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INTERNATIONAL

Standard Test Method for
Estimating Stray Radiant Power Ratio of Dispersive

Spectrophotometers by the Opaque Filter Method  ?*

This standard is issued under the fixed designation E 387; 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 gratings in either single or double monochromators, and with

1.1 Stray radiant power (SRP) can be a significant source ¢fingle and double beam instruments.
error in spectroph.otometrlc measureme'nt& and the danger thalore 2—Instruments with array detectors are inherently prone to
such error exists is enhanced because its presence often is mating higher levels of SRP. See Annexes for the use of filters to reduce
suspectedl1-4).2 This test method affords an estimate of the SRP.

relative radiant power, that is, the Stray Radiant Power Ratio 1.3 The proportion of SRP (that is, SRPR) encountered with
(SRPR), at wavelengths remote from those of the nomina well-designed monochromator, used in a favorable spectral
bandpass transmitted through the monochromator of an absorgegion, typically is 0.1 % transmittance or better, and with a
tion spectrophotometer. Test-filter materials are described th@fouble monochromator it can be less thanlD®, even with a
discriminate between the desired WaVelengthS and those thgﬁoadband continuum source. Under these ConditionS, it may
contribute most to SRP for conventional commercial spectrope dificult to do more than determine that it falls below a
photometers used in the ultraviolet, the visible, the neagertain level. Because SRP test filters always absorb some of
infrared, and the mid-infrared ranges. These procedures appiiie SRP, and may absorb an appreciable amount if the specified
to instruments of conventional design, with usual sourcesmeasurement wavelength is not very close to the cutoff
detectors, including array detectors, and optical arrangemenigayelength of the SRP filter, this test method underestimates
The vacuum ultraviolet and the far infrared present SpeCIa!he true SRPR. Howeven actual measurement sometimes
problems that are not discussed herein. requires special technigues and instrument operating condi-
Note 1—Researck3) has shown that particular care must be exercisedtions that are not typical of those occurring during use. When
in testing grating spectrophotometers that use moderately narrow ban@dsorption measurements with continuum sources are being
pass SRP-blocking filters. Accurate calibration of the wavelength scale isnade, it can be that, owing to the effect of slit width on SRP
critical when testing such instruments. Refer to Practice E 275. in a double monochromator, these test procedures may offset in
1.2 These procedures are neither all-inclusive nor infalliblesome degree the effect of absorption by the SRP filter; that is,
Because of the nature of readily available filter materials, wittbecause larger slit widths than normal might be used to admit
a few exceptions, the procedures are insensitive to SRP of vegnough energy to the monochromator to permit evaluation of
short wavelengths in the ultraviolet, or of lower frequencies inthe SRP, the stray proportion indicated could be greater than
the infrared. Sharp cutoff longpass filters are available fowould normally be encountered in use (but the net effect is still
testing for shorter wavelength SRP in the visible and the neamore likely to be an underestimation of the true SRPR).
infrared, and sharp cutoff shortpass filters are available foWhether the indicated SRPR equals or differs from the
testing at longer visible wavelengths. The procedures are nétormal-use value depends on how much the SRP is increased
necessarily valid for “spike” SRP nor for “nearby SRP.” (Seewith the wider slits and on how much of the SRP is absorbed
Annexes for general discussion and definitions of these termsh)y the SRP filter. What must be accepted is that the numerical
However, they are adequate in most cases and for typicaAa|Ue obtained for the SRPR is a characteristic of the particular
applications. They do cover instruments using prisms oiest conditions as well as of the performance of the instrument
in normal use. It is an indication of whether high absorbance
measurements of a sample are more or less likely to be biased
* This method is under the jurisdiction of ASTM Committee E13 on Molecular by SRP in the nelghborhood_ Of_ the. analytlcal Wavelength
Spectroscopy and is the direct responsibility of Subcommittee E13.01 on Ultravioletvhere the sample test determination is made.
and Visible Spectroscopy. 1.4 The principal reason for a test procedure that is not
Current edition approved Feb. 1, 2004. Published March 2004. Originally, ; ; ;
approved in 1969. Last previous edition approved in 1995 as E 387 — 84 {1995) exaCtly relpreser)t_atl\,/'e_ of normal operation Is that the_ effects of
2 The boldface numbers in parentheses refer to the list of references at the end SRP are m_agmf'ed in sample m_easuremems at h'gh absor-
this standard. bance. It might be necessary to increase sensitivity in some

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



A8y E 387 — 04
“afl

way during the test in order to evaluate the SRP adequatelgample beam; the level of opacity must exist over the range of
This can be accomplished by increasing slit width and savavelengths where the photodetector is sensitive.

obtaining sufficient energy to allow meaningful measurement 3.2.3 corrected spectrum-the transmittance (absorbance)
of the SRP after the monochromatic energy has been removeghectrum of a SRP filter after the measured spectrum has been
by the SRP filter. However, some instruments automaticallydjusted for the offset of the open-beam spectrum and (trans-
increase sensitivity by increasing dynode voltages of thenittance mode) of the blocked-beam spectrum.
photomultiplier detector. This is particularly true of high-end 3.2 4 cutoff wavelength (wavenumberjhe wavelength
double monochromator instruments in their ultraviolet and(wavenumber) at which the transmittance of a sharp cutoff
visible ranges. A further reason for increasing energy Ofilter is 0.01 %.

sensitivity can be that many instruments have only absorbance 3 5 5 fjjter, longpass—an optical filter having high transmit-
scales, which obviously do not extend to zero transmittancggce at wavelengths longer than its absorption edge.

Even a SRP-proportion as large as 1 % may fall outside the 3.2.6 filter, moderately narrow bandpass SRP-blockirg

measurement range. filter used to reduce remote SRP by transmitting efficiently
Note 3—Instruments that have built-in optical attenuators to balanceover a limited band of wavelengths within a nominal wave-

sample absorption may make relatively inaccurate measurements beldength range of a spectrophotometer.

