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QHny) Designation: E 1683 — 95a

Standard Practice for
Testing the Performance of Scanning Raman
Spectrometers *

This standard is issued under the fixed designation E 1683; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Use of this practice is intended only for trained optical

1.1 This practice is designed for routine testing of scanningP€ctroscopists and should be used in conjunction with stan-
Raman spectrometer performance and to assist in locatirggrd texts.
problems when performance has degraded. It is also intend
as a guide for obtaining and reporting Raman spectra. ) i
1.2 This standard does not purport to address all of the 9-1 Laser—A monochromatic, continuous laser source,
safety concemns, if any, associated with its use. It is théUch as an argon, krypton, or helium-neon laser, is normally
responsibility of the user of this standard to establish appro_used for Raman measurements. The laser intensity should be

priate safety and health practices and determine the applicafeasured at the sample with a power meter because optical
bility of regulatory limitations prior to use.For specific components between the laser and sample reduce laser inten-

precautions, see 7.2.1. sity. A filtering device should also be used to remove non-

1.3 Because of the significant dangers associated with tH@Sting plasma emission lines from the laser beam before they
use of lasers, ANSI Z136.1 should be followed in conjunctionreaCh the sample. Plasma lines can seriously interfere with

%d. Apparatus

with this practice. Raman measurements. Filtering devices include dispersive

monochromators and interference filters.

2. Referenced Documents 5.2 Sampling Optics-Commercial instruments can be pur-
2.1 ASTM Standards: chased with sampling optics to focus the laser beam onto a
E 131 Terminology Relating to Molecular Spectroscopy ~Sample and to image the Raman scattering onto the monochro-
2.2 ANSI Standard: mator entrance slit. Sample chamber adjustments are used to
7136.1 Safe Use of Lasérs center the sample properly and align the Raman scattered light.

A schematic view of a conventional 90° Raman scattering

3. Terminology geometry is shown in Fig. 1. The laser beam propogates at a
3.1 Termino'ogy used in this practice conforms to thenght angle to the direction in which scattered ||ght is collected.

definitions in Terminology E 131. It is focused on the sample at the same position as the

monochromator entrance slit image. Other geometries such as

4. Significance and Use 180° backscattering are also used. With single monochroma-

4.1 A Scanning Raman spectrometer should be checkd@rs, a filter is normally placed in the optical collection path to
regularly to determine if its condition is adequate for routineblock light at the laser frequency from entering the monochro-
measurements or if it has changed. This practice is designed fBator.
facilitate that determination and, if performance is unsatisfac- 5.3 Polarization—For routine measurements the polariza-
tory, to identify the part of the system that needs attentiontion of the laser at the sample is oriented normal to the plane
These tests apply for single-, double-, or triplemonochromato®f the page in Fig. 1. However, measurements using different
scanning Raman instruments commercially available. They dgolarizations are sometimes used to determine vibrational
not apply for multichannel or Fourier transform instruments, orSymmetries as part of molecular structure determinations. A

for gated integrator systems requiring a pulsed laser sourc¥ariety of optical configurations can be used to make polariza-
tion measurements; a detailed discussion of these is beyond the

- scope of this practice. Briefly, for polarization simple measure-
* This practice is under the jurisdiction of ASTM Committee E-13 on Molecular ments of randomly-oriented samples (most of the clear lig-
Spectroscopy and is the direct responsibility of Subcommittee E13.08 on Ramagijds), an analyzing element such as a polaroid filter or

Spectroscopy. ; H ; ;

Current edition approved Sept. 10, 1995. Published November 1995. Originall;?‘nalyzmg prism 1S adde.d to the optlcal system a.”d Raman
published as E 1683 — 95. Last previous edition E 1683 — 95. spectra are collected for light scatteredipthe same direction

2 Annual Book of ASTM Standagdéol 03.06. as the source (parallel),2 perpendicular to the source.

3 Available from American National Standards Institute, 11 W. 42nd Street, 13th
Floor, New York, NY 10036.
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Entrance slit of monochromator

® signifies translation
out of the page
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Laser focusing lens
FIG. 1 Typical Raman Scattering Measurement Geometry

Depolarization ratios are calculated using Raman band interturer for detailed sample chamber alignment instructions. Upon

sities from the two spectra as follows: installation, each optical component should be aligned indi-
o _ Intensity parallel vidually. For optimal alignment the sample image should be
Depolarization ratio= Intensity perpendicular (1) centered on the entrance slit of the monochromator (often

viewed through a periscope accessory or with the aid of a

5.3.1 A polarization scrambler is shown in Fig. 1. This . . : .
element is used to avoid making corrections for polarization—hlghly scattering sample or a white card at the slit). To perform

dependent grating effects. The scrambler is also frequentlthe alignment a test sample is mounted in the sample compart-

. 7 ent, centered in the laser beam, and translated to the
used during routine measurements and should be place

between the sample and entrance slit, close to the colIectio"’r\pprox'mate center of the monochromator optic axis. The

o O[nonochromator is set to monitor a strong Raman band and its
lens. A polaroid filter placed between the scrambler an ianal is maximized by adiusting the sample stage. lenses. or a
collection lens provides a simple polarization measuremert & 1S T y adj 9 P g€, '
system combination of the two. Normally three orthogonal lens

5.4 Monochromator—A scanning monochromator used for adjustments are usedt)(the laser focusing lens is translated

Raman spectroscopy will exhibit high performance require-along the direction of the beam?)(the Raman scattering

ments. Double and triple monochromators have particularl collection lens, positioned between the sample and the entrance

stringent performance standards. During the original instru)-é“t’ is translated along the direction of the propogating

ment design, features are usually introduced to minimiz scattered light in order to provide focus; ard] the collection

: . : icaEns is translated perpendicular to the scattered light in order to
optical aberrations. However, proper maintenance of optica . . :
X i . . can the image of the laser-excited scattering volume across the
alignment is essential. A focused image on the entrance Sl\ﬁvidth of the monochromator entrance slit. (Refer to Fig. 1.)
should be optically transferred to and matched with the othe ' g. .

. . o This collection lens adjustment should be made during major
slits. If the monochromator is not functioning properly contact,

the manufacturer for assistance. instrument alignment (for example, during initial set-up), but

5.5 Photomultiplier Tube-A photomultiplier tube is nor- ShOUId not be necessary d“T'”g routine sample-to-sample
. o alignment. Sample and lens adjustments should be repeated as
mally used for detecting Raman scattered radiation. A tube . . :
: . necessary while the slits are narrowed from a relatively large
with good response characteristics at and above the laser:,; . . : i
. |H|t|al width down to the size determined by the resolution
wavelength should be selected. Dark signal can be reducere Lirements of the measurement
with thermoelectric cooling for improved detection of weak q i o )
signals. Current and voltage amplification or photon counting 6-2 Calibration: .
are commercially available options with photomultiplier tubes. 6.2.1 Spectral ResponseThe spectral response of an opti-
o o ] cal spectrometric system will depend on the efficiency of the
6. Guidelines for Obtaining and Reporting Raman gratings (which is both wavelength and polarization depen-
Spectra dent) and the spectral response of the photomultiplier tube.

6.1 Alignment of Optical ElementsRefer to the manufac- This can be measured routinely by colg@emmts
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