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JAPANESE INDUSTRIAL STANDARD JIS K 0134 : 2002

General rules for near-infrared
spectrophotometric analysis

1 Scope This Japanese Industrial Standard specifies the general rules for the
qualitative analysis or quantitative analysis of inorganic substances and organic
substances using a near-infrared spectrophotometer (1).

Note (1) A near-infrared ray refers to the range from 700 nm to 2 500 nm of wave-
length (from 14 286 cm! to 4 000 cm-! of wave number).

2 Normative references The standards given in the following contain provisions
which, through reference in this Standard, constitute provisions of this Standard.
The most recent editions of the standards (including amendments) shall be applied.

3

JIS C 6802
JIS K 0050
JIS K 0211
JIS K 0212
JIS K 0215

Safety of laser products

General rules for chemical analysis

Technical terms for analytical chemistry (general part)
Technical terms for analytical chemistry (optical part)

Technical terms for analytical chemistry (analytical instrument part)

Definitions For the purposes of this Standard, the definitions in JIS K 0211,

JIS K 0212 and JIS K 0215, and the following definitions shall apply.

a)

b)

c)

d)

e)

interferogram A diagram which shows the signal from a Michelson interfer-
ometer with the optical path difference of light as abscissa, and the intensity of
light as ordinate.

apodization Mathematical operation which superimposes the suitable func-
tion on an interferogram in order to reduce strain, etc. of the spectrum produced
due to the limited scanning distance which a Michelson interferometer has.

specular reflection method A method for measuring the intensity of reflected
light using the specular reflection (mirror reflection) of the light on the surface
of specimen. Since a reflectance serves as a function of complex refractive in-
dex, it is necessary to use Kramers-Kronig transformation for changing to an
absorption spectrum.

Kramers-Kronig transformation A method for obtaining the absorption spec-
trum and/or the spectrum of refractive index from the spectrum of complex re-
fractive index obtained by the measurement of reflection.

diffuse reflection method A method for measuring the intensity of reflected
light from the specimen using the diffuse light. In order to change to an ab-
sorption spectrum, Kubelka-Munk transformation is used.

Kubelka-Munk transformation A method transforming the spectrum mea-
sured by the diffuse reflection method into an absorption spectrum.
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g) transflectance A method for measuring both the transmitted light and the
diffuse-reflected light when making the measuring beam enter the cell which
has a diffuse-reflection plate in the bottom part.

h) acousto-optical tunable filter; AOTF A band pass filter using the diffrac-
tion grating which is capable of changing the grating spacing by changing the
frequency of sound wave which is propagated through substances electrically.
Among the acousto-optical elements using this principle, there is also an ele-
ment used as a diffraction grating, and it is called an acousto-optical diffrac-
tion grating.

i) chemometrics A generic term of the technique aiming at maximization of the
amount of chemical information obtained from chemical data, along with carry-
ing out the planning and selection of the optimal procedure and the optimal
design of experiment by using a mathematical method and statistical method.
There are many methods, such as pattern recognition, determination, and neu-
ral network.

4 Outline A near-infrared spectrophotometric analysis method is a method for
performing the qualitative analysis and quantitative analysis by measuring absorp-
tion and/or dispersion of light, etc. produced due to the mutual interaction between
a solid (including powder) or liquid specimen and near-infrared light, and by using
their spectra.

The equipment used for the near-infrared spectrophotometric analysis method in-
cludes a dispersion type near-infrared spectrophotometer composed of a spectroscopic
system using a diffraction grating, acousto-optical element, etc., an interferometer,
a Fourier transform near-infrared spectrophotometer composed of a computing unit,
etc. for obtaining spectra, an interference filter near-infrared spectrophotometer using
an interference filter, and so on.

For the near-infrared spectrophotometric analysis method, a reflection method is
mainly used for a solid (including powder) specimen, and a transmission method is
mainly used for a liquid specimen. From the obtained spectra, the qualitative analysis
and/or quantitative analysis are performed mainly using the multivariate analysis
method, such as the multiple regression analysis method and factor analysis method.

5 Equipment
5.1 Composition of equipment

5.1.1 Dispersion type near-infrared spectrophotometer The examples of com-
position of the dispersion type near-infrared spectrophotometer are shown in Fig. 1
and Fig. 2. The dispersion type near-infrared spectrophotometer uses a diffraction
grating, prism, acousto-optical element, etc. as the dispersion element in the spec-
troscopy part. For the detection method, there are methods for detecting light in
single wavelength, and for detecting light in two or more wavelengths simultaneously.
For the photometric system, there are a double-beam system and a single-beam sys-
tem. Furthermore, for the irradiation system, there are a system which irradiates
the light which carried out the spectral diffraction on the specimen, and a system
which irradiates white light on the specimen and carries out the spectral diffraction
of the light from the specimen.
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Light source | Spectroscopy | | Specimen | : | Detector |—»| Amplifier # Signal
part part part : i | processing part
Photometry part
------------------------------------------------- v
Indication, recording |, Data
and output part processing part

Fig.1 An example of dispersion type near-infrared
spectrophotometer (A)

Light source Specimen | | Spectroscopy

L »| Detector —», Amplifier |-+ Signal

_’ d .
part part part : i | processing part
Photometry part
-------------------------------------------------- h 4
Indication, recording < Data
and output part processing part

Fig. 2 An example of dispersion type near-infrared
spectrophotometer (B)

a) Light source part The light source part consists of a light source radiator,
power source for the light source, etc.