10 % transmittance, because of poor attenuator linearity. T_he spectroph_o- 3.2.7 filter, narrow blocking-bane-an optical filter having

tometer manufacturer should be consulted on how to calibrate transmhigh transmittance at shorter and at longer wavelengths than a

tance of the attenuator at such lower level of transmittance. . . . .
i , ) narrow band within which the transmittance is very low (that
1.5 High accuracy in SRP measurement is not alway$s |ess than 0.001 %).

required; a measurement reliable yvithin 10 or 20 % may be 3.2.8 filter, narrow transmission banréan optical filter
sufficient. However, regulatory requirements, or the needs of ﬂaving very low transmittance at shorter and longer wave-

FET(I’_UCUBI’ analysis, rtnay reqlulre mgch_hlglher accuracy. Pa'nﬁféngths than those of a narrow band within which some
aking measurements are always desirable. transmittances exceed 10 %.

1.6 This standard does not purport to address all of the 3.2.9 filter, neutral (also, neutral density: NB}a filter that

safety concerns, if any, associated with its use. It is the : :
L X , attenuates the radiant power reaching the detector by the same
responsibility of the user of this standard to establish appro- o :
; . . . _factor at all wavelengths within a prescribed wavelength
priate safety and health practices and determine the applica-

- o . region.
bility of regulatory limitations prior to use. ' . . .
y g y P 3.2.10filter, opaque—an optical filter that has transmit-

tances less than 0.01 % over a specified band of wavelengths.

3.2.11 filter, sharp cutoff—an optical filter that has a very
rapid transition in wavelengths (wavenumbers) from a state of
high transmittance to a state of very low transmittance (that is,
fess than 0.001 %) and that continues in that low transmittance
state to at least the end of the spectral region that is being
tested.

3.2.12filter, shortpass—a sharp cutoff filter having a high
transmittance at wavelengths shorter than its absorption edge.
3.2.13filter, SRP—a test filter for determining SRPR.
3.2.14 limiting transmittance (absorbancejthe minimum
transmittance (maximum absorbance) of the SRP filter that is
observed in the SRPR test; the transmittance (absorbance)
indicated when the spectral curve levels off or starts to increase

2. Referenced Documents

2.1 ASTM Standards®

E 131 Terminology Relating to Molecular Spectroscopy

E 275 Practice for Describing and Measuring Performanc
of Ultraviolet, Visible, and Near Infrared Spectrophotom-
eters

3. Terminology

3.1 Definitions
3.1.1 For definitions of terms used in this test method, refer
to Terminology E 131.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 absorption edge-of a sharp cutoff filter: the wave-
:cength_mterval over which t_he transmittance changes rapldl)( decrease),
rom high to very low (that is, less than 0.01 %). .
3.2.1.1 Discussior—The bandpass transmittance filters used 3.2.15 near SR_P—_stray radiant power of \_/vavelengths
in some spectrophotometers to reduce SRP within their banéyvavenumbg(s) within several spectral bandwidths from the
pass are considered to have both a short wavelength and a IoﬁBewaI position of the spectrophotome(). )
wavelength absorption edge. The rate of change of transmit- 3-2-16 open-beam spectrumthe spectrum recorded with
tance in the absorption edge may not be as fast as for shaf] attenuating medium in the sample beam.
cutoff filters. 3.2.17 passbandg-of a monochromatqrthe band of wave-
3.2.2 blocked-beam spectruma spectrum recorded with an lengths around the spectral position of the monochromator that
opaque (that is, transmittance less than 0.001 %) object in thee preferentially transmitted; of a sharp cutoff filter: the
wavelength region of high transmittance of the filter.
3.2.18 remote SRP-stray radiant power of wavelengths
(wavenumbers) more than several spectral bandwidths from

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, orthe spectral pOSitiOh of the spectrophotomeéﬁi)r
contact ASTM Customer Service at service@astm.org.Afomual Book of ASTM

Standards/olume information, refer to the standard’s Document Summary page on 3.2.19 specified Wavelen_g_th (wavenumbethe wave-
the ASTM website. length (wavenumber) specified by the manufacturer of a
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TABLE 1 Filters for Tests for Stray Radiant Power Ratio

Cutoff Wavelength, Transmittance,® 80 % )
Wavenumber? Wavelength or Wavenumber Filter Source® Detector=
A. Sharp Cutoff Types

173.5 nm 183 nm 0.01 cm H,0F uv uv
183.5 nm 195 nm 1.00 cm H,0" uv uv

200 nm 214 nm 1.00 cm 12 g/L KCI aqueous” uv uv

223 nm 232 nm 1.00 cm 10 g/L NaBr aqueous” uv uv

259 nm 271 nm 1.00 cm 10 g/L Nal aqueous uv uv

259 nm 271 nm 1.00 cm 10 g/L Kl aqueous uv uv

325 nm 339 nm 1.00 cm acetone uv uv

385 nm 420 nm 1.00 cm 50 g/L NaNO, aqueous VIS uv

1200 cm™ 2800 cm™ 2.0-mm fused silica® (2) IR IR

800 cm™ 1760 cm™ 6 mm LiF IR IR

600 cm™ 1240 cm™ 6 mm CaF, IR IR

400 cm™ 1030 cm™ 6 mm NaF IR IR

250 cm™® 650 cm™® 6 mm NacCl IR IR

200 cm™ 420 cm™ 6 mm KBr IR IR

B. Passband Filters
Approximate Stop Band 1.00 cm 0.005 % (mass fraction) VIS VIS or NIR
600 to 660 nm methylene blue aqueous’

1.66 to 1.75 mm 5.0 cm CH,Br,’ NIR NIR

A The wavelength (or wavenumber, for infrared range) gives 10 transmittance point.

B Transmittance value not corrected for reflection loss.

€ Solution filters should be placed in sample cuvettes appropriate to the range covered. Solid filters are best-retained in metal holders.

PUnder “source” is tabulated the usual and appropriate source for each spectral range.

E Considerable flexibility in detectors selected is common.

F Apparent absorbance is strongly affected by dissolved oxygen. Bubble pure nitrogen through liquid for several minutes immediately before use. Use only recently
distilled (not demineralized) water. Alternatively, use commercially available solution-in-sealed-cuvette filters.

