the instrumental read-out indicator.

Discussion—1—Noise as used here is the random variation of signal
with time.

Discussion—2—The recommended measure of noise is the maxi-
mum peak-to-peak excursion of the indicator averaged over a series of
five successive intervals, each of duration ten times the integration
period. In some instruments signal-to-noise ratio varies with the signal.

simple linear regression—a statistical method of estimating

the linear relationship between a dependent varighled an
independent variablg using the linear model

y=b,+b,X +e (12)

Discussion—The coefficientb, is theinterceptand the coefficienb,

Discussion—An example is an oxygen sensor based on the reversible s the slope, which are calculated from the data takey andx ande
guenching of fluorescence in an indicator substance by the presence of is the residual error.

oxygen.

root mean square difference, RMSD—a measure of accu-
racy determined by the following equation:
1 12
RMSD = (ﬁ quz> (11)
where:

n = the number of observations for which the accuracy is
determined, and

e = the difference between a measured value of a property

and its accepted value.

Discussion—Let Xy, X5, --+,X;, ---,X,be determinations of a property
of a material inn specimens, and let;, Y,,--- ,Y;, ---,Y, be similar
determinations by a reference method. De#re Y ; - X;. TheRMSD

contains both systematic and random components of the differences.

sample pathlength,b—in a spectrophotometethe distance,

single-beam spectrum,n—a spectrum determined through

one physical path.

Discussion—This spectrum may be simply the instrument response
function as measured by the detector, or it may include spectral features
resulting from the presence of a sample or sampling device. In a Fourier
transform instrument, the single-beam spectrum is that obtained using
Fourier transformation of the detected signal.

single-pass internal reflection elemenrt- in internal reflec-

tion spectroscopy, an internal reflection element in which the
radiant power transverses the length of the element only
once; that is, the radiant power enters at one end of the
optical element and leaves via the other end.

singlet state—an electronic state with a total spin quantum

number of zero.

pecimen pathlength seesample pathlength
spectral bandwidth- seeresolution.

measured in the direction of propagation of the beam ofpectral position—the effective wavelength or wavenumber of
radiant energy, between the surface of the specimen on an essentially monochromatic beam of radiant energy.
which the radiant energy is incident and the surface of thespectral resolution—seeresolving power.

specimen from which it is emergent.
sample spectrum,n—a spectrum, either single-beam or ra-

spectral slit width—the mechanical width of the exit slit,

divided by the linear dispersion in the exit slit plane.

tioed, that contains spectral features due to an analyte a&fpectrograph—an instrument with one slit that uses photog-

interest.

sampling—seedigitization.

sampling frequency—number of interferogram data points
digitized per second in a single scan.

raphy to obtain a record of a spectral range simultaneously.
The radiant power passing through the optical system is
integrated over time, and the quantity recorded is a function
of radiant energy.
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spectrometer—an instrument for measuring some function of & = s the mean of all the ;.

power, or other physical quantity, with respect to spectraktray radiant energy—all radiant energy that reaches the
position within a spectral range. detector at wavelengths that do not correspond to the spectral
spectrometry, —The branch of physical science treating the position under consideration.
theory and practice of the measurement of spectra. stray radiant power, P .—the total detected radiant power
spectrophotometer—a spectrometer with associated equip- outside a specified wavelength (wave number) interval each
ment, so designed that it furnishes the ratio, or a function of side of the center of the spectral band passed by the
the ratio, of the radiant power of two beams as a function of monochromator under stated conditions for wavelength
spectral position. The two beams may be separated in time, (\wave number), slit dimensions, light source, and detector.
space, or both. stray radiant power ratio, P/P —the ratio of stray radiant

spectroscopy,n—the branch of physical science treating the power to the total detected radiant power.

theory and interpretation of spectra (see Terminology _ o
E 135). Discussion—P; = Py + Pg wherePy is the power detected within the

. specified wave length (wavenumber)-interval each side of the center of
spectrum, n—an actual or notational arrangement of the

