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Standard Test Method for
Estimating Stray Radiant Power Ratio of
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.
€' Note—Section 9 was added editorially in November 1995.
1. Scope 1.3 The proportion of SRP (that is, SRPR) encountered with

1.1 This test method affords an estimate of the relativeé® Well-designed monochromator, used in a favorable spectral
radiant power (that is, the Stray Radiant Power Ratio (SRPR)EgION, is a small fraction of 1 %. With a double monochro-
at wavelengths remote from those of the nominal pass ban@ator it may easily be less than 1 ppm even with a broad-band
transmitted through the monochromator of an absorptioffontinuum source. Under these conditions, it may be difficult to
spectrophotometer. Test-filter materials are described that diglo more than determine that it falls below a certain level.
criminate between the desired wavelengths and those whichctual measurement often requires special techniques and
contribute most to SRP for conventional commercial spectrolNStrument operating conditions that are not typical of those
photometers used in the ultraviolet, the visible, the neaPccurring during use. When absorption measurements with
infrared, and the alkali halide infrared ranges. These procekOntinuum sources are being made, it is frequently true that,
dures apply to instruments of conventional design, with usua®Wing to the effect of slit width on SRP in a double mono-
sources, detectors, and optical designs. The vacuum ultravioléfiromator, these test procedures tend to give “conservative”

discussed herein. used to admit enough energy to the monochromator to permit

evaluation of the SRP, the stray proportion indicated is greater
Note 1—An equivalent test methad,2) for use in the ultraviolet that than would normally be encountered in use.
is easier and faster to perform might be preferred, especially when 1.4 The principal reason for a test procedure that is not

frequent testing is indicated. . S
Note 2—Recent researct8) has shown that particular care must be exactly representative of normal operation is that the effects of

exercised in testing grating spectrophotometers that use moderatefRP are “magnified” in sample measurements at high absor-
narrow bandpass blocking filters. See 4.2. bance. It is usually necessary to increase sensitivity in some
1.2 These procedures are neither all-inclusive nor infalWay during the test in order to evaluate the SRP adequately.
lible.3 Because of the nature of readily available filter materi-1hiS iS usually accomplished by increasing slit width and so
als, with a few exceptions the procedures are insensitive tgPt@ining sufficient energy to allow meaningful measurement
SRP of shorter wavelengths in the ultraviolet or visible, or of0 the SRP after the monochromatic energy has been removed
lower frequencies in the infrared, and they are not necessarilyy the SRP (test) filter. A further reason for increasing energy
valid for “spike” SRP nor for “nearby SRP.” (See Annexes for r sensitivity can be that many instruments have only absor-

general discussion and definitions of these terms.) HoweveP@nce scales, which obviously do not exten((j) to zero transmit-
they are adequate in most cases and for typical applicationic€- Even a SRP proportion as large as 1 % may fall outside

They do cover instruments using prisms or gratings, in eithef"€ measurement range. _
single or double monochromators. 1.5 Many instruments that use optical attenuators to balance

sample absorption make relatively inaccurate measurements
below 10 % transmittance, because of poor attenuator linearity.
All instruments should be carefully and frequently checked if
:ﬁg %{;Z‘fg pgpf;fn'fstcrfp;'rem responsibility of Subcommittee E13.01 on Ultraviolete ; o) shift due to electrical pickup or other causes. For these
Current edition approved March 30, 1984. Published May 1984. Originally reéasons, the test procedure specifies that the measurements be
published as E 387 — 69 T. Last previous edition E 387 — 72(1977). made within 100 % and 10 % on the scale. Obviously this is

2 The boldface numbers in parentheses refer to the list of references at the end ﬁfot required if reliable photometric Iinearity and zero checks
this method. o L .
3 Currently in preparation by E13.01 are test methods that reduce the potential fdtF€ made under the conditions prevailing during the test, and

error that occurs when the test-filter absorbs an appreciable portion of the SRP. use of the 10 and 1 % range may give lower and more

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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accurately representative SRP values. In marginal cases thislue of slit width should be used at the last step of the
more elaborate test procedure, incorporating accepted ASTeference beam attenuator, as this corresponds most nearly with
tests for photometric linearity, may be justified. the normal operating conditions of the spectrophotometer.