© Filters such as these, which absorb over a wide range in the infrared, may be warmed sufficiently by the source beam to reradiate, and so produce significant zero
shifts which vary with wavelength and with time of exposure to the beam. This effect is greatly reduced by using two filters, separated by at least 1 cm along the beam
axis. The re-radiation from the first is then mostly absorbed by the second. A slightly less effective alternative is to use a LiF disc for the first filter. If zero shift is troublesome
with the LiF filter, a CaF, disk can be used ahead of the LiF filter.

H passes blue to yellow light efficiently. The 0.005 % (mass fraction) methylene blue solution must be made up freshly from a 0.5 % (mass fraction) stock solution in
2 % (mass fraction) KH,PO,, preserved with 0.002 % (mass fraction) phenylmercuric acetate solution. User should test performance, which may vary with source of the
chemicals.

! Passes from ultraviolet to 1.5 pm radiant power efficiently, except for a narrow, intense band at 1.4 um, which is suitable for “nearby stray” evaluation in NIR grating
monochromators. Users should test performance, which may vary with source of the chemicals.

spectrophotometer (or by the spectroscopist) as that at whidength of the chosen SRP filter. Other wavelengths can be

the SRPR is stated (or measured). specified by the spectroscopist, according to the need of
3.2.20 SRP—stray radiant power. particular analyses, using sharp cutoff filters listed in Table 1 or
3.2.21 SRPR-stray radiant power ratio. sharp cutoff filters that are now available from various manu-

3.2.22 stray light—the term used in much technical and facturers and distributorsCutoff wavelengths of some solu-
manufacturer’s literature to represent either SRP or SRPR. tion filters for the ultraviolet and cutoff wavenumbers of some
solid filters for the mid-infrared are given in Table 1. Where
4. Summary of Test Method narrow blocking-band filters are used, the filters themselves
4.1 The following test procedures are written for spectro-define the specified wavelength.

phOtOmeters that _have provision for_rgcordlng (that_ is, for Note 5—In some cases, manufacturers state SRPR at a wavelength
collecting and storing) spectral data digitally. Processing mayyell removed from the cutoff wavelength of the cited SRP filter. This can
be by built-in programs or in a separate computer. Data may besult in an appreciable underestimate of the true SRPR at the specified
collected in either the transmittance or the absorbance modwaavelength. Users are cautioned to note carefully the specific information
The data sets to be collected af¢) open-beam spectrum: provided about the test used to determine the stated SRPR.

100 % transmittance or zero absorban(®) blocked-beam  4.2.2 The SRP filter materials are selected for sharp cutoff,
spectrum: 0 %T, transmittance mode only; &8) SRP filter  freedom from fluorescence, and sufficiently high absorption
spectra. Filter spectra are assumed to have been correctedtifat their transmittance in the stop band can be neglected.
the following discussion.

Note 4—For instruments that lack digital recording capability, tradi- ————————
tional methods of correcting open-beam and blocked-beam spectra must * Sources of solution filters in sealed cuvettes, interference filters, glass filters,

be applied. neutral density filters, and materials for mid-infrared filters can be found in Annual
. Buyers Guides of several scientific organizations, in advertisements in trade journals
4.2 Specified Wavelength Method that serve optical and spectroscopic disciplines, in catalogs of suppliers of optical

4.2.1 Manufacturers typically specify stray |ight, meaning and spectroscopic materials, and by searching the Internet, using concatenations of
SRPR. at one or more Wavelengths Where sharp cutoff SRﬁIected terms: filter, optical, stray light, color, absorbing, solution (or liquid)
. ’ e ’ cuvette, spectrophotometer cell, interference, cutoff, sharp cut, longpass, shortpass,
filters are used, the specn‘led Wavelengths should be near, but)%dpass, neutral density; for mid infrared materials: infrared cells, infrared

little toward the lower transmittance side, of the cutoff wave-crystals, infrared accessories, fused silica.
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Liquid (solution) filters should be visually clear and free of 5.2 This test method provides a means of determining the
bubbles; cuvette windows should be free of striae. SRP wilktray radiant power ratio of a spectrophotometer at selected
then set the limit to the minimum transmittance (maximumwavelengths in a spectral range, as determined by the SRP filter
absorbance) observed, unless an adverse signal-to-noise ratised, thereby revealing those wavelength regions where sig-
or limiting dynamic range of the spectrophotometer intervenesnificant photometric errors might occur. It does not provide a
4.2.3 Open-beam, blocked-beam (zero % transmittancejneans of calculating corrections to indicated absorbance (or
and SRP filter spectra are recorded over the nominal wavdransmittance) values. The test method must be used with care
length range of the spectrophotometer in which the specifiednd understanding, as erroneous results can occur, especially
wavelength lies, and the filter spectrum is corrected (automatiwith respect to some modern grating instruments that incorpo-
cally, in the case of some instruments). The limiting transmit—rate moderately narrow bandpass SRP-blocking filters. This
tance (absorbance), indicated by the leveling off or increastest method does not provide a basis for comparing the
(decrease) of the transmittance (absorbance) spectrum, performance of different spectrophotometers.
adjusted for the transmittance of the SRP filter in its high

. . . . Note 8—Kaye(3) discusses correction methods of measured transmit-
transmittance passband. This result is the estimated SRPR. (ynces (absorbances) that sometimes can be used if sufficient information

SRP is small enough that the limiting transmittance (absoron the properties and performance of the instrument can be acquired. See
bance) is not observed, see 4.2.4.) also A1.2.5.

