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| ﬁPIM’) Designation: E 387 — 04
Standard Test Method for
I Estimating Stray Radiant Power Ratio of Dispersive

Spectrophotometers by the Opaque Filter Method 1

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 epsilone} indicates an editorial change since the last revision or reapproval.

| €L Nore—Section 9 was-added editorially in Novernber 1905,

1 This method is under the jurisdiction of ASTM Committe® E-13 on Molecular Spectroscopy and is the direct responsibility of Subcommittee E13d@iabet dtid
Visible Spectroscopy.

Current edition approvee-Mareh-36:1984. Feb. 1, 2004. Published-May 1984. March 2004. Originaty-published-as-£-387 — 69 T. approved in 1969ulsastificevi
approved in 1995 as E 387— 7284 {197785)

1. Scope

1—1—'Fhrs—teet—meﬂ%ed—a#erds—an—esﬁmate—ef—the—re+atrve

1.1 Stray radiant powe OW i ey 0 om those (SRP) can be a
i i ie er. Test-filter

|gn|f|cant source i d

i Atr onventiona
eeﬁormereral—speetreﬁmfeme{ers—used erreHH—Hee—ul%Fa\ﬁe}et—t-he—\ﬂaHe—t-he—ne&merared spectrophotometnc measurements anc

because its presence often |s—net—d|seussed—here|n

Note—t—An-eqtivatenttestmethod suspectae?)(1-4)? This test method affords an estimate of the relative radiant power, that is, the Stray Radiant
Power Ratio (SRPR), at wavelengths remote from those of the nominal bandpass transmitted through the monochromator of an absorption
spectrophotometer. Test-filter materials are described that discriminate between the desired wavelengths and those that contribute most to SRP for
conventional commercral spectrophotometers used in the uItravro+et thate vrsrble the-neasr ienfrared, and the mid-infrared rangestedibiese proc
apply to eficated. instruments of conventional design, with usual souasss, detect
including array detectors, and optical arrangements The vacuum ultraviolet and the far infrared present special problems that are not digtussed he

Note2—Reeentresearch 1—Resea(8hhas shown that particular care must be exercised in testing grating spectrophotometers that use moderately
narrow bandpass SRP-blocking filters—See-4.2. Accurate calibration of the wavelength scale is critical when testing such instruments. Rieker to Prac
E 275.

1.2 These procedures are neither all-inclusive nor infallible. Because of the nature of readily available filter materials, with a
few exceptions, the procedures are insensitive to SRP-ef-shorter very short wavelengths in the ultravielet-ervisible, or of lower
frequencies in the infrared. Sharp cutoff longpass filters are available for testing for shorter wavelength SRP in the visible and the
near infrared, and sharp cutoff shortpassilteyrs are available for testing at longer visible wavelengths. The procedures are not
necessarily valid for “spike” SRP nor for “nearby SRP.” (See Annexes for general discussion and definitions of these terms.)
However, they are adequate in most cases and for typical applications. They do cover instruments using prisms-or gratings, in either
single or double monochromators, and with single and double beam instruments.

Note 2—Instruments with array detectors are inherently prone to having higher levels of SRP. See Annexes for the use of filters to reduce SRP.

1.3 The proportion of SRP (that is, SRPR) encountered with a well-designed monochromator, used in a favorable spectral
region, typically is 0.1 % transmittance or better, and with-a—small-fraction-ef-1-%-—-With a double monochromater-it-may easily
can be less than-ppmxI1L.0°®, even with a broad-band continuum source. Under these conditions, it may be difficult to do more
than determine that it falls below a certain level-Actual Because SRP test filters always absorb some of the SRP, and may absorb
an appreciable amount if the specified measurement wavelength is not very close to the cutoff wavelength of the SRP filter, this
test method underestimates the true SRPR. However, actual measurement sometimes requires special techniques and instrume
operating conditions that are not typical of those occurring during use. When absorption measurements with continuum sources
are being made,-tis-freguently-true can be that, owing to the effect of slit width on SRP in a double monochromator, these test
procedurestend-to-give-“conservative™results; may offset in some degree the effect of absorption by the SRP filter; that is, because

[ ] 2The boldface numbers in parentheses refer to the list of references at the endof this method. standard.
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larger slit widths than normakmust might be used to admit enough energy to the monochromator to permit evaluation of the SRF
the stray proportion indicated is could be greater than would normally be encountered in use (but the net effect is still more likely
to be an underestimation of the true SRPR). Whether the indicated SRPR equals or differs from the normal-use value depends
how much the SRP is increased with the wider slits and on how much of the SRP is absorbed by the SRP filter. What must b
accepted is that the numerical value obtained for the SRPR is a characteristic of the particular test conditions as well as of th
performance of the instrument in normal use. It is an indication of whether high absorbance measurements of a sample are mo
or less likely to be biased by SRP in the neighborhood of the analytical wavelength where the sample-test determination is mad
1.4 The principal reason for a test procedure that is not exactly representative of normal operation is that the effects of SRP ai
“magnified” in sample measurements at high absorbanee—t-is-tusually might be necessary to increase sensitivity in some wa
during the test in order to evaluate the SRP adequately—Fhis—is—tsually can be accomplished by increasing slit width and s
obtaining sufficient energy to allow meaningful measurement of the SRP after the monochromatic energy has been removed b
the SRP—test) filter. However, some instruments automatically increase sensitivity by increasing dynode voltages of the
photomultiplier detector. This is particularly true of high-end double monochromator instruments in their ultraviolet and visible
ranges. A further reason for increasing energy or sensitivity can be that many instruments have only absorbance scales, whi
obviously do not extend to zero transmittance. Even a SRP-proportion as large as 1 % may fall outside the measurement rang

+5-Many-instruments

Note 3—Instruments thatttse have built-in optical attenuators to balance sample absorption may make relatively inaccurate measurements below 10

transmittance, because of poor attenuator linearity—AlHnstraments The spectrophotometer manufacturer sheuld-be-earefully-and-freduaehily chec
useel—belew—&beut—l—% consulted on how to callbrate transmmaee&becauseeﬂhe—pes&bﬂnye&aeshﬁkdeﬁe—&ee&eﬁ—&ekwﬁetha causes. Fc

ired if relia

-1—6—l=l-lgh level of transmittance.