1) The light source radiator (e.g. a halogen lamp, tungsten lamp, light emit-
ting diode, laser) shall stably radiate near-infrared light using silicon car-
bide, nickel chromium alloy, ceramics, etc., as radiator materials.

2) The power source for the light source shall supply a stable voltage and current
to the light source.

b) Specimen part The specimen part consists of a specimen cell, a specimen holder,
holders capable of attaching ancillary devices independently or attaching ancil-
lary devices in combination with them, and so on. When using an optical fiber,
the specimen part is installed mostly separately from the spectrometer.

¢) Spectroscopy part The spectroscopy part is for taking out the light of the
required wavelength with a dispersion device, and consists of a slit, mirror, dis-
persion device, etc. For the dispersion devices, there are a prism, diffraction
grating, acousto-optical element, etc.

d) Photometry part The photometry part consists of a detector and amplifier.

1) Detector The detector is used for transforming an incident light into an
electric signal, such as current or voltage according to the intensity of light,
and a semiconductor detector is mainly used because of the superiority in
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speed of response, sensitivity, etc. In addition, a pyroelectric detector,
photomultiplier tube, etc. are used.

2) Amplifier The amplifier is required to be capable of amplifying the elec-
tric signal from the detector to a magnitude easy to process in the succeed-
ing signal processing system.

e) Signal processing part The signal processing part has the function of separat-
ing the signal required for measurement from the output signal of amplifier and
generating the output. The signal processing system includes the analog pro-
cessing and digital processing systems.

f) Data processing part The data processing part has the functions of data
conversion, spectrum analysis, etc. The data conversion includes reflectance-trans-
mittance-absorbance transformation, Kubelka-Munk transformation, differentia-
tion transformation, normalization transformation, etc. The spectrum analysis
includes multivariate analysis, etc. Furthermore, there are differential-spectrum
calculation, baseline correction, calibration curve creation, spectrum data retrieval,
ete.

g) Indication, recording and output part The indication, recording and out-
put part consists of a CRT, liquid crystal, light emitting diode, printer, etc. It
has the function of generating the output of data, analysis results, data pro-
cessing results, etc. through a recorder, printer, etc. Furthermore, this part
may have also an external output terminal.

5.1.2 Fourier transform near-infrared spectrophotometer An example of the
composition of a Fourier transform near-infrared spectrophotometer is shown in Fig. 3.
The equipment consists of a light source part, spectrophotometry part, optical fiber
part(2), specimen part, signal processing part, data processing part(?), indication,
recording and output part, etc.

Note (2) The optical fiber part is not an indispensable element of the system.
Furthermore, there is also the equipment of which the data process-
ing part is not independent.
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Fig. 3 An example of Fourier transform near-infrared
spectrophotometer

a) Light source part The light source part consists of a light source radiator,
power source for the light source, etc.

1) Light source radiators Follow 5.1.1 a) 1).
2) Power source for light sources Follow 5.1.1 a) 2).

b) Spectrophotometry part The spectrophotometry part consists of an inter-
ferometer, sampling signal generator, detector, amplifier, A/D converter, etc.

1) Interferometer A Michelson interferometer, Transept interferometer, po-
larization interferometer, etc. are used.

2) Sampling signal generator The sampling signal generator shall gener-
ate the sampling pulse signal used for measurement of an interferogram.
Usually the interference signal of a helium-neon laser is used.

3) Detector Follow 5.1.1 d) 1).
4) Amplifier Follow 5.1.1 d) 2).

5) A/D converter The A/D converter has the function of converting analog
signal into digital signal.

¢) Optical fiber part The optical fiber part consists of an optical fiber, collima-
tor, etc., and has the function of transmitting light to the specimen part in-
stalled at the site located away from the body of spectrophotometer. In the case
where the specimen part is installed in the body of spectrophotometer, the spec-
trophotometer may be composed without the optical fiber part.

1) Although, for the optical fiber, a quartz glass optical fiber is generally used,
optical fibers made of materials, such as fluorides, chalcogenides, may be
used for a long wavelength range (2 000 nm to 2 500 nm).
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