Note 6—For a single monochromator instrument, inspection of the 5.3 This test method describes the performance of a spec-
spectral curve may show, by where the transmittance (absorbance) 'eVEﬂ%photometer in terms of the specific test parameters used.
off or starts to rise (fall), the wavelength limit of reliable use of the When an analytical sample is measured, absorption by the
instrument. That limit might be set by SRP or by other instrumental P h L
limitations (for example, dynamic range). samplg of radiation outside of the nominal pandpass at the

analytical wavelength can cause a photometric error, underes-

4.2.4 SRP in double monochromator instruments is t0Qimating the transmittance or overestimating the absorbance,
small for the limiting transmittance to be observed withouty correspondingly underestimating the SRPR.

using increased reference attenuation. This is accomplished bys 4 The SRPR indicated by this test method using SRP
inserting a calibrated neutral filter into the reference beam of §1ers is almost always an underestimation of the true value
double beam spectrophotometer and recording the spectrum @fae 1 3). A value cited in a manufacturer’s literature represents
the SRP filter. It might be necessary to increase slit width inpe performance of a new instrument, tested exactly in accor-
order to obtain an acceptable signal-to-noise ratio (S/N). FOr gance with the manufacturer’s specification. The implication is
single beam spectrophotometer, the spectrum of the neutrgls; the manufacturer's stated SRPR can serve as a benchmark
filter is recorded and used as a divisor of the corrected test filtggy, f,tyre performance, provided that the user performs the
spectrum (this will succeed only if the dynamic range of manyfacturer’s specified test. It is recommended that users test

instrument is adequate). new instruments promptly, thereby establishing a comparative
Note 7—Electronic scale expansion may be used, provided that thdenchmark in terms of their own testing facilities. The solution

SIN is acceptable. filter ratio method (4.3) is a convenient method for control-
4.3 Solution Filter Ratio Method charting SRPR. Mielenz, et a(4) show that its results tend to

4.3.1 This method4) uses a solution filter from Table 1, correlate _V\_/ell with those of the specified wavelength me_t_hod,
Part A, and so is intended for testing only in the ultravioletl?Ut for critical comparison with the manufacturer’s specifica-
range of a spectrophotometer. The sample beam filter is %on, the method used by the manufacturer must be used.
10-mm pathlength cuvette containing the solution, and thé€cause some instruments reduce SRP by incorporating mod-
reference beam filter is a 5-mm pathlength cuvette containin§rately narrow bandpass SRP-blocking filters that are changed
the same solution. Alternatively, the reference beam filter ca®S the wavelength range is scanned, it is possible for SRPR
be a 10-mm pathlength cuvette containing the solution dilute@€t€rminations to be highly inaccurate if the cutoff wavelength
to one-half concentration. This test can be performed with £f the SRP filter falls too close to the absorption edge of an
single beam instrument by recording the two solution filter"Strument's SRP-reducing filt¢B).
spectra sequentially and calculating their ratio. However, this .
will not provide the benefit of reducing the needed dynamicS- Apparatus and Materials
range of the instrument that is gained by the double beam 6.1 Liquid cells for the ultraviolet should have low fluoresc-

measurement. ing fused silica windows; those for the visible and near infrared
o may be of less expensive glass. Neutral filters must be
5. Significance and Use approximately constant in transmittance over the full wave-

5.1 Stray radiant power can be a significant source of errolength range of the photodetector’s sensitivity; that is, for
in spectrophotometric measurements. SRP usually increasafiraviolet and visible testing, from the shortest usable wave-
with the passage of time; therefore, testing should be peilength in the ultraviolet to the long wavelength end of the
formed periodically. Moreover, the SRPR test is an excellenvisible range. Recommended neutral (neutral density, ND)
indicator of the overall condition of a spectrophotometer. Afilters are the “metal-on-quartz” type, that is, evaporated metal
control-chart record of the results of routinely performed SRPRon fused silica substrate. Recommended optical densities are
tests can be a useful indicator of need for corrective action 0.0, 2.0, and 3.0. It should not be necessary to stack neutral
at least, of the changing reliability of critical measurements. filters to have optical densities greater than 3.0. If stacking
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must be done, separate these highly reflecting filters and tilf. Hazards

an array capable of covering ne_arly all normal ultraviolet anqnercury vapor, should be handled with proper precaution.
infrared spectral ranges. The first column shows the cutoff

wavelength (wavenumber). The test wavelength to be use8. Procedure
with any given SRP filter will depend on the design and g4 Specified Wavelength Method

performance of _t_he instrument under test, and so must be g 1 1 Record an open-beam (100 % transmittance or zero
determined empirically (Note 3). The test wavelength shall be,,4hance) and a blocked-beam (0 % transmittance spectrum
that at which the true transmittance of the SRP filter becomeg, ha transmittance mode) over the nominal wavelength range

a negligibly small fraction of the observed transmittances e spectrophotometer that includes the specified wave-
(Notes 5 and 6). The second column (Table 1) shows th?ength.

approximate 80 % transmittance wavelength or wavenumber. g*1 5 |nsert the SRP filter into the sample beam (and

S(_:anni_ng for the following procedure should always begin a[)ptionally, a blank solution in the reference b&m
this point, or at one more remote from the test spectral range. g 1 3 For a single monochromator instrument, record the

Note 9—Once the test wavelength has been established for a SRP filt&RP filter spectrum. Correct it with stored open-beam and zero
and an instrument of any given design, the test is applicable to altransmittance spectra. Inspect the spectral curve for indication
instruments of the same design. of a limiting transmittance (absorbance). If such be present,

Note 10—The true transmittance of a SRP filter can be determined by 5|culate the SRPR. Otherwise, proceed per 8.1.4.
measuring the spectrum of a dilute solution or a thin specimen of the SRP 8.1.4 For a double monochromator instrument (and a very
filter material and using Beer’s law to extrapolate the transmittance to th? o . . . .
concentration or thickness employed in the test for SRPR. ow SRP single monochromator instrument), |nsgrt into the

Note 11—For testing grating spectrophotometers that use moderateljeference beam a “neutral” beam attenuator, that is, a neutral
narrow bandpass SRP-blocking filters, use a SRP filter that cuts off sharplijiter (or a built-in optical attenuator, for example, a perforated
at a wavelength as near as possible to the edge of the bandpass of theetal screen) of which the transmittance at or near the
instrument’s SRP-blocking filter that is normally in the beam at thespecified Wa\/e|ength of the test is known. Record the spectrum
designated wavelength, if known. If necessary, consult the manufacturegs the SRP filter and correct it. If necessary to have adequate
or test in accordance with the manufacturer’s stated method. In any cas /

it is strongly recommended that the test wavelength itself be as close a% N, increase the slit width and repeat the measurement.

possible to the transmission cutoff of the SRP filter in order to minimize Nore 12—As indicated in Annex A4, the change in slit width may
absorption of SRP by the test filter. change the value of SRP.