. _the spectral band passed by the monochromator.
component parts of any phenomenon, as electromagnetlc . .
waves or particles, ordered in accordance with the magni>tCKes line (bandj—a Raman line (band) that has a frequency

tude of a common physical property, as wavelength, fre- lower than that of the incident monochromatic beam.

quency, or mass. surface reflection—reflection in which radiant energy is
spectrum, internal reflection—the spectrum obtained by the  réturned exclusively at the surface of the specimen.
technique of internal reflection spectroscopy. throughput—the vector product of the area and solid angle of

a beam at its focus and the square of the refractive index of
Discussion—Depending on the angle of incidence the spectrum the medium in which the beam is focused.
recorded may qualitatively resemble that obtained by Convemiona{ransflection—an experimental method whereby radiant en-

transmission measurements, may resemble the mirror image of the erav that is transmitted throuah the specimen is returned
dispersion in the index of refraction, or may resemble some composite gy g P

of the two. through the specimen by means of an external reflector.
specular reflection—reflection without diffusion, in accor- Discussion—Transflection is sometimes referred to as transmission/
. . . . . reflection interaction.
dance with the laws of optical reflection, as in a mirror, (see o o _ _
Terminology E 284). transmission/reflection interaction—seetransflection.

transmittance, T— the ratio of radiant power transmitted by

Discussion—Specular reflection is preferred to the term regular the sample to the radiant power incident on the sample

reflection.

. . i Discussion—In practice the sample is often a liquid or a gas
spin-spin coupling constant (NMR)J—a measure, expressed  .ontained in an absorption cell. In this case, the observed transmittance

in hertz (Hz), of the indirect spin-spin interaction of different s the ratio of the radiant power transmitted by the sample in its cell to
magnetic nuclei in a given molecule. the radiant power transmitted by some clearly specified reference
material in its cell, when both are measured under the same instrument
conditions such as spectral position and slit width. In the case of solids
not contained in a cell, the radiant power transmitted by the sample is
also measured relative to that transmitted by a clearly specified
standard error of calibration, (SEC)—a measure of calibra- reference material. The observed transmittance is seldom equal to the
tion accuracy determined by the following equation: true transmittance.

Discussion—The notatiofJ,g is used to represent a coupling over
bonds between nucleh and B. When it is necessary to specify a
particular isotope, a modified notation may be used, suctias°NH).

triplet state—an electronic state with a total spin quantum

1 12
SEC = <m Zi”zlqz) (13) number of one.
ultraviolet—pertaining to the region of the electromagnetic
where: spectrum from approximately 10 to 380 nm. The term
n = the number of observations in the calibration data set, ultraviolet without further qualification usually refers to the
p = the number of independent variables in the calibration, region from 200 to 380 nm.
and variable-angle internal reflection element— an internal re-
g = the difference between a measured value of a property flection element which can be operated over a range of
and its accepted value. angles of incidence.
standard error of performance, (SEP)—a measure of accu- visible—pertaining to radiant energy in the electromagnetic
racy determined by the following equation: spectral range visible to the normal human eye (approxi-
1 o 5 mately 380 to 780 nm).
SEP = [_n —121-1(6 -9 ] (14)  wavelength, \— the distance, measured along the line of
propagation, between two points that are in phase on
where: adjacent waves.
n = the number of observations for which the accuracy is
determined, Discussion—The recommended unit of wavelength in the infrared

e = the difference between a measured value of a property region of the electromagnetic spectrum is the micrometre. The recom-
and its accepted reference value, and mended unit in the ultraviolet and visible region of the electromagnetic

spectrum is the nanometre or the angstrom.
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wavenumber, v—the number of waves per unit length. Discussion—The result of performing the FT of a zero-filled inter-
ferogram is to produce correctly interpolated points in the computed

Discussion—The usual unit of wavenumber is the reciprocal centi- spectrum.

metre, cm™. In terms of this unit the wavenumber is the reciprocal of
the wavelength), when\ is expressed in centimetres. zero path difference poirt seecenterburst.

zero-filling—addition of zero-valued points to the end of a zero retardation poirt- seecenterburst.
measured interferogram.
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