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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 {fansmission 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 magnet'B 6eguﬁe'deﬂ.t?

5 Document Sharing Hub

Full document details: ASTM E131-00a


http://www.avadocuments.com/doc/astm-e131-00a
http://www.avadocuments.com/doc/astm-e131-00a

. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy E 131

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. Documents
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