6.2.1 SRP filters (and analytical samples) should be large 8.2 Solution Filter Ratio Method
enough to cover the entire cross-sectional area of the optical 8.2.1 Record the open-beam and blocked-beam (0 % trans-
beam with a substantial safety margin. Radiation scattered imittance) spectra per 8.1.1.
the sample compartment can sometimes bypass the SRP filterg.2.2 Select a solution from Table 1 that has a cutoff
(analytical sample), re-enter the optical beam, and reach thgavelength at or near the desired wavelength for the test.
photodetector. If the determined SRPR appears to be large 8.2.3 Insert into the sample beam of the spectrophotometer
enough to bias a measurement significantly, use an opaqee10-mm pathlength cuvette filled with the solution. Insert into
mask in the sample compartment that intercepts any bypassinge reference beam a 5-mm pathlength cuvette filled with the
radiation, to test for this source of SRP. same solution. (Alternatively, use in the reference beam a
6.2.2 If there is any possibility that fluorescence of win-10-mm pathlength cuvette filled with the solution diluted to
dows, cells, or sample solvents may be contributing to SRP i@ne-half concentration.)
the ultraviolet range, locate the SRP filter immediately follow- 8.2.4 Record the solution filter ratio spectrum and correct it.
ing the sample position in the beam, and test in the presence of 8.3 Mid-Infrared Testing
such cell or solvent. Note that fluorescence of optical elements 8.3.1 Proceed as per 8.1 for the specified wavelength
between the sample and the detector merely modifies theethod, using SRP filters from Table 1 for the mid infrared
detector sensitivity. It does not constitute an effective source ofange.
SRP, since this fluorescent emission is not differentially ab-

sorbed Orl transrplttlidl_by tPg Sat;nple. hick f b usually only required that the SRPR fall below a given value. It is then, of
. 6.23P f_ites of Alkali Halide about 6'mm thic O_r ansorp- - coyrse, not necessary to use greater reference beam attenuation beyond the
tion cell windows are commonly on hand in analytical labora-point required to demonstrate compliance.

tories or can be obtained from dispensers of infrared cells, and

the 80 % transmittance points are specified for this thicknes$. Calculation

However, other thicknesses, over a range from about 4-mm to 9.1 For the Specified Wavelength Method, calculate the

15-mm, can be substituted without invalidating the test. SRPR as the product of the limiting transmittance at the desired
6.2.4 Fused Silica in the form of cell windows, is com- wavelength times the transmittance of the reference beam

monly available and is useful over a range of thickness of

1-mm to 6-mm. Crystal quartz should not be used because of

its birefringence, which may cause apparent cyclical transmit- ° A paired set of sealed cuvettes, viz., Kl solution per Table 1 as the SRP filter,

tance variations with wavelength. and a water blank for the reference beam, is available commercially.

Note 13—To qualify the instrument for a particular application, it is
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attenuation, divided by the transmittance of the SRP filter in it{absorbance) of reference beam attenuation, the observed
high transmittance wavelength band (about 0.90, resultingimiting transmittance (absorbance), the wavelength at which
from surface reflection losses). Calculate SRPR with theéhe SRPR was determined, and the value of the SRPR obtained.
observed limiting transmittance (absorbance), the transmit- . ,

tance (absorbance) of the reference beam attenuation, tfd- Precision and Bias

transmittance (absorbance) of the SRP filter’s high transmit- 11.1 High accuracy is not always required for SRPR deter-
tance band, and incorporate the corrections with the open beaminations, and no estimate of the precision that is achieved in

and blocked beam spectra (Eq 1 and 2). using this test method ordinarily is needed or useful. However,
- _ _ _ where regulatory or Quality Assurance requirements demand

SRPR [(TL Tee) (Tra Trigh) 1/ [Toe = Teel @ the formgl esta)tl)lishment zf an Uncertair?ty Budget for the
SRPR= Antilogo[(=)(AL + Ara ~ Apign ~ Ace)] (2) procedure, the spectroscopist must determine precision by the

where: usual method of multiple replications of the SRPR measure-
T (A) = observed limiting transmittance (absor- ments, considering all of the relevant operational variables.
bance), These variables may include temperature, filter rotation, etc.

Tra (Arp) = transmittance (absorbance) of the refer- Although bias can be appreciable, figures on it can’t be given,
ence beam attenuation, as bias will vary greatly with such things as the design of the

Thigh (Anign) = transmittance (absorbance) of the SRP instrument, the wavelengths chosen for testing, the materials

filter in its high transmittance band. (If a available for use in performing the test, and the care expended
blank solution is used in the reference in performing the test. These problems are treated at various

beam, seflyigh = 1; Ayigh = 0), places in the text and in the referenc@s3). Where high
Tos (Ace) = open-beam transmittance (absorbance),accuracy is mandated, only a research grade double monochro-
and mator instrument should be relied upon. A control-chart record
Tog (Asp) = blocked-beam transmittance (absor- showing the initial comparison with the manufacturer’s speci-
bance). fication and the results of periodic re-testing should be of great
9.2 For the Solution Filter Ratio Method: value toward minimizing the uncertainty of bias.
SRPR= 0.25T [(T. ~ Teg) / (Tog ~ Tea))* (3 12, Illustrative Examples
SRPR= 0.25T; Antilogys [~ 2 (A — Agg)] 4 12.1 Fig. 1 shows transmittance spectra recorded for the
where: Specified Wavelength Method and for the Solution Filter Ratio

T, = observed minimum transmittance, amj is the Method. The SRP filter is KCI in aqueous solution (see Table
- observed maximum absorbance a,nd 1). The spectrophotometer used is a Perkin-Elmer Lambda 900,
T, = net transmittance through the cuvette interfaces (twowhich automatically calculates and displays spectra corrected
silica-air, and two silica-solution). for open-beam and blocked-beam offsets. It also adjusts

9.2.1 Eq 3 an’d 4 differ from their prototypes(4) because automatically for the transmittance of the SRP filter in its high
(a) account is not taken there of possible needTigs andTgg transmittance band (Specified Wavelength Method). This spec-
corrections, andb) it is assumed that the transmittance of thetrophotometer has a built-in optical attenuator for the reference

solution filter in the reference beam is exactly equal to the?®@m- A displayed transmittance spectrum has the reference

square root of the that of the solution filter in the sample beamP&2M attenuation automatically incorporated into the indicated
ransmittance values. Because the spectra shown in Fig. 1 are