1.5 High accuracy in SRP measurement is not always required. A; a measurement reliable within 10-er-20-%-is-always sufficient
but-eften-manyreadings-must may-be-easecadedto-obtain sufficient. However, regulatory requirements;-o+-the-finalresult, so th

painstaking needs of a particular analysis, may require much higher accuracy. Painstaking measurements are always desirabl

176 This standard does not purport to address all of the safety-preblems concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

absorbance
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3 For referenced ASTM standards visit the-petential-for-errorthat-eceurs-when-the-test-filterabserbs-anappreeiable portion ASTM website, argyveastmtact

ASTM Customer Service at service@astm.org. &onual Book of ASTM Standardslume information, refer to the-SRP. standard’s Document Summary page on the ASTM
website.
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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 wavelength interval over which the transmittance changes rapidly from high
to very low (that is, less than 0.01 %).

3.2.1.1 Discussior—The bandpass transmittance filters used in some spectrophotometers to reduce SRP within their bandpass
are considered to have both a short wavelength-and Use

3-1-Stray-radiant-pewer-can be-a-significant-seurce long wavelength absorption edge. The-rate of error change of transmittance
in_the absorption edge may not be as fast as for sharp cutoff filters.

3.2.2 blocked-beam spectruma spectrum recorded with an opaque (that is, transmittance less than 0.001 %) object in the
sample beam; the level of opacity must exist over the range of wavelengths where the photodetector is sensitive.

3.2.3 corrected spectrumthe transmittance (absorbance) spectrum of a SRP filter after the measured spectrum has been
adjusted for the offs,et of the open-beam spectrum and (transmittance mode) of the blocked-beam spectrum.

3.2.4 cutoff wavelength (wavenumberjhe wavelengt sh (wavenumber) at which the trransmittance of ashar exp cuteff fisltser
is-enrhanced-beeause 0.01 %.

3.2.5 filter, longpass—an optical filter having high transmittance at wavelengths longer than-its-presenee-is-efter-unsuspected.
absorption edge.

3.2.6 filter, moderately narrow bandpass SRP-blockirg filter used to reduce remote SRP-usually-inereases-with-the-passage

by transmitting efficiently over a limited band -ef-time—therefore—testing—should-be—performed-periodically—Fhis—test method
provides wavelengths within a nominal wavelength-randge @ specterophotometer.

3.2.7 filter, narrow blocking-band-an optical filter having high transmittance at shorter and at longer wavelengths than a
narrow band within which the transmittance is very low (that is, less than 0.001 %).

3.2.8 filter, narrow transmission banrd-an optical filter having very low transmittance at shorter and longer wavelengths than
those of a narrow band within which some transmittances exceed 10 %.

3.2.9 filter, neutral (also, neutral density: NBYa filter that attenuates the radiant power+atio of reaching the detector by the

same factor at all wavelengths withir-a-spectrophotometer,-and-so-revealing those prescribed wavelength-regions-where significant

photometric-errors-might-occur—t-doesnoetprovide region.
3.2.10filter, opaque—an optical filter that has transmittances less than 0.01 % over-a—means specified banrd-of-¢calculating

eorrections wavelengths.

3.2.11 filter, sharp cutoff—an 0pt|cal fllter that has a very rapld transition in wavelenqths (Wavenumbers) from a state of high
transmittance with care a state of very low
transmittance (that is, Iess than 0. 001 %)ﬂﬁd—undefstaﬁ&mg—as—eﬁeﬁeets—resuﬁ&e&n—eeeuﬁesﬂeemnh respect that continue

in that low transmittance state-te-seme-modern-grating-instruments at least the end of the spectral region-thatincerperate blocking
filters:

A—Apparatus-and-Materiat
4-1-Sereens is being tested.
3.2.12 filter, 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

(decrease).
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3.2.15 near SRP-stray radiant power of wavelengths (wavenumbers) within several spectral bandwidths from the spectral
position of the spectrophotometés).

3.2.16 open-beam spectrumthe spectrum recorded with no attenuating medium in the sample beam.

3.2.17 passband-ofEtehed-Niekel a monochromatpasefut-ferrefereree-beam—-attenuators the band of wavelengths around
the spectral position of the monochromator that-are-listed—in—Table 1 preferentially transmitted; of a sharp cutoff filter: the
wavelength region of high transmittance of the filter-and-footnote-4—They-may-also-be-convenientfor-guick-cheek™transmittance
“standards:—The-sereens—should-beplaced-asfaras-possible

3.2.18 remote SRP-stray radiant power of wavelengths (wavenumbers) more than several spectral bandwidths from the
spectral position of the spectrophotomef®).

3.2.19 specified wavelength (wavenumberthe wavelere-pgth (wavenumber) speeifierad bly the manufacturer-ef-a point
ateng spectrophotometer (or by the-beam-where it is spectroscopisty-as-wide-aspossible—Usualy-at-em-spacing-between scres
suffices that at which the SRPR is stated (or measured).

3.2.20 SRP—stray radiant power.

3.2.21 SRPR-stray radiant power ratio.

3.2.22 stray light—the term used in much technical and manufacturer’s literature-te-alow-aceeptable+eproducibility represent
either SRP or SRPR.

4. Summary ofresults—Theirexacttransmittance-varies-with-Hoecation Test Method

4.1 The following test procedures are written for spectrophotometers that have provision for recording (that is, for collecting
and storing) spectral data drqrtally Processrnq may be by burIt in proqrams—eem—the—beam—henee—they should a separate comput
Data may / i Hity parts of collected in either the
spee&emete&ehe&d—be—estabhehed transmlttance or the absorbance mode The data sets to be coll@tegemrdieam

spectrum: 100 % transmittance—eftwo—er—mere—sereens—used—in—cascade—or—tandem—is—rarely equal zero ab&rbance;
blocked-beam spectrum: 0 %T, transmittance mode only; (8n&RP filter spectra. Filter spectra are assumed to have been
corrected in the-product following discussion.