1.6 High accuracy in SRP measurement is not required. A 2.7 Some instruments scan automatically only in one direc-
measurement reliable within 10 or 20 % is always sufficienttion, which may not be the one specified in the test procedure.
but often many readings must be cascaded to obtain the finManual control or scanning by hand may be necessary.
result, so that painstaking measurements are desirable. Particularly note any precautionsalled for by the manufac-

1.7 This standard does not purport to address the safetyurer’'s instructions in this case. If, for mechanical reasons,
problems associated with its use. It is the responsibility of thenanual scanning is not feasible, the test procedure can be
user of this standard to establish appropriate safety and healtheversed, after making the checks of 100 % line and zero, by
practices and determine the applicability of regulatory limita- going to the desired wavelength within the filter stop band,
tions prior to use. inserting neutral attenuators in the reference beam until the pen
lies between 10 and 100 % transmittance (preferably near
2. Summary of Test Method 10 %, widening the slits while doing so to restore normal pen

2.1 The following test procedure is written for response, scanning in reverse until 100 % transmittance is
transmittance-recording double-beam instruments. Modificareached, and removing the reference beam attenuators one at a
tion for absorbance recording will be obvious. It is readily time while measuring their attenuation, until all are out and a
adapted for point-by-point operation by measuring at enouglegion where the filter is transparent is reached.
points to allow reasonably accurate interpolation between the 2.7.1 The only difficulty with this procedure lies in finding
points so as to provide essentially continuous information ovethe narrower slit width that will give normal pen response after
the wavelength region covered, or by direct measurement at theach reference beam attenuator is removed, and finding the
desired specific wavelength. transmittance change at that slit width. Several trials may be

2.2 After establishing that the instrument is adequately fregequired.
of zero transmittance error, and measuring the baseline 2.7.2 When done carefully, this procedure gives the same
(100 %) over the appropriate spectral range, insert a filter intgesult as the normal one, and in fact affords a way of checking
the sample beam and record its transmittance curve, starting the standard test results whenever both scan directions are
a region where it is nearly transparent and scanning slowlypermitted.
toward increasing absorption. The filter materials are selected
for sharp cutoff, freedom from fluorescence, and sufficiently3- Significance and Use
high absorption that their transmittance in the stop band can be 3.1 Stray radiant power can be a significant source of error
neglected. They should be visually clear and free of bubbleg spectrophotometric measurements, and the danger that such
and striae. SRP will then set the limit to the minimum error exists is enhanced because its presence is often unsus-
transmittance observed, unless an adverse signal-to-noise ratpected. SRP usually increases with the passage of time;
a scale limitation of the photometer, or a false electrical zerdherefore testing should be performed periodically. This test
intervenes. method provides a means of determining the stray radiant

2.3 These limitations may usually be overcome by increaspower ratio of a spectrophotometer, and so revealing those
ing the slit width to admit more incident radiant power on thewavelength regions where significant photometric errors might
filter. In a double-beam instrument, this may be accomplishedccur. It does not provide a means of calculating corrections to
by attenuating the reference beam with a screen, mask, indicated absorbance (or transmittance) values. The test
neutral filter. The following procedure assumes the use ofmethod must be used with care and understanding, as errone-
etched screens, and measures their transmittance by their effeeis results can occur, especially with respect to some modern
on the instrument reading. grating instruments that incorporate blocking filters.

2.4 The apparent transmittance of the filter is sensitive to .
spectral bandwidth. Since bandwidth increases with slit width%- APparatus and Material
it is necessary that the transmittance of the screen be measuredt.1 Screen$ of Etched Nickel useful for reference beam
at a fixed slit width each time. The slits may then be allowedattenuators are listed in Table 1 and footnote 4. They may also
to open for the following steps of the test. The effect of such
Changes II”.I Sl.lt W_I(.jth on the apparent transmittance of the filter 4 Available in sheet form from Perforated Products, Inc., 68 Harvard St.,
becomes mS'gmﬂcant at the end of the test when the SRE’rookline, Mass. 02146. Also as cut disks in holders from Varian Instrument Service
becomes the dominant source of signal. Center, 670 East Arques Ave., Sunnyvale, CA 94086. These holders fit the Cary

25 The Scanning is continued, and the reference beam ppectrophotometer cell blocks for cylindrical cells. They.do not fit holder.’c, for
attenuated further in as many steps as required, until the steegfifianoer flﬁlsarl; © holders are aiso useful for glass filters for Bouguer's aw
falling transmittance curve levels off.becausg of SRP. The o een and Holder Approximate dentification Nominal
product of all the reference attenuation fractions times the  part Number Mesh Number Absorbance
value of the transmittance reading at the plateau, corrected by

. . . . 1404111 30 25K 0.5

the baseline value and the filter reflection loss, is taken as the  [,0,77> 60 3R 11
SRPR. 1404113 120 40T 15
2.6 The SRPR can in some cases increase with increasing 1404114 270 S0 w 2.0

slit width (see Annex A4). Therefore, the smallest practicable
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TABLE 1 Perforated Screens exact transmittance varies with location in the beam, hence
dentification Number? Nominal Nominal they should be mounted so they can be positioned reproduc-
Transmittance Absorbance ibly, and mechanical stability of all parts of the spectrometer
20G 0.50 0.30 should be established. The transmittance of two or more
o o 0% screens used in cascade or tandem is rarely equal to the product
10N 0.20 0.70 of their separate transmittances, and may be quite sensitive to
122 P 0.14 0.84 lateral displacements with respect to each other, due to the
10S 0.07 1.20 LA
30T 0.03 1.50 morire eﬁECt'_ . . i
20W 0.01 2.00 4.2 Test Filter Materials shown in Table 2, provide an array
A The identification number is that of Perforated Products, Inc., 68 Harvard St., Capable of covering nea.rly all normal ultraviolet and mfrgred
Brookline, Mass. 02146. Screens from this manufacturer are the only ones so far SpeCtraI ranges. The first column shows the approximate
tested in committee work. Screens may be available from other manufacturers. spectral range over which remote SRPR determinations can be

made. The test wavelength to be used with any given test filter
be convenient for “quick check” transmittance “standards.”will depend on the design and performance of the instrument
The screens should be placed as far as possible from eacinder test, and so must be determined empirically (Note 3).
other, and preferably at a point along the beam where it is aShe test wavelength shall be that at which the true transmit-
wide as possible. Usually a 1-cm spacing between screeriance of the test filter becomes a negligibly small fraction of the
suffices to allow acceptable reproducibility of results. Theirobserved transmittance (Note 4 and Note 5). The second

TABLE 2 Filters for Tests for Stray Radiant Power Ratio

Transmittance,® 80 % Wavelength or

A 7 C D E
Spectral Range Wavenumber Filter Source Detector
A. Sharp Cutoff Types
165 to 173.5 nm 183 nm 0.01 cm H,0" uv uv
170 to 183.5 nm 195 nm 1.00 cm H,0" uv uv
175 to 200 nm 214 nm 1.00 cm 12 g/L KCI agqueous” uv uv
195 to 223 nm 232 nm 100 cm 10 g/L NaBr aqueous” uv uv
210 to 259 nm 271 nm 1.00 cm 10 g/L Nal aqueous uv uv
250 to 320 nm 339 nm 1.00 cm acetone uv uv
300 to 385 nm 420 nm 1.00 cm 50 g/L NaNO, aqueous VIS uv
2050 to 1200 cm™ 2800 cm™ 2.0-mm fused silica® (2) IR IR
1140 to 800 cm™ 1760 cm™ 6 mm LiF IR IR
760 to 600 cm™* 1240 cm™ 6 mm CaF, IR IR
630 to 400 cm™ 1030 cm™ 6 mm NaF IR IR
410 to 250 cm™ 650 cm™t 6 mm NacCl IR IR
240 to 200 cm™ 420 cm™ 6 mm KBr IR IR
B. Pass-Band Filters
600 to 660 nm 1.00 cm 0.005 % methylene blue VIS VIS or NIR
aqueous’
1.66 to 1.75 pm 5.0 cm CH,Br,/ NIR NIR

A The shorter wavelength (or lower wavenumber) limits given are nominal. The selection of a test filter should be made in accordance with 4.2. Longer wavelength (or
higher 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:

UV—Source is either a deuterium or hydrogen discharge lamp or a xenon short arc.

VIS—Source is a tungsten filament lamp at 2850 to 3300 K. If a xenon arc is substituted, precautions to avoid UV stray should be taken, such as interposition of a Corning
No. 7380 or No. 3391 filter, for both test and use of the instrument at wavelengths longer than 410 nm.

NIR—Source is a tungsten filament lamp at 2500 to 3200 K.

IR—Source is a Nernst glower at 1500 to 1800 K, or Globar, or coated Nichrome ribbon, at 1300 to 1500 K. Because the proportion of SRP varies with source
temperature, the source current should be set to the value used for analysis.

E Considerable flexibility in detectors selected is common. The following lists only some of those most frequently employed:

UV—Photomultiplier or diode phototubes with S-5, S-19, or similar spectral response function, such as types 1P28, 7200, or R-106.

VIS—UV types, plus photomultiplier or diode phototubes with S-4, S-5, or S-19 response; extended red threshold types such as 7265 (S-20), or R-136. Photoconductor
(PbS) detectors.

NIR—Phototubes with S-1 response to 1.2 um, photoconductor (PbS, PbSe or PbTe) detectors.

IR—Thermocouples, bolometers, Golay detectors.

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.

© 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 reradiation 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 % methylene blue solution must be made up freshly from a 0.5 % stock solution in 2 % KH,PO,, preserved with 1
part of phenylmercuric acetate (Eastman No. P4267 in 50,000 parts of solution.

! Distillation Products Industries, Eastman Organic Chemicals, No. 1903. Passes from ultraviolet to 1.5 um radiant power efficiently, except for a narrow, intense band
at 1.4 pm, which is suitable for “nearby stray” evaluation in NIR grating monochromators.
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column (Table 2) shows the approximate 80 % transmittance 5.2.1 In some infrared instruments the radiant power from a
wavelength orwavenumber. Scanning for the following proce+otating beam modulator can be compensated by an adjustable
dure should always begin at this point, or at one more remotelectrical signal. The amount of compensation required varies
from the test spectral range. with wavelength and slit width. Make frequent zero checks
Note 3—Once the test wavelength has been established for a test filtedrurlng the SRP teStS'.It is desirable tq interpose the qpa_que
and an instrument of any given design, the test is applicable to aliShUtter ah.ead Pf the filter, and only briefly, so that rad'at'_on
instruments of the same design. from the filter is self-compensated. A shutter made of thick
Note 4—The true transmittance of a test filter can be determined byinsulating board, such as Celot®xyr several thicknesses of
measuring the spectrum of a dilute solution or a thin specimen of the testardboard separated by air spaces, is recommended, preferably

filter material and using Beer’s law to extrapolate the transmittance to th¢rought to instrument temperature by being stored in the
concentration or thickness employed in the test for SRPR. sample compartment

Note 5—For testing grating spectrophotometers that use moderately o I .
narrow bandpass blocking filters, use a test filter that cuts off sharply at 5.3 Record a 100 % line over the desired wavelength range

wavelength as near as possible to the edge of the passband of the bIocki?Qf a single filter. If the slit system is controlled by a servo
filter that is normally in the beam at the designated test wavelength. Thystem to maintain a constant reference signal, leave this
test wavelength itself should be as close as possible to the transmissi@ontrol on; otherwise put the slits under manual control or
cutoff of the test filter to minimize absorption of SRP by the test filter. |eave off (immobile). In the latter cases, check pen response

4.2.1 Filter diameters are not specified. They should be largequently during the scan, and change the slit width if and
enough to cover the entire beam with substantial safety margitvhen pen response becomes either sluggish or markedly
Because of the danger that radiant energy outside the nomingnderdamped. Check by quickly inserting and removing an
beam may bypass the filter and be scattered back into the beappaque object in the sample beam. At each change point,
it is advisable to mount them against a cell compartmentecord the wavelength and new slit width, so that they can be
window or in a much larger metal holder so as to block anyreproduced in step 5.5.
such paths. If in doubt, test with an opaque object of the same 5.3.1 If the spectrophotometer is provided with a single
size as the filter. beam mode in which the sample signal is compared with a

4.2.2 If there is any possibility that fluorescence of win-fixed electrical reference signal, use this provision to check and
dows, cells, or sample solvents may be contributing to SRP ifeadjust slit width instead of the less reliable pen response test.
the ultraviolet range, locate the test filter immediately follow- 5.4 Insert the filter in the sample beam.
ing the sample position in the beam, and test in the presence of 5.5 Scan slowly from high transmittance to low. When
such cell or solvent. Note that fluorescence of optical elementgbout 10 % transmittance is reached, stop the scan and turn the
between the sample and the detector merely modifies thglit servo off, but leave the pen on and the chart running,
detector sensitivity. It does not constitute an effective source ofecording the pen position for several full pen periods (mul-
SRP, since this fluorescent emission is not differentially abtiples of five times the time constant for an exponential
sorbed or transmitted by the sample. response function).

4.2.3 Plates of Alkali Halide about 6 mm thick for absorp- 5.6 Insert in the reference beam a “neutral” beam attenuator,
tion cell windows are commonly on hand in analytical labora-such as a screen selected from the list shown in Table 1, and
tories, and the 80 % transmittance points are specified for thisaving about 12 to 20 % transmittance.
thickness. However, other thicknesses, over a range from about5.7 Record the resulting increased apparent transmittance
4 to 15 mm, can be substituted without invalidating the test. for at least 20 times the nominal response period of the

4.2.4 Fused Silic&, in the form of cell windows, is com- instrument. (The lengthened time is required because the
monly available and useful over a thickness of 1 to 5 or 6 mmreduced reference beam energy results in sluggish pen re-
Crystal quartz is less desirable because of its birefringencaponse.) If possible, displace the optical attenuator, or the pen,
which may cause apparent cyclical transmittance variationsr both, by hand first in one direction, then the other, and allow

with wavelength. to recover to make sure that the photometric system still
functions.
5. Procedure 5.8 Note on the record the ratio of transmittance values, or

5.1 Verify that pen response is “normal,” that is, that normal‘setback,” that corresponds to the displacement at fixed slit
damping (preferably slight underdamping) and designatedvidth. . _ _ _
response time and low (less thafh %) dead zone exist. 5.9 Turn on the slits or otherwise adjust them to give normal
Follow the manufacturer’s instructions, or test by moving areference signal levels.
mask a small distance into and out of first the sample, then the \ ... 5 As indicated in Annex A4, the change in slit width may
reference beam. . . sometimes change the value of SRP. The displacement resulting from slit
5.2 Check the zero transmittance error with an opaqueidth change may be due in small part to this, or to possible shift of zero
shutter or sample. Adjust the zero control, or note the indicatedesulting from the change in illumination conditions resulting from the slit

zero and subtract it from subsequent readings. width change, but is mainly due to the accompanying change of spectral
bandwidth.

5Corning 7940 glass, General Electric Type 151 glass, Hereaus Suprasit————————————
Ultrasil, or Thermal American Spectrosil have been found satisfactory. 6 Celote® is a trademark of the Celotex Corp.
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5.10 Continue scanning in the direction toward decreasings normally encountered in use. If the final slit width corresponds to a

transmittance of the filter until the indicated transmittancenormal use value, the SRPR will be correct for that value. Such a
again falls to about 10 %. condition may sometimes be obtained by starting the series of measure-

) . ments at unusually high values of amplification or at high photomultiplier
5.11 Repeat steps 5.5-5.9, replacing the reference bea&?node voltage, accepting more than normal noise on the records of the

attenuator of step 5.6 by another with about 12 % of thesgpg test. If this is done, it is doubly important to be sure that the
transmittance of the previously used filter (about 0.9 absorphotometer scale still reads correctly near zero transmittance under the
bance more); or add a second attenuator, spaced from the fitsgher gain condition.
and having about the same transmittance as the first. o )
5.12 Again measure and note the new transmittance chande Precision and Bias
resulting from the reference beam attenuation at fixed slit 7.1 High accuracy is not required for SRPR determinations,
width. and no estimate of the precision that is achieved in using this
5.13 Repeat steps 5.11 and 5.12 with a succession @ést method is needed or useful. Although bias can be appre-
additional reference beam attenuators until the indicated transiable, figures on it can’t be given as bias will vary greatly with
mittance reaches a minimum, or until the slits reach theisuch things as the design of the instrument, the wavelengths
maximum value (Note 7). If the indicated transmittance doeshosen for testing, the materials available for use in performing
reach a minimum, select the reference beam attenuator for thibe test, and the care expended in performing the test. These
last setback such that the scale reading is about 10 % (or evemoblems are treated at various places in the text.
less, if the zero point is verified). If necessary, after selecting
the attenuator for the last setback, return to the preceding. lllustrative Example
attenuator and recording conditions before measuring the final g 1 A stray radiant power ratio test was done on a Cary
setback. Model 15 Spectrophotometer following the procedure de-
Note 7—To qualify the instrument for a particular application, it is SCribed in Section 5. The resulting recording is shown as Fig.
usually only required that the SRPR fall below a given value. It is then, ofl. The chart reads from right to left. The steps of the procedure
course, not necessary to continue adding reference attenuators beyond tee marked by the corresponding numbers of the paragraphs in
point required to demonstrate compliance. Section 5. Step 5.1 was performed but was omitted on the
chart. However, it is evident from the pen test shown in step 5.7

6. Calculation ; : )
. that the pen dead zone is small and its response sufficiently fast
6.1 Calculate the SRPR as the product of all the “setbacksg,en, with a reduction of total radiant power to less thaf

times the final transmittance fraction at the desired wavelength, - mal.
divided by the transmittance fraction of the 100 % line at this g 5 calculate in accordance with Section 6 as follows:
wavelength, measured in step 5.3, and divided by the filter
transmittance in its pass band (about 0.90, resulting from
surface reflection losses).

SRPR= 0.108% 0.118% 0.111X 0.151X% 0.183
0.0128 1
X 0,996 * 0.885
Note 8—Since the instrument SRPR often increases with increasing

slit width, the value obtained will ordinarily indicate a greater SRPR than = 5.67x 10 7 or 0.000057 %. 1)
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FIG. 1 SRPR Test of Spectrophotometer with Silica Prism Double Monochromator
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9. Keywords
9.1 molecular spectroscopy

ANNEXES
(Mandatory Information)

Al. GENERAL CONCEPTS

Al.1 Stray radiant power ratio in a spectrophotometer icommercially available for the infrared, visible, and near
difficult both to define and to measure. It is often defined as theailtraviolet ranges. Measure the absorbance of samples with and
proportion of transmitted radiant power of wavelengths outsidavithout the filter, setting the zero absorbance level also with
the nominal pass band of the monochromator to the total poweand without the filter, respectively. Appreciable differences of
transmitted. However, since only signal-producing radiantmeasured absorbance, especially at high sample absorbance,
power is significant, it is obvious that the relevant measure isndicate trouble from SRP. Samples should then be measured
the integral of the product of power and detector sensitivitywith the narrow band filter in the beam, or filters effective for
over all wavelengths except the pass band, divided by theejecting the SRP can be employed (see A1.2.7). This test is
corresponding total. In practice it is impossible to make the testecommended only as a supplement because of high cost for
conform exactly to this definition, so a more empirical defini-the array of test filters if it is to be applied for general
tion, based upon an accepted test procedure, such as thastrument evaluation, as well as the large amount of testing
described herein, must be used. time required. It is nevertheless strongly recommended for

critical applications.

Al.2 For absorption spectrophotometers, the definition and A1.2.2 Depending on the particular measurement to which
measurement problems are difficult. SRP is not uniquely ahe instrument is to be applied, one may be concerned only
function of the monochromator itself, but varies with thewith SRP of relatively remote wavelengths, or may find
spectral distribution of the source and of the detector sensitivso-called “nearby scattering” (sometimes defined as radiant
ity, and with other factors discussed below. Also, suitable tespower outside the pass band but within several bandwidths of
materials are scarce. The ideal filter for measuring SRP shoulghe nominal wavelength), of significance. For example, mea-
have intense absorption over a spectral region of adjustabkrements of aromatic compounds in the gas phase may impose
nominal wavelength and bandwidth, and negligible absorptiogery strict requirements on scattering of wavelengths adjacent
at other wavelengths. Such absorbers do not exist. One takes those absorbe@). A monochromator entirely suited for
advantage of absorption edges such as those seen with alkadjuid-phase measurements on the same compounds might give
halide crystals, certain liquids, and sharp cutoff glass filtershighly erratic and inaccurate measurements in the gas phase
and supplements these by finding a variety of substancegpplication.
having narrow, intense absorption bands. There are spectralA1.2.3 Because of these considerations, it is not practical to
regions for which no fully satisfactory filter material has beenspecify SRP in an absorption spectrophotometer in absolute
proposed. terms. Nevertheless, test procedures have been developed that

Al.2.1 The tests herein are of limited scope because shagive definite values; ones that are valid for certifying the
cutoff filters transparent for the ultraviolet but absorbing in thesuitability of a particular monochromator or spectrophotometer
visible, or transparent in the lower frequency infrared butfor most of the important applications, and that additionally
absorbing higher frequencies, are not in general availablellow instruments to be compared when similar detectors and
Fortunately, the available filters, from which a recommendedsources are used. SRPR is then defined as the fraction of the
set was selected, usually suffice to disclose significant SRP dbtal power that is contributed by wavelengths different from
remote wavelengths. This is because SRP caused by grodw®se of the spectral band passed by the monochronssor,
scattering arises principally from spectral regions where detedndicated by the test.
tor sensitivity and source intensity is high, and such sharp Al.2.4 SRP, if present in significant amounts, is dangerous
cutoff filters transmit efficiently these regions. If, however, because it is often unsuspected. With the passage of time,
there is any reason to suspect the presence of SRP afcreasing SRP frequently accompanies gradual deterioration
wavelengths within the stop band of the filter, for exampleof the optics in a spectrophotometer. Thorough testing annually
when a grating is used in second order in the higher frequendg recommended, with more frequent tests for certain critical
infrared and the stray might be of first order frequency, or ifapplications.

Beer’s law departures are observed when preparing calibration A1.2.5 It is not the intention of this test method to provide
curves(4),® the following supplemental test should be used: for calculating corrections to indicated absorbance values, and
Al1l.2.1.1 Obtain a filter that transmits efficiently all wave- to do so using results obtained from this test method is

lengths within the desired monochromator pass band, buhadvisable. Having a value of SRPR is insufficient: in order to
rejects the frequencies outside this band that might be causirgglculate a correction for the absorbance error caused by SRP,
trouble. Interference filters having suitable characteristics arene must know the spectral distribution of SRP, the absorption
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spectrum of the sample, and the spectral response of thewheres is the fraction of SRP to power within the nominal
detector. Without such full knowledge, even the sign of thepass band. For example, if the fraction of SRP is 0.001 for a
error is not known. If, for instance, a sample absorbs moreneasurement made at an absorbance of 1.5, the relative error in

(less) strongly at wavelengths where SRP is large, than it doegbsorbance is — 0.0091, or about nine times the proportion of
at the measurement wavelength band, the effect of SRP is tray to monochromatic radiant power.

increase (decrease) the indicated absorbance value. A1.2.7 Optical filters can be used to reduce SRP. Most

th Qibzégtr;orresglitggt:)?/r; \I/Cr\llivchk:ctrr:etzhsesgrigpcliiesg?lfustggt ggﬁb Mhodern spectrophotometers incorporate “blocking filters” for
shows a plot of absorbance error versus absorbance. WhiletﬁIS purpose, and make filter changes automatically at appro-

may seem too obvious to mention, it must be realized that thgrlatg wt?]velengtr:s. tSomekln?Ttrumints have f||terT| blﬂlgm’. bL:jt
relative error in absorbance is in this case larger than the SRP quire the operator 1o make filter changes manually. 1T desired,

Small relative errors in absorbancé)(are given by the the spectroscopist can p.rowde an appropriate blocking f||t¢r.
; A For example, a Corning filter No. CS7-54 (glass No. 9863) is
following equation:
useful for work between 260 and 380 ().
ANA =[—0.43410Ys]/A. . .. ... (A1.1)

A2. TEST MATERIALS

A2.1 Sharp cutoff filters are the most generally availabledifferent degrees of fluorescence, caution with the use of glass
for SRPR evaluation. As noted in A2.1, SPR caused by randorfilters is indicated.
scattering within the monochromator is principally of longer
wavelengths when instruments are used in the ultraviolet, and A2.3 Sharp cutoff solution filters have been investigated by
of shorter wavelengths when instruments are used in theeveral workers9, 10, 11),as have crystal filters for the
infrared. Fortunately, sharp cutoff filters having high transmis-4infrared (12).
sion efficiencies in the wavelength regions principally respon-
sible for SRP, are available in both instances. A2.4 Filters for reducing infrared SRP have been mainly of
two types: scatter filter€l3, 11),including grating filterg14),

Note A2.1—This section (A2.1) is not applicable to filter-grating and thin film interference filter&L5, 16, 17)

instruments that incorporate blocking filters.

A2.2 Glass filters for ultraviolet use can be valuable, but A2.5 In certain cases, narrow pass band absorbers have
must be regarded with suspicion, because most glasses exhipioved useful for evaluating scattering of both nearby and
significant fluorescencé7, 8). Unfortunately phototubes are remote wavelengths. Examples are the most intense bands in
frequently more sensitive to the fluorescent wavelengths thathe benzene vapor spectrum near 260 (18), hot mercury
to the short ultraviolet wavelengths that excite fluorescenceapor at 254 nng5), and polystyrene films at 13.3 and 14.4 um
efficiently. If the apparent SRPR is found to be increased by19). Other substances found useful are 1 cm of 0.005 %
locating the filter close to the phototube, or is decreased bgqueous solution of methylene blue, near 650 nm, and 5 cm of
preceding the glass filter with a solution filter of slightly shorter methylene bromide liquid at 1.43 pfR0). Of course the bands
wavelength cutoff, glass fluorescence may be limiting theused must be well resolved in order to give reproducible
SRPR readings. For less exacting applications, and for tests gasults. Because of large variations in resolution between
single monochromators, glass filters are very useful and@ommercial instrument models, no general methods based on
convenient. Since different batches of glass may exhibisuch bands can be recommended.

A3. STRAY RADIANT POWER AS AFFECTED BY OPTICAL SYSTEM DESIGN

A3.1 No part of the optical system of a spectrophotometemonochromator and that passes through the exit slit from some
is completely free of influence on SRP. For example, masks oregion other than the area of the aperture stop whence the
the source side of the monochromator will reduce SRP ifmonochromatic radiant power is intentionally passed to the
located optically conjugate to the aperture stop of the monoexternal optics.
chromator and made slightly smaller than the aperture stop
image traced by reversed rays. In this way illumination of the A3.2 Within the monochromator itself, a critical consider-
mask that defines the aperture stop inside the monochromatation is the freedom from scattering imperfections of the
is limited so that diffraction or scattering from mask edges andptical elements, and the surface perfection of mirrors, lenses,
mask surface imperfections is lessened. Similarly, in the bearand dispersing elements. Even with the best techniques for
between the monochromator and the detector, a mask conjpolishing optical surfaces, departures from perfect smoothness
gate with the monochromator aperture stop (if such a positiooccur (21), and in prism monochromators are principally
exists) will trap radiant power that may be scattered within theesponsible for the small-angle deviations of the emergent
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beams which are responsible for “nearby scattering,” or tailinghat are commonly used for SRP reduction in infrared grating
off of the slit function of the monochromator. monochromators may have “spike” leaks which can cause very
serious narrow band SRP problems. The same authors further

A3.3 Even if the first optical elements within the mono- note that higher orders of SRP can also be efficiently transmit-

chromator and the entering aperture stop are not overfilled, th@d by an “order sorting” prism monochromator in tandem with

process of dispersion causes rays to be deviated in such a Wahe grating monochromator if the prism monochromator is

as to illuminate much of the interior of the monochromatorgperated 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 th&ophotometer 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 o¥hich a solution can show apparent negative absorption
the collimator, if the resulting aberrations can be tolerated. [ff€cause 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 excessiv&ltraviolet 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
is ignored, it can easily turn out that it produces significant SREOr such difficulties when located alternately first ahead of the
only over a narrow spectral region, so that a monochromato?amme_’ then following it in the_optlcal train. Also, as noted forl
that gives excellent tests for SRPR over much of its workingdlass filters themselves, a shift of apparent sample transmit-
region, and possibly in all regions where such tests are easifpnce with a change of its proximity to the phototube strongly

made, may be seriously deficient over some particular narrokudgests significant fluorescence, although it can also be
spectral range. caused by scattering, beam deflection, on pathlength change.

A3.4 An advantage of the Czerny-Tumer or Wadsworth- A3.8 Another source of SRP may be lack of masking in the

type monochromators over the Littrow monochromator is that ample compartment to confine the _be_am within the_ sample
; : .cuvette. Even if the beam falls well inside the cell windows
only a part of the dispersed radiant power falls on the eX'tvvhen examined by the rules of geometrical optics, diffraction
collimator. The flux density on this mirror is therefore less thanat narrow slit width); or sample tSrbidit can cguse'it 10 soread
one half that of the Littrow arrangement, and its scatterin o that a reciable’ radiatic?n is transyr’nitted through thg cell
imperfections produce a correspondingly reduced amount 0 ppreci 9
trouble. walls or otherwise to the detector. A check for the error caused

by diffraction can be made with India ink or a similar* total

A3.5 Grating monochromators in general transmit effi-20Sorber” in the cell.
ciently other orders than the intended order. This source of SRP A3 9 Similarly, a leak past the shutter used for determining
is_troublesome in the infrared, since it leads to relativelyinstrument zero, or a leak admitting room light, can give
efficient transmission of a number of wavelengths at whichgroneous results.
usual sources emit strongly and detectors are sengRje It
is especially troublesome when the grating is operated near theA3.10  Electrical pickup can cause reading errors very
blaze angle, where quite narrow, easily overlooked bands dfimilar to those due to SRP. A check can be made by turning off
SRP may arise. the slit and source and looking for drifts of the pen in a
recording spectrophotometer, or following procedures given by
A3.6 As Keahl et a{22) have shown, the interference filters the manufacturer.

A4. VARIATION WITH SLIT WIDTH AND HEIGHT

A4.1 If the assumption is made that the scattering processionochromator, and also to the spectral bandwidth, which also
follows the Lambert distribution law, it is possible to state ais proportional to the slit width. The SRP too is proportional to
simple theory for the ideal monochromator which allowsthe square of the slit width, because it is linearly proportional
prediction of the way in which SRPR varies with monochro-to the width of the entrance slit, which controls aperture
mator slit width and slit height, and which is at least approxi-illumination, and also to the width of the exit slit, which affects
mately followed in practice. Several cases occur: the solid angle for the transmission of scattered radiation.

A4.1.1 Single Monochromator with* White” Continuum  A4.1.1.1 Transmission of monochromatic radiant power
Source—The SRPR does not vary with slit width (when the varies only linearly with slit height, because slit height has
entrance and exit slits are opened and closed simultaneously)egligible effect on bandwidth; whereas SRP varies with the
The radiant power within the pass band is proportional to thesquare of the slit height, just as with slit width. The SRPR
square of the slit width because it is linearly proportional to thetherefore increases linearly with slit height. (Actually, experi-
width of the entrance slit, which admits radiation to the ments to confirm this relationship show that, with gratings, the
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scattering is predominantly in the direction perpendicular to thengle subtended by the exit slit as viewed from the scattering
grating rulings, and the proportion of scattering varies as @&urface. Hence, it is proportional to both width and height of
fractional power of the slit height.) the exit slit. Thus, the fraction of stray-to-monochromatic
A4.1.2 Single Monochromator with Pure Narrow Line power is very much reduced by the second monochromator,
Source—Ideally, all of the radiant power in a monochromatic and it varies with the slit width and with the square of the slit
line that is admitted by the entrance slit is transmitted by theneight. The sensitivity to slit height makes clear the utility of a
exit slit when the monochromator is set at the wavelength olit-height control.
the line; thus the monochromatic radiant power is proportional A4.1.4 Double Monochromator with Line SoureeThe
to the entrance slit width and height. When the monochromatosame argument as for the double monochromator with con-
is displaced from the nominal wavelength, the intensity of theinuum source applies, except that the monochromatic power
scattered radiant power is varied by both entrance and exit shtaries only with entrance slit height and width. Therefore, the
width and height, and thus is proportional to the square of thesetio of stray-to-monochromatic radiant power varies with the
parameters. The ratio of SRP at remote wavelengths to mongquare of both the slit width and the slit height.
chromatic radiant power at the nominal wavelength is propor-
tional to slit width and height. A4.2 Because of these relationships, it is important that
A4.1.3 Double Monochromator with  Continuum tests for SRPR be made in most cases at slit widths and heights
Source—In the first monochromator section, as indicated inrepresentative of those actually used in the application of the
A4.1.1, the proportion of radiant power of the nominal wave-instrument. Unfortunately many published results on SRPR
length is independent of the slit width and varies with the firstmeasurements are made with nontypically narrow slits or with
power of slit height. (It is assumed that all slits, including theshortened slits, or both. It is often easy to arrange test
intermediate slit, are varied in width by the slit control.) The conditions that give SRPR values substantially different from
scattered radiation from the first monochromator that is transthose which would be found under conditions appropriate to
mitted into the second monochromator is rescattered by itapplications. Hence, a SRPR given without specifying test
optical surfaces. The amount emerging varies with the solighrocedure is essentially meaningless.
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