This is the case for the transmittances of the solutions _
themselves, but account must also be taken of the fact thdlly corrected:

there are reflectance losses at each of the four interfaces of the Specified Wavelength Method: (5)
two cell windows, as is done in Eq 3 and 4. SRPR= 1.0 10~° = 1.0 X 10-° at 200.0 nm

9.2.2 Suitable values foF,? are 0.83 (200 nm - 250 nm), - ) L
0.84 (250 - 300 nm), 0.85 (300 nm - 350 nm), and 0.8 ( Solution Filter Ratio Method: ©)
350 nm). SRPR= 0.25X 0.83(2.3% 10 %? = 1.1 10 ® at 201.8 nm

10. Report 13. Keywords

10.1 Report the identification of the spectrophotometer, the 13.1 molecular spectroscopy; spectrophotometry; stray
date of the SRPR test, the SRPR test used, the SRP filter usdigiht; stray radiant power; SRP; stray radiant power ratio;
the reference beam attenuator(s) used and the net transmittar8ePR
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FIG. 1 SRPR Test by the Specified Wavelength Method and by the Solution Filter Ratio Method, Using a Solution of KCI
with a Spectrophotometer with Grating Double Monochromator (Perkin-Elmer 900)

ANNEXES
(Mandatory Information)

Al. GENERAL CONCEPTS

Al.1 Stray radiant power ratio in a spectrophotometer isat other wavelengths. Such absorbers do not exist. One takes
difficult both to define and to measure. It is often defined as the@dvantage of absorption edges such as those seen with alkali
proportion of transmitted radiant power of wavelengths outsidénalide crystals, certain liquids, and sharp cutoff glass filters,
the nominal passband of the monochromator to the total poweand supplements these by finding a variety of substances
transmitted. However, since only signal-producing radianthaving narrow, intense absorption bands. There are spectral
power is significant, it is obvious that the relevant measure isegions for which no fully satisfactory filter material has been
the integral of the product of power and detector sensitivityproposed.
over all wavelengths except the passband, divided by the

corresponding total. In practice it is impossible to make the test A1.2_.1 The tests herein are of I|m!ted scope bec"’.‘us‘? sharp
conform exactly to this definition, so a more empirical defini—C_Ut_Off filters transparent for the ultraviolet but absqrblng in the
tion, based upon an accepted test procedure, such as th §|ble,. or transparent in t_he lower frequency mfrared_ but
described herein. must be used. absorbing higher frequencies, are not in general available.
' Fortunately, the available filters, from which a recommended
Al.2 For absorption spectrophotometers, the definition anget was selected, usually suffice to disclose significant SRP of
measurement problems are dificult. SRP is not uniquely aemote wavelengths. This is because SRP caused by gross
function of the monochromator itself, but varies with the scattering arises principally from spectral regions where detec-
spectral distribution of the source and of the detector sensitivtor sensitivity and source intensity are high, and such sharp
ity, and with other factors discussed below. Also, suitable testutoff filters transmit efficiently these regions. If, however,
materials are scarce. The ideal filter for measuring SRP woulthere is any reason to suspect the presence of SRP of
have intense absorption over a spectral region of adjustableavelengths within the stop band of the filter, for example
nominal wavelength and bandwidth, and negligible absorptionvhen a grating is used in second order in the higher frequency
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infrared and the stray might be of first order frequency, or iflengths different from those of the spectral band passed by the
Beer’s law departures are observed when preparing calibratiomonochromator, as indicated by the test.

curves(5), the following supplemental test should be used:  A1.2.4 SRP, if present in significant amounts, is dangerous

Al2.11 thain a fiIt_er that transmits efficiently all wave- pecause it is often unsuspected. With the passage of time,
lengths within the desired monochromator pass band, byhcreasing SRP frequently accompanies gradual deterioration
rejects the frequencies outside this band that might be causing ihe optics in a spectrophotometer. Thorough testing annually

trouble. Interference filters having suitable characteristics arg; recommended. with more frequent testing for certain critical
commercially available for the infrared, visible, and neara(?plications. ’

ultraviolet ranges. Measure the absorbance of samples with an A1.2.5 It is not the intention of this test method to provide

without the filter, setting the zero absorbance level also wit . : .
and without the filter, respectively. Appreciable differences of or calculating corrections to indicated absorbance values, and
' do so using results obtained from this test method is

measured absorbance, especially at high sample absorbanE%

indicate trouble from SRP. Samples should then be measuréﬁad\’isable‘ Having avalue of SRPR is insufficient: in order fo
with the narrow band filter in the beam, or filters effective for calculate a correction for the absorbance error caused by SRP,
rejecting the SRP can be employed (see AL.2.7). This test Qne must know the spectral distribution of SRP, the absorption
recommended only as a supplement because of high cost fgPeCtrum of the sample, and the spectral response of the
the array of test filters if it is to be applied for general detector. Without such full knowledge, even the sign of the

instrument evaluation, as well as the large amount of testingrror is not known. If, for instance, a sample absorbs more
time required. It is nevertheless strongly recommended fok€SS) strongly at wavelengths where SRP is large, than it does
critical applications. at the measurement wavelength band, the effect of SRP is to

increase (decrease) the indicated absorbance value.

Note Al.1—Selected pairings of sharp cutoff shortpass and longpass . . . . .
filters can be combined to make narrow transmission band filters at visible Al1.2.6 For situations in which the sample does not absorb in

and near infrared wavelengths. Sets of such filters are commerciallf€ SPectral region over which the SRP is distributed, SléMin_ _
available. shows a plot of absorbance error versus absorbance. While it

A1.2.2 Depending on the particular measurement to whichl'ay Seem too obvious to mention, it must be realized that the
the instrument is to be applied, one may be concerned onl lative error in absorbance is in this case larger than the SRPR.
with SRP of relatively remote wavelengths, or may find>mall relative errors in absorbancé)(are given by the
so-called “nearby scattering” (sometimes defined as radiarP!lowing equation:
power outside the pass band but within several bandwidths of AAIA = [-0.43410Ys)/A ... (AL.1)

the nominal wavelength), of significance. For example, mea- . . L .
gth) g P eWheres is the fraction of SRP to power within the nominal

surements of aromatic compounds in the gas phase may impos
P gasp y mp ass band (i.e. the SRPR). For example, if the fraction of SRP

very strict requirements on scattering of wavelengths adjacer
to those absorbe@B). A monochromator entirely suited for 1S 0.001 for a measurement made at an absorbance of 1.5, the

liquid-phase measurements on the same compounds might gi\r/%latlve_error in absorbance is - 0.00_91, or about nine times the
highly erratic and inaccurate measurements in the gas phaBEoportion of stray to monochromatic radiant power.
application. Al1.2.7 Optical filters can be used to reduce SRP. Most
Al1.2.3 Because of these considerations, it is not practical tohodern spectrophotometers incorporate “blocking filters” for
specify SRP in an absorption spectrophotometer in absolutidis purpose, and make filter changes automatically at appro-
terms. Nevertheless, test procedures have been developed thaate wavelengths. Some instruments have filters built-in, but
give definite values: ones that are valid for certifying therequire the operator to make filter changes manually. If desired,
suitability of a particular monochromator or spectrophotometethe spectroscopist can provide an appropriate SRP-blocking
for most of the important applications. SRPR is then defined aflter. For example, a Schott Glass Type UG-5, 3.0-mm thick
the fraction of the total power that is contributed by wave-polished filter is useful for work between 260 and 380 nm.

A2. TEST MATERIALS

A2.1 Sharp cutoff filters are the most generally availableinstruments that incorporate SRP-blocking filters.
for SRPR evalgat|on'. AS indicated in AL.2.1, SRP caysed by A2.2 Glass filters for ultraviolet use can be valuable
random scattering within the monochromator is principally of

. 'because of their convenience, but they must be used with

longer wavelengths when instruments are used in the UItraV'Qc'aution, because most glasses exhibit significant fluorescence

let, and of shorter wavelengths when instruments are used | ; ; i :
P . ; ; . Photodetectors used in the ultraviolet and visible regions
the infrared. Fortunately, sharp cutoff filters having high ()7) 9

t L ficiencies in th lenath rea; inciall are generally more sensitive to the fluorescent wavelengths
ransmission €fiiciencies in the wavelengtn regions prinCipaliyn o the short ultraviolet wavelengths that excite fluores-
responsible for SRP, are available in both instances.

cence efficiently. If the apparent SRPR is found to be increased
Note A2.1—This section (A2.1) is not applicable to filter-grating by locating the filter close to the photodetector, or is decreased
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by preceding the glass filter with a solution filter of slightly filters (10), and thin film interference filterl1).
shorter wavelength cutoff, glass fluorescence may be limiting
the SRPR readings. For less exacting applications, and for testsA2.5 In certain cases, narrow blocking-band absorbers have
on single monochromators, glass filters are very useful angroved useful for evaluating scattering of both nearby and
convenient. Since different batches of glass may exhibitemote wavelengths. Examples are the most intense bands in
different degrees of fluorescence, glass filters should be testede benzene vapor spectrum near 260 nm, hot mercury vapor at
individually. Moderately sharp cutoff, and a moderately narrow254 nm(6), and polystyrene films at 13.3 and 14.4 mm. Other
bandpass, glass filters are useful for SRP-reduction in theubstances found useful are 1-cm pathlength of 0.005 % (mass
region from 700 to 1000 nm. fraction) aqueous solution of methylene blue, near 650 nm, and
A2.3 Sharp cutoff solution filters have been investigated b)ﬁ—cm pathlength of methylene bromide liquid at_ 1.43 mm. O.f
several workerg2,8). course, the bands used must be well reso!vgd in prder to give
reproducible results. Because of large variations in resolution
A2.4 Filters for reducing mid infrared SRP have beenbetween commercial instrument models, no general methods
mainly of two types: scatter filter8,9), including grating based on such bands can be recommended.

A3. STRAY RADIANT POWER AS AFFECTED BY OPTICAL SYSTEM DESIGN

A3.1 No part of the optical system of a spectrophotometeis ignored, it can easily turn out that it produces significant SRP
is completely free of influence on SRP. For example, masks oonly over a narrow spectral region, so that a monochromator
the source side of the monochromator will reduce SRP ithat gives excellent tests for SRPR over much of its working
located optically conjugate to the aperture stop of the monoregion, and possibly in all regions where such tests are easily
chromator and made slightly smaller than the aperture stomade, may be seriously deficient over some particular narrow
image traced by reversed rays. In this way, illumination of thespectral range.
mask that defines the aperture stop inside the monochromator
is limited so that diffraction or scattering from mask edges and A3.4 An advantage of the Czerny-Turner or Wadsworth-
mask surface imperfections is lessened. Similarly, in the beartyPe monochromators over the Littrow monochromator is that
between the monochromator and the detector, a mask conj@nly a part of the dispersed radiant power falls on the exit
gate with the monochromator aperture stop (|f such a positioﬁO”imator. The flux density on this mirror is therefore less than
exists) will trap radiant power that may be scattered within theone half that of the Littrow arrangement, and its scattering
monochromator and that passes through the exit slit from somgperfections produce a correspondingly reduced amount of
region other than the area of the aperture stop whence tHeouble.

monochromatic radiant power is intentionally passed to the ) ) _
external optics. A3.5 Grating monochromators in general transmit effi-

ciently other orders than the intended order. This source of SRP
A3.2 Within the monochromator itself, a critical consider- is troublesome in the infrared, since it leads to relatively
ation is the freedom from scattering imperfections of theefficient transmission of a number of wavelengths at which
optical elements, and the surface perfection of mirrors, lensesisual sources emit strongly and detectors are sengitRe It
and dispersing elements. Even with the best techniques fas especially troublesome when the grating is operated near the
polishing optical surfaces, departures from perfect smoothnegsaze angle, where quite narrow, easily overlooked bands of
occur (12), and in prism monochromators are principally SRP may arise.
responsible for the small-angle deviations of the emergent
beams which are responsible for “nearby scattering,” or tailing A3.6 The interference filters that are commonly used for
off of the slit function of the monochromator. SRP reduction in infrared grating monochromators may have
“spike” leaks, which can cause very serious narrow band SRP
A3.3 Even if the first optical elements within the mono- problems. Higher orders of SRP can also be efficiently trans-
chromator and the entering aperture stop are not overfilled, thgitted by an “order sorting” prism monochromator in tandem
process of dispersion causes rays to be deviated in such a w@jth the grating monochromator if the prism monochromator is

as to illuminate much of the interior of the monochromatoroperated under such low resolution conditions that more than
with energetic radiation. In a monochromator in which theone order falls within its spectral pass band.

off-axis angle of a collimator is too small, radiant power can be

returned from the collimator to the dispersing element and after A3.7 Another often-overlooked source of SRP in a spec-

again being dispersed can fall by specular paths directly on thigophotometer is fluorescence from the absorption cell or

exit slit. This is often called “double dispersion” or “secondary sample itself. It is entirely possible to set up conditions under

dispersion”. The best remedy is to increase the off-axis angle affhich a solution can show apparent negative absorption
the collimator, if the resulting aberrations can be tolerated. lbecause of the higher sensitivity of the detector for the

not, such specular ray paths may be interrupted by judiciouslfluorescence radiant power generated on absorption of the
masking off a part of the aperture stop, often without excessiveltraviolet energy, than for the monochromatic radiant power

loss of monochromator transmission efficiency. If this problemitself. Glass or solution sharp cutoff filters provide a quick test
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for such difficulties when located alternately first ahead of thewalls or otherwise to the detector. A check for the error caused
sample, then following it in the optical train. Also, as noted for by diffraction can be made with India ink or a similar “total
glass filters themselves, a shift of apparent sample transmigbsorber” in the cell.

tance with a change of its proximity to the photodetector

strongly suggests significant fluorescence, although it can also A3.9 Similarly, a leak past the shutter used for determining

be caused by scattering, beam deflection, or pathlength chandgestrument zero, or a leak admitting room light, can give
erroneous results.
A3.8 Another source of SRP may be lack of masking in the

sample compartment to confine the beam within the sample A3.10 Electrical pickup can cause reading errors very
cuvette. Even if the beam falls well inside the cell windowssimilar to those due to SRP. A check can be made by turning off
when examined by the rules of geometrical optics, diffractionthe slit and source and looking for drifts of the photometric
at narrow slit widths, or sample turbidity, can cause it to spreadcale reading in a recording spectrophotometer, or following
so that appreciable radiation is transmitted through the celprocedures given by the manufacturer.

A4. VARIATION WITH SLIT WIDTH AND HEIGHT

A4.1 If the assumption is made that the scattering procesgarameters. The ratio of SRP at remote wavelengths to mono-
follows the Lambert distribution law, it is possible to state achromatic radiant power at the nominal wavelength is propor-
simple theory for the ideal monochromator which allowstional to slit width and height.
prediction of the way in which SRPR varies with monochro- A4.1.3 Double Monochromator with  Continuum
mator slit width and slit height, and which is at least approxi-Source—In the first monochromator section, as indicated in
mately followed in practice. Several cases occur: A4.1.1, the proportion of radiant power of the nominal wave-

A4.1.1 Single Monochromator with “White” Continuum length is independent of the slit width and varies with the first
Source—The SRPR does not vary with slit width (when the power of slit height. (It is assumed that all slits, including the
entrance and exit slits are opened and closed simultaneouslyfptermediate slit, are varied in width by the slit control.) The
The radiant power within the pass band is proportional to thé&cattered radiation from the first monochromator that is trans-
square of the slit width because it is linearly proportional to themitted into the second monochromator is re-scattered by its
width of the entrance slit, which admits radiation to theoptical surfaces. The amount emerging varies with the solid
monochromator, and also to the spectral bandwidth, which alsangle subtended by the exit slit as viewed from the scattering
is proportional to the slit width. The SRP too is proportional tosurface. Hence, it is proportional to both width and height of
the square of the slit width, because it is linearly proportionathe exit slit. Thus, the fraction of stray-to-monochromatic
to the width of the entrance slit, which controls aperturepower is very much reduced by the second monochromator,
illumination, and also to the width of the exit slit, which affects and it varies with the slit width and with the square of the slit
the solid angle for the transmission of scattered radiation. height. The sensitivity to slit height makes clear the utility of a

A4.1.1.1 Transmission of monochromatic radiant powerslit-height control.
varies only linearly with slit height, because slit height has A4.1.4 Double Monochromator with Line SoureeThe
negligible effect on bandwidth, whereas SRP varies with thesame argument as for the double monochromator with con-
square of the slit height, just as with slit width. The SRPRtinuum source applies, except that the monochromatic power
therefore increases linearly with slit height. (Actually, experi-varies only with entrance slit height and width. Therefore, the
ments to confirm this relationship show that, with gratings, theratio of stray-to-monochromatic radiant power varies with the
scattering is predominantly in the direction perpendicular to thesquare of both the slit width and the slit height.
grating rulings, and the proportion of scattering varies as a
fractional power of the slit height.) A4.2 Because of these relationships, it is important that

A4.1.2 Single Monochromator with Pure Narrow Line tests for SRPR be made in most cases at slit widths and heights
Source—lIdeally, all of the radiant power in a monochromatic representative of those actually used in the application of the
line that is admitted by the entrance slit is transmitted by thenstrument. Unfortunately, many published results on SRPR
exit slit when the monochromator is set at the wavelength omeasurements are made with non-typically narrow slits or with
the line; thus the monochromatic radiant power is proportionashortened slits, or both. It is often easy to arrange test
to the entrance slit width and height. When the monochromatoconditions that give SRPR values substantially different from
is displaced from the nominal wavelength, the intensity of thehose that would be found under conditions appropriate to
scattered radiant power is varied by both entrance and exit slapplications. Hence, a SRPR given without specifying test
width and height, and thus is proportional to the square of thesprocedure is essentially meaningless.
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