Note 4—For instruments that Iack dlgltal recordlng capablllty tradltlonal methods—ef—t-herr—separ&te—tr&nsﬁlttances correcting open-beam and may
blocked-beam spectra must: g i moiré effect. applled

speetraf—rangeHhe—frrst—eefumn—showsSpecrfled Wavelenqth Method

4.2.1 Manufacturers typrcally specify stray Irqht meanrnq SRPR, at one or more wavelengths. Where sharp cutoff SRP filters
are used, the Ver-W minations can specified wavelengths—shetie-be made.
test—wavefength—te—be—used—wrth—any—grven—test—fﬂteemﬂ—depend on near, but a I|ttIe toward—t-he—desrgﬁ—and—pefformance lowel
transmittance side, of the-ir i . The test cutoff wavelength of th
chosen SRP filter. Other wavellenqths can—be—that—at—whlch sgec fled Jey—the—true—transmrttance of spectroscopist, according to t
testfilter-becomes—anegligibly-small-fraction need-ef-the-ebserved-transmittance{Note 4 particular analyses, using sharp cuto
filters listed in Table 1 or sharp cutoff filters that are now available from various manufacturers-ane-Nete-5)—Fhe-secend columr
Fable—2)-shews distributorsCutoff wavelengths of some solution filters for the—appreximate-86-%-transmittanee-wavelength
erwaventmber-Seanning ultraviolet and cutoff wavenumbers of some solid filters ferthe-following-procedure-should-always begin
at-this-peint-oratone-mereremote-from mid-infrared are given in Table 1. Where narrow blocking-band filters are used, the tes
speetrabrange. filters themselves define the specified wavelength.

Note-3—Once_5—In some cases, manufacturers state SRPR at a wavelength well removed-from the test cutoff wavelergth of thas be cited SRP filte
This can result in an appreciable underestimate of the true SRPR at the specified wavelength. Users are cautioned to note carefully the spgaific informa

provided about the test used to determine the stated SRPR.
4.2.2 The SRP filter materials are selected for sharp cutoff, freedom from fluorescence, and sufficiently high absorption that thei

“Avaitabte

4 Sources of solution filters in-sheet-ferm-from-Pe ed-Predy A
glass filters, neutral density filters, and materials for mrd infrared fllters can be founeHn a
EA-94086-—Fhesehelders fit Annual Buyers Guides of several scientific organizations, in advertlsements in trade Journals that serve optlaafsmnhlsmhsmpllnes |n
catalogs of suppliers of optical and spectroscopic materials, and by searching the C Internet, using concatenations of selected termat, fiteaydigtit, color, absorbing,
solutlon (or I|qurd) cuvette, spectrophotometer—eeﬂ—bfocks ceII |nterference cutoff sharp cut Iongpass shortpass bandpass ngufatedimsrical-cells—Fhey-do

a cut dISkS sealedteufmttasemlters

Neminal
Abserbanee
1404113 —30 25K 85
1404112 —66 36R +
1404443 120 40-F 15
1404114 270 -56-W 20

mid infrared materials: infrared cells, infrared crystals, infrared accessories, fused silica.
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TABLE 1 Prilters foratTedsts for Sctreeay Radianst Power Ratio

NeTransminttaince,®
tdenCutiofief 80 %

Wavelengtieh, F “:;g‘;‘?' Sourbance?2 Detector®
Waven-Number? Wavelenssrigtth —
or Waveneumber

A. Sharp Cutoff Types

206 650 6:30+em YV YV
H.0F

173.5 nm 183 nm 0.01 cm H,0" uv uv

15H 041 0-3966-em Y YV
H,05

183.5 nm 195 nm 1.00 cm HZOF uv uv

151 629 6-5400-em12 YV YV
gt

F

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

1ON- 0-20 0-700-em-10 YV YV
g+L—NanF

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

—42P o614 8:8406-em10 v Y
gi—Nat
aguesus

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

10S 8:67 1200-em10 Y U
giKi-agueous

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

36F 803 +566-em Y U
acetone

325 nm 339 nm 1.00 cm uv uv
acetone

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

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

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 NaCl IR IR

200 cm™ 420 cm™ 6 mm KBr IR IR

B. Passband Filters

-20W 6:805-%{mass
fraetion)
—methylene .,

Approximate Stop Band 1.00 cm VIS VIS or NIR

20w 0.005 % (mass
fraction)

methylene

blue agueous”

1.66 to 1.75 mm 5.0cm NIR NIR
CH,Br,’

A avelenath-(orwa 0 nfrared-range -4 i
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.

D Under “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.

_’The identification number is that of Perforated Products, Inc., 68 Harvard St., Brookline, Mass. 02146. Screens from this manufacturer are the only ones so far tested
in committee work. Screens may be available from other manufacturers.
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transmittance in the stop band can be neglected. Liquid (solution) filters should be visually clear and free of bubbles; cuvette
windows should be free of striae. SRP will then set the limit to the minimum transmittance (maximum absorbance) observed.
unless an-nstrament adverse signal-to-noise ratio or limiting dynamic range-ef-any-given design, the spectrophotometer intervene

4.2.3 Open-beam, blocked-beam (zero % transmittance), and SRP filter spectra are recorded over the nominal wavelength ran
of the spectrophotometer in which the specified wavelength lies, and the filter spectrum-is-applicable-te-alHnstruments correcte
(automatically, in the case of some instruments). The limiting transmittance (absorbance), indicated by the leveling off or increas
(decrease) of the transmittance (absorbance) spectrum, is adjusted for the transmittance of the SRP filter in its high transmittan
passband. This result is the estimated SRPR. (If SRP is small enough that the limiting transmittance (absorbance) is not observe
see 4.2.4.)

Note 46—TFor a single monochromator instrument, inspection of the spectral curve may show, by where the transmittance (absorbance) levels off o
starts to rise (fall), the wavelength limit-ef-a—testfilter-can reliable use of the instrument. That limit might-be-determined set by SRP or by other
instrumental limitationsu (for example, dynamic range).

4.2.4 SRP in double monochromator instruments is too small for the limiting-transpmittance to be observed without using
increased reference attenuation. This is accomplished by inserting a calibrated neutral filter into the reference beam of a dilut
selﬂﬂen—e%a—mrn—epeemen double beam spectrophotometer and recording the spectrum-ofthe-testfitermaterial-and-using Beel
faw_SRP filter. It might be necessary-to—extrapotate—the—transmittance increase slit width in order to obtain an acceptable
signal-to-noise ratio (S/N). For a single beam spectrophotometer-the-eoneentration—oer-thickness—employed in spectrum of th
neutral filter is recorded and used as a divisor of the corrected+testfor-SRPR. filter spectrum (this will succeed only if the dynamic
range of instrument is adequate).

Note-5—For-testinggrating-spectrophotometers 7—Electronic scale expansion may be used, provigdet-thattuse-moderatelty narrow-banepass blockir
filters;use the S/N is acceptable.

4.3 Solution Filter Ratio Method

4.3.1 This method4) uses a-test solution filterthat-cuts-eff-sharplyat-a—wavelength-as-hear-as—possible-to-the-edge of the
ﬁaeebaﬁd—ef—the-bleekmg—mter—that from Table 1, PartA andse—ts—nefmally mtended for testlng only—m—the—beam—at—the—de&gnatec

; 0 ion cutoff ultraviolet range of
spec rophotometer The stample beam ﬁlteHe—mmrm&e—abserﬂeﬁ—ef—SRP by is a 10-mm pathlength cuvette contairing the te:

0 cover solution,-ane-the entire refereree-beam wit
subs{-anﬂal—sa#ety—ma@n—ereeause of f||ter is a 5 mm pathlenqth cuvette containing-the-tdangerthatradiant-erergy outside san

solution. Alternatively, the-noeminal reference beam—may—bypass the—f+|ter and eaH—be—se&tte*ed—back |nto a 10 mm_pathlengt
cuvette containing the-beam-itis-advisable solution dilute i i : much large

metal-holderse-asto-bleek-any-sueh-paths—H-n-doubt, one- half concentratlon ThIS test can be performed—wrth—&n—epaque obje

e»f a single beam instrument by recordlng—H&e—e&me—ai‘e—as—Hee f|Iter

RP, since caIcuIatlnq thelr ratlo However, th|s

ﬂﬂefeseent—emleaeﬁ is will net—eH#e%eHﬂaHy—absered—eHIw&Fm&e by pr owde—the—eample

alytical

80 % i i ified is thi eV ieknesses, over a neec
dynamic ran 2 i 2 - ==
4—2—4—Fused—81+|ea1ﬁ—t-he—fe1=m of—eeH—wmdews the mstrument thaHs—eemmeﬁty—ava&&He—aﬁd—tsefut—eveea—Hﬁekﬁess of1to

Ree variatiol

1 Stray radiant power—#em—a—mtatmg—be&m—medﬂlator can-be-compensated-by-an-adjustable-electrical-signak—The amount
significant source eof-compensation—required—varies error in spectrophotometric measurements. SRP usually increases wi

wavelength-and-slitwidth-—Make-frequentzero-cheeks-during-the-SRP-testsHtis-desirable-to-interpose-the-opague-shutter ahe
passage of time; therefore, testing should be performed periodically. Moreover-the-filter,-and-onty-briefly,-se-thatradiation from
thefilter SRPR test isself-compensated-Ashutter-made an excellent indicater-ofthickinsutating-board,-such-as-Celoetex, or sever
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by- being store
n the—samp+e—eempartment
s § g ontrolled
aty st Car i ranrtal control or
o i itwidth-i-and when pen
b i bject in the
sampte—beam—At—eaeh—ehang—pelnt spectrophotometer Acontrol chart record—et—the—waveteﬂgth—and—new—slﬂ—wrdth—so that they

5:3-1-fthe-spectrophotometer-is—provided-with i with a fixed
aeﬁﬂem—refaeﬁe&agﬁaﬁ%&prmﬁaenﬂaeeteaﬁd—madﬁ&smﬂmdthﬂnstead useful mdreate%ef—the—tess—rellable pen

5 A-the slit servo
srtron need—feﬁseveral—qu—peﬁ—peﬁeds—(letrplﬂcorrectrve
actron or, at least, et—twe—trmes the—&me—eenstam—feeame*peﬁeﬂtial—respeﬂse—fbmctron)

5-6—tnsertin_changing reliability of critical measurements.

5.2 This test method provides a means of determining-the—reference beam stray radiant power ratie—of-a—reutral” beam
atteﬁuater—sueh—as—a—sereen spectrophotometer at seleeted-from-theist shown wavelengths-inTable-L-and-having-abeut 12 to 20 9

0 instrument.
m-er ggi on ible, displac
Hae—epﬂeal—attenuate%eeﬂae—peﬁ—eeboth a spectral ranqe as determmed—by—hand—ﬂrst—m—eae—dﬁeetlon, then the SRP filter used,
thereby revealing those wavelength regions wher,e significant photometric errors might occur. It does not provide a means of
calculating corrections to indicated absorbance (or transmittance) values. The test method must be used with care and
understanding, as erroneous resullts can occur, especially with respeette+ecoverto-make sure some modern grating instrument
that incorporate moderately narrow bandpass SRP-blocking filters. This test method does not provide a basis for comparing the
photometrie-system-still-functions.
5:8—Nete-ontherecordtheratio performance-oftransmittance-values-er-setback,thatcorresponds-to-the-displacement at fixed

evels. different spectrophotometers.

NoTte—6—=As-indicatecHrAnnexA4the-changeinstitwidth-may 8—Ké#$ediscusses correction methods of measured transmittances (absorbances)
that sometimes-ehange can be used if sufficient information on-the value properties and performance-6f-SRP-The-displacementresulting-fom slit widt
ehaﬁge—may the instrument can-be-due acquired. See also A1.2.5.

5.3 This test method descrlbes the performance of a spectrophotometeem—sma”—part—te—ths—e#te—pessrble shiftterms of zero
resutting-from the e, but specific test parameters used. When
an analytical sampleﬁ—mamty—dﬂe to measured absorptron by—the—aeeempaﬁwqg change sample-of-speetral-bandwidth.

510 Continte-scanning-in-the-direction-toward-decreasing-transmittance radiation outside-ofthefilter until nominal bandpass
at the-i ardalytical wavelength can cause a photometric error, underestimating the transmittance-again-fallste-about 10 %.

5-31-Repeat-steps-5-5-5-9-+reptacing or overestimating-the-reference-beam-attenvater-of step 5.6 absorbance, and correspon
ingly underestimating the SRPR.

5.4 The SRPR indicated by-anotherwith-about-12 % this test method using SRP filters is almost always an underestimation of
the-transmittanee-of true value (see 1.3). A value cited in a manufacturer’s literature represents-the-previeushy-used-filter (about

0-9-abserbance-mere);-or-add performance-of-a-second-attenuater,spaced from new instrument, tested exactly in accordance witl
the-first-and-having-about manufacturer’s specification. The implication is thatthe-same-transmittance manufacturer’s stated SRPR

can serve as a benchmark for future performance, provided that-the first.
5—1—2—Agam—measur=e—aﬁd—note user performs the manufacturers specrfled test. It is recommended that users test new

5—1%—Repeat—steps—5—1—1—aﬁd—5—1—2—wrth mstruments promptly, thereby establrshrﬁg—a—successron comparatrve benchmark in terms

of-ade lits reach their
mae&m&m—value—éNete—?ﬁ—H—me—mdteated%smﬁtanee—dees—reach own testlnq facrlrtles The solutlon fllter ratio method (4.3) is

a convenient method for control-charting SRPR—-Mimumelenz, efdglshow that its results tend to correlate well with those of
thereference-beam-attenuator specified wavelength method, but for critical comparison with-the-last-setback such manufacturer’s
specification, the method used by the manufacturer must be used. Because some instruments reduce SRP by incorporating
moderately narrow bandpass SRP-blocking filters that are changed-as-the-seale reading wavelengthrange-is-aboeut10 % (or evel

tess, scanned, it is possible for SRPR determinations to be highly inaccurate-i-the-zero—pointis—verified)—-neeessary, after
seleeting cutoff wavelength of the SRP filter falls too close to the absorption edge of an instrument’s SRP-reduc{By filter
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6. Apparateus and Materials

6.1 Liquid cells for the ultraviolet should have low fluorescing fused silica windows; those for the visible and near infrared may
be of less expensive glass. Neutral filters must be approximately ck,onstant in transmittance over the full wavelength range of th
photodetector’s sensitivity; that is, for ultraviolet and visible testing, from the shortest usable wavelength in the ultraviolet to the
p_long wavelength end of the visible range. Recommended neutral (neutral density, ND) filters are the “metal-ong-quartz” type.
that is, evaporated metal on fused silica substrate. Recommended optical densities are 1.0,2:-0;-and-recording-conditions befc
measuring 3.0. It should not be necessary to stack neutral filters to have optical densities greater than 3.0. If stacking must be dor
separate these highly reflecting filters and tilt them slightly to avoid multiple reflection into the beam path.

6.2 SRP Filter Materials such as shown in Table 1, provide an array capable of covering nearly all normal ultraviolet and
infrared spectral ranges. The first column shows the cutoff wavelength (wavenumber). The test wavelength to be used with an
given SRP filter will depend on the design and performancke of the instrument under test, and so must be determined empiricall
(Note 3). The test wavelength shall be that at which the true transmittance of the SRP filter becomes a negligibly small fractior
of the observed transmittance (Notes 5 and 6). The second column (Table 1) shows the approximate 80 % transmittance wavelenc
or wavenumber. Scanning for the following procedure should always begin at this point, or at one more remote from the tes

spectral range.

Note—7—Totitratify 9—Once the-instrument test wavelength has been establishee-forap 3 guirec-that the SRPR
faH—beJrew—a SRP fllter and an mstrument of any glveﬁ—veﬂue It design, the teet—ns—ﬂaen—ef—eeufse—net—necessary appheab’:e—te—een&nue—adebng referenc

avelength

dwrded—by—the—&a%mﬁtanee#aeﬁon mstruments loe—lGG%Hne—aHstaveH%g%h—measufed—wstep—Eﬁ—and—dﬂﬁded by the
iepHosses). same design.

Note 810—SThe true transmittance of a SRP filter can be determined by measuring-the-instrument-SRPR-ofterinereases-with-inereasing slit width
spectrum of a dilute solution or a thin specimen of-the-value-ebtained-will-ordinarity-indicate SRP filter material and using Beer’s law to extrapolate t
transmittance to the concentration or thickness employed in the test for SRPR.

Note 11—For testing grating spectrophotometers that use moderately narrow bandpass SRP-blocking filters, use a SRP filter that cuts off sharply :
a wavelength as near as possible to the edge of the bandpass of the instrument’'s SRPR-blocking-filter thant is-rermaty-enceuntered in u the beam
the designated wavelength, if known. If necessary, consutt-the-firat-stit-wigth-eerresponds manufacturer, or test in accordance with the msnufacture
stated method. In any case, it is strongly recommended that the test wavelength itself be as close as possible to the transmission cutoff ofrthe SRP fil
in order to minimize absorption of SRP by the test filter.

6.2.1 SRP filters (and analytical samples) should be large enough to cover the entire cross-sectional area of the optical bea
with a-nermal-use-vatde, substantial safety margin. Radiation scattered in the sample compartment can sometimes bypass the S
filter (analytical sample), re-enter the optical beam, and reach the photodetector. If the determined-SRPR will appears to be larg
enough to bias a measurement significantly, use an opaque mask in the sample- comparrtment that intercepts any bypass
radiation, to test for this source of SRP.

6.2.2 If there is any possibility thatvalue—Sueh-a-condition fluorescence of windows, cells, or sample solvents-may-sometime:
be-ebtained-by-starting contributing to SRP in-the s ultraviolet range, locate the SRP filter immediately following the sample
position in the beam, and test in the presence-efmeasurements-aturusuaty-high values such cell or solvent. Note that fluorescer
of optical elements between the sample and the detector merely modifies the detector sensitivity. It does not constitute an effecti
source of SRP, since this fluorescent emission is not differentially absorbed-er-at-high-photemuitiptierdynode-voltage; acceptin
more-than-nermal-noise-on transmitted by-therecords sample.

6.2.3 Plates of Alkali Halide about 6-mm thick for absorption cell windows are commonly on hand in analytical laboratories
or can be obtained from dispensers of infrared cells, ang-the-SRPR test. If 80 % transmittance points are specified for this thicknes
However, other thicknesses, over a range from about 4-mm to 15-mm, can be substituted without invalidating the test.

6.2.4 Fused Silicain the form of cell windows, is-dene; it commonly available ane-is-deubly-impeortant useful over a range of

thickness of 1-mm to 6-mm. Crystal quartz should netbe-sure-thatthe-photometerscale-stilbreads-correetly near zero used becat
of its birefringence, which may cause apparent cyclical transmittanee-urderthe-highergain-condition. variations with wavelength

7 - B

edHazards

+1-High-aeceuraey-isnotrequiredHaze
7.1 Narrow blocklnq band f||ters referenced#eFSRPR—defefmmaﬂensﬁ&ndﬂee&rmateﬁHm—prea&en%s achieved use i
Al.2.2, using i i i i be given benzene and, .

bras—wﬂ—vaw—grea&y descnbed by TunnlcllfB) hot mercurv vapor should be handled W&h—s&eh—thhmgs—as—thhe—deagn of the

e-expended

pe#efmmg—ﬂqe%esﬂheseﬁfemems—ar&trea%ed—mfaﬁeuwaees—m%e text proper precautlon

8. Hiustrative-Example
8-1-A-strayradiantpower-ratiotest-was-done onProcedure
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8.1 Specified Wavelength Method

8.1.1 Record an open-beam (100 % transmittance or zero absorbance)-and-a—Cary-Model-15-Speetrophetometer following
blocked-beam (0 % transmittance spectrum in—the  troansmittance- modue) over the nominal wavelength range of the
spectrophotometer that includes the specified wavelength.

8.1.2 Insert the SRP filter into the sample beam (and, optionally, a blank solution in the referené® beam

8.1.3 For a single monochromator instrument, record the SRP filter spectrum. Correct it with stored open 5-beam and zero
transmittance spectra: T Inspect the spectral curve for indication of a limiting transmittance (absorbance). If such be present,
calculate the SRPR. Otherwise, proceed per 8.1.4.

8.1.4 For a double monochromator instrument (and a very low SRP single monochromator instrument), insert into the reference
beam a “neutral’” beam attenuator, that is, a neutral filter (or a built-in optical attenuator, for example, a perforated metal screen)
of which the transmittance at or near the specified wavelength of the testis-shown-as-Fig—1—Fhe-chartreads from right known.
Record the spectrum of the SRP filter and correct it. If necessary-teleft—Fhe steps have adequate S/N, increase the slit width and
repeat the measurement.

Note 12—As indicated in Annex A4, the change in slit width may change the value of SRP.

8.2 Solution Filter Ratio Method

8.2.1 Record the-procedure-are-marked by open-beam and blocked-beam (0 % transmittance) spectra per 8.1.1.

8.2.2 Select a solution from Table 1 that has a cutoff wavelength at or nearthe-coerrespendirg-numbers desired wavelength for
the test.

8.2.3 Insert into the sample beam of the spaectrophotometer a 10-mm pathlength cuvette filled with the solution. Insert into the
reference beam a 5-mm pathlength cuvette filled with the same solution. (Alternatively-tse-in-Seetion-5-Step-5-1-was-performed
but-was-emitted-on the reference beam a 10-mm pathlength cuvette filled with the solution diluted to one-half concentration. H)

8.2.4 Recewrd thev solution filter, ratio spectrum and correct it.

8.3 Mid-Infrared Testing

8.3.1 Proceved as per 8.1 for the specified wavelength method, using SRP filters from Table +ferthe-pentest-shown in step
5-#that mid infrared range.

5 A paired set of sealed cuvettes viz., Kl solution per Table l as the SRP fllter and a water blank for the reference beam is available commercially.
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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 Siiea-P-Gratismrg-Double Monochromator (Perkin-Elmer 900)

Specified Wavelength Method: SRPR = 1.0x10°° at 200.0 nm
Solution Filter Ratio Method: SRPR = 1.1X10° at 201.8 nm

10
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Note 13—To qualify the-perdead-zone instrument for a particular application;t-is-smat-and-its-response-sufficiertty-fast-even with usually only
required that the SRPR fall below-a-—reduetion given value. It is ther;-eftetal-radiant power course, not necessary-te¥essehgreater reference

beam attenuation beyond the point required to demonstrate compliance.

9. Calculation

9.1 For the Specified Wavelength Method, calculate the SRPR as the produet-ef-normal.

8-2—Caleulate the limiting transmittance at the desired wavelength times the transmittance of the reference beam attenuatio
divided by the transmittance of the SRP filter in its high transmittancce wavelength band (about-0.90, rdesulting from surface
reflection losses). Calculate SRPR with-Seetion-6-as-fellows: the observed limiting transmittance (absorbance), the transmittanc
(absorbance) of the reference beam attenuation, the transmittance (absorbance) of the SRP filter's high transmittance band, ¢
incorporate the corrections with the open beam and blocked beam spectra (Eq 1 and 2).

cnRpPpR—_N100 Q

Nn-11 n1cq
o "="U 100 \VJ = o)

N-114 n-199
LV s i e \VJ R u U000

0.0128 1
X 0.996 ~ 0.885
. 567 X 10’7SRPF¢ [(TL — Tee) (TRA/THigh)]/[TOB — Tesal (1)
SRPR= [( TI — TRR) (TRA/ THinh)] / [Tnn — TRR] (1)
SRPR= Antilog;o[( =)(AL + Aga — Avign — Acp) 2
where:
T (A) = observed limiting transmittance (absorbance),
Tea(Agn) = transmittance (absorbance) of the reference beam attenuation,
Tiigh (Aign) = transmittance (absorbance) of the SRP filter in its high transmittance band. (If a blank solution is used in the
reference beam, s&t,,, = 1; Auin = 0),
Tor (Aqr) = open-beam transmittance (absorbance), and
Tae (Agg) = blocked-beam transmittance (absorbance).
9.2 For the Solution Filter Ratio Method:
SRPR= 0.25T7 [(T, — Tgg) / (Tog — Taa)l? 3)
- SRPR=0:25T26r0-000057%Antilogr —2-tA—Ags)] (4)
SRPR= 0.25T? Antilog;,[— 2 (A, — Agp)] 4
where:
T, = observed minimum transmittance, aAdis the observed maximum absorbance, and
T, = net transmittance through the cuvette interfaces (two silica-air, and two silica-solution).

9.2.1 Eq 3 and 4 differ from their prototypes (i#) because(a) account is not taken there of possible needTigg and Teg
corrections, andb) it is assumed that the transmittance of the solution filter in the reference beam is exactly equal to the square
root of the that of the solution filter in the sample beam. This is the case for the transmittances of the solutions, themselves, bt
account must also be taken of the fact that there are reflectance losses at each of the four interfaces of the two cell windows,
is done in Egq 3 and 4.

9.2.2 Suitable values foF? are 0.83 (200 nm — 250 nm), 0.84 (250 — 300 nm), 0.85 (300 nm - 350 nm), and\0:8850

nm).

10. Report

10.1 Report the identification of the spectrophotometer, the date of the SRPR test, the SRPR test used, the SRP filter used, t
reference beam attenuator(s) used and the net transmittance (absorbance) of reference beam attenuation, the observed limi
transmittance (absorbance), the wavelength at which the SRPR was determined, and the value of the SRPR obtained.

11. Precision and Bias

11.1 High accuracy is not always required for SRPR determinations, and no estimate of the precision that is achieved in usin
this test method ordinarily is needed or useful. However, where regulatory or Quality Assurance requirements demand the forme
establishment of an Uncertainty Budget for the procedure, the spectroscopist must determine precision by the usual method
multiple replications of the SRPR measurements, considering all of the relevant operational variables. These variables may incluc
temperature, filter rotation, etc. Although bias can be appreciable, figures on it can’t be given, as bias will vary greatly with such
things as the design of the instrument, the wavelengths chosen for testing, the materials available for use in performing the tes
and the care expended in performing the test. These problems are treated at various places in the text and in the(lefrences
. Where high accuracy is mandated, only a research grade double monochromator instrument should be relied upon. A control-che
record showing the initial comparison with the manufacturer’s specification and the results of periodic re-testing should be of grea
value toward minimizing the uncertainty of bias.

11
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12. lllustrative Examples

12.1 Fig. 1 shows transmittance spectra recorded for the Specified Wavelength Method and for the Solution Filter Ratio Method.
The SRP filter is KCI in agueous solution (see Table 1). The spectrophotometer used is a Perkin-Elmer Lambda 900, which
automatically calculates and displays spectra corrected for open-beam and blocked-beam offsets. It also adjusts automatically for
the transmittance of the SRP filter in its high transmittance band (Specified Wavelength Method). This spectrophotometer has a
built-in optical attenuator for the reference beam. A displayed transmittance spectrum has the reference beam attenuation
automatically incorporated into the indicated transmittance values. Because the spectra shown in Fig. 1 are fully corrected:

Specified Wavelength Method: (5)
SRPR=1.0X 10 °=1.0X 10"° at 200.0 nm
Solution Filter Ratio Method: (6)

SRPR= 0.25X% 0.83(2.3%x 10 %? = 1.1 X 10"%, at 201.8 nm

913. Keywords
913.1 molecular spectroscopy; spectrophotometry; stray light; stray radiant power; SRP; stray radiant power ratio; SRPR

ANNEXES
(Mandatory Information)

Al. GENERAL CONCEPTS

Al.1 Stray radiant power ratio in a spectrophotometer is difficult both to define and to measure. It is often defined as the
proportion of transmitted radiant power of wavelengths outside the nominal passband of the monochromator to the total power
transmitted. However, since only signal-producing radiant power is significant, it is obvious that the relevant measure is the integral
of the product of power and detector sensitivity over all wavelengths except the passband, divided by the corresponding total. In
practice it is impossible to make the test conform exactly to this definition, so a more empirical definition, based upon an accepted
test procedure, such as that described herein, must be used.

Al.2 For absorption spectrophotometers, the definition and measurement problems are difficult. SRP is not uniquely a function
of the monochromator itself, but varies with the spectral distribution of the source and of the detector sensitivity, and with other
]| factors discussed below. Also, suitable test materials are scarce. The ideal filter for measuring-SRP _should would have intense
absorption over a spectral region of adjustable nominal wavelength and bandwidth, and negligible absorption at other wavelengths.
Such absorbers do not exist. One takes advantage of absorption edges such as those seen with alkali halide crystals, certain liquid:
and sharp cutoff glass filters, and supplements these by finding a variety of substances having narrow, intense absorption bands
There are spectral regions for which no fully satisfactory filter material has been proposed.

Al1.2.1 The tests herein are of limited scope because sharp cutoff filters transparent for the ultraviolet but absorbing in the
visible, or transparent in the lower frequency infrared but absorbing higher frequencies, are not in general available. Fortunately,
the available filters, from which a recommended set was selected, usually suffice to disclose significant SRP of remote wavelengths.
This is because SRP caused by gross scattering arises principally from spectral regions where detector sensitivity and source

J| intensity-is are high, and such sharp cutoff filters transmit efficiently these regions. If, however, there is any reason to suspect the
presence of SRP of wavelengths within the stop band of the filter, for example when a grating is used in second order in the higher
frequency infrared and the stray might be of first order frequency, or if Beer's law departures are observed when preparing

J calibration curveg4)>the(5), the following supplemental test should be used:

Al.2.1.1 Obtain a filter that transmits efficiently all wavelengths within the desired monochromator pass band, but rejects the
frequencies outside this band that might be causing trouble. Interference filters having suitable characteristics are commercially
available for the infrared, visible, and near ultraviolet ranges. Measure the absorbance of samples with and without the filter, setting
the zero absorbance level also with and without the filter, respectively. Appreciable differences of measured absorbance, especially
at high sample absorbance, indicate trouble from SRP. Samples should then be measured with the narrow band filter in the beam
or filters effective for rejecting the SRP can be employed (see A1.2.7). This test is recommended only as a supplement because
of high cost for the array of test filters if it is to be applied for general instrument evaluation, as well as the large amount of testing
time required. It is nevertheless strongly recommended for critical applications.

Note Al.1—Selected pairings of sharp cutoff shortpass and longpass filters can be combined to make narrow transmission band filters at visible and
near infrared wavelengths. Sets of such filters are commercially available.

Al.2.2 Depending on the particular measurement to which the instrument is to be applied, one may be concerned only with SRP
of relatively remote wavelengths, or may find so-called “nearby scattering” (sometimes defined as radiant power outside the pass

12
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band but within several bandwidths of the nominal wavelength), of significance. For example, measurements of aromatic
compounds in the gas phase may impose very strict requirements on scattering of wavelengths adjacent to thos@Gai#gdéibed

A monochromator entirely suited for liquid-phase measurements on the same compounds might give highly erratic and inaccurat
measurements in the gas phase application.

Al1.2.3 Because of these considerations, it is not practical to specify SRP in an absorption spectrophotometer in absolute term
Nevertheless, test procedures have been developed that give definite values;: ones that are valid for certifying the suitability of
particular monochromator or spectrophotometer for most of the impertant-applications;-and-that-additionaly-allew-nstruments to
be-compared-when-similar-detectors-and-seurees-are used. applications. SRPR is then defined as the fraction of the total power t
is contributed by wavelengths different from those of the spectral band passed by the monochasastdndicated by the test.

Al.2.4 SRP, if present in significant amounts, is dangerous because it is often unsuspected. With the passage of time, increasi
SRP frequently accompanies gradual deterioration of the optics in a spectrophotometer. Thorough testing annually i
recommended, with more frequent testsing for certain critical applications.

Al1.2.5 It is not the intention of this test method to provide for calculating corrections to indicated absorbance values, and to
do so using results obtained from this test method is inadvisable. Having a value of SRPR is insufficient: in order to calculate &
correction for the absorbance error caused by SRP, one must know the spectral distribution of SRP, the absorption spectrum of ti
sample, and the spectral response of the detector. Without such full knowledge, even the sign of the error is not known. If, fol
instance, a sample absorbs more (less) strongly at wavelengths where SRP is large, than it does at the measurement waveler
band, the effect of SRP is to increase (decrease) the indicated absorbance value.

A1.2.6 For situations in which the sample does not absorb in the spectral region over which the SRP is distribute@1$lavin
shows a plot of absorbance error versus absorbance. While it may seem too obvious to mention, it must be realized that the relati
error in absorbance is in this case larger than the SRPR. Small relative errors in absodhanegien by the following equation:

ANA = [—0.43410M A (A1.1)
AAJA = [ —0.43410Ns)/A ... (A1.1)

wheres is the fraction of SRP to power within the nominal pass band (i.e. the SRPR). For example, if the fraction of SRP is
0.001 for a measurement made at an absorbance of 1.5, the relative error in absorbance is — - 0.0091, or about nine times t
proportion of stray to monochromatic radiant power.

Al1.2.7 Optical filters can be used to reduce SRP. Most modern spectrophotometers incorporate “blocking filters” for this
purpose, and make filter changes automatically at appropriate wavelengths. Some instruments have filters built-in, but require tf
operator to make filter changes manually. If desired, the spectroscopist can provide an appropriate blocking filter. For example,
€Corning Schott Glass Type UG-5, 3.0-mm thick polished filtterNe—C€S754{(glassNe- 9863) is useful for work between 260 and
380 nm.{6)

A2. TEST MATERIALS

A2.1 Sharp cutoff filters are the most generally available for SRPR evaluation.-As inodicated in A%2.1, SPRP caused by
random scattering within the monochromator is principally of longer wavelengths when instruments are used in the ultraviolet, anc
of shorter wavelengths when instruments are used in the infrared. Fortunately, sharp cutoff filters having high transmissior
efficiencies in the wavelength regions principally responsible for SRP, are available in both instances.

Note A2.1—This section (A2.1) is not applicable to filter-grating instruments that incorporate blocking filters.

A2.2 Glass filters for ultraviolet use can be valuable because of their convenience, but they must-be regarded used witl
suspieton, caution, because most glasses exhibit significant fluoregge®enfortunately-phototub€g). Photodetectors used
in the ultraviolet and visible regions are—freguently generally more sensitive to the fluorescent wavelengths than to the shor
ultraviolet wavelengths that excite fluorescence efficiently. If the apparent SRPR is found to be increased by locating the filter close
to the photodetubector, or is decreased by preceding the glass filter with a solution filter of slightly shorter wavelength cutoff, glas:
fluorescence may be limiting the SRPR readings. For less exacting applications, and for tests on single monochromators, gla
filters are very useful and convenient. Since different batches of glass may exhibit different degrees of fluoreseenee;—eaution wit
the-use-of glass filters i should be tested individually. Moderately sharp cutoff, and a moderately narrow bandpass, glass filters al
useful for SRP-reduction in the region from 700 to 1000 nm.

A2.3 Sharp cutoff solution filters have been investigated by several wofBet®.11)as-have-erystal-filtersfor-the-infrared
12)(2,8).

A2.4 Filters for reducing mid infrared SRP have been mainly of two types: scatter - ig(8,9), includin
grating filters(140), and thin film interference filter&5,-16:17).(11)

A2.5 In certain cases, narrew-pass-band blocking-band absorbers have proved useful for evaluating scattering of both neart
and remote wavelengths. Examples are the most intense bands in the benzene vapor spectrum-re&t@6tatmm, hot
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mercury vapor at 254 nifs6), and polystyrene films at 13.3 and 14-4-{#8)-Other mm. Other substances found useful are 1-cm
pathlength of 0.005 % (mass fraction) aqueous solution of methylene blue, near 650 nm, and 5-cm pathlength of methylene
bromide liquid at 1.43-pr20)-Ofeourse mm. Of course, the bands used must be well resolved in order to give reproducible
results. Because of large variations in resolution between commercial instrument models, no general methods based on such band
can be recommended.

A3. STRAY RADIANT POWER AS AFFECTED BY OPTICAL SYSTEM DESIGN

A3.1 No part of the optical system of a spectrophotometer is completely free of influence on SRP. For example, masks on the
source side of the monochromator will reduce SRP if located optically conjugate to the aperture stop of the monochromator and
] made slightly smaller than the aperture stop image traced by reversed rays. In this way, illumination of the mask that defines the
aperture stop inside the monochromator is limited so that diffraction or scattering from mask edges and mask surface imperfections
is lessened. Similarly, in the beam between the monochromator and the detector, a mask conjugate with the monochromator
aperture stop (if such a position exists) will trap radiant power that may be scattered within the monochromator and that passes
through the exit slit from some region other than the area of the aperture stop whence the monochromatic radiant power is
intentionally passed to the external optics.

A3.2 Within the monochromator itself, a critical consideration is the freedom from scattering imperfections of the optical
elements, and the surface perfection of mirrors, lenses, and dispersing elements. Even with the best techniques for polishing optical
[ surfaces, departures from perfect smoothness g@dg(12), and in prism monochromators are principally responsible for the
small-angle deviations of the emergent beams which are responsible for “nearby scattering,” or tailing off of the slit function of
the monochromator.

A3.3 Even if the first optical elements within the monochromator and the entering aperture stop are not overfilled, the process
of dispersion causes rays to be deviated in such a way as to illuminate much of the interior of the monochromator with energetic
radiation. In a monochromator in which the off-axis angle of a collimator is too small, radiant power can be returned from the
collimator to the dispersing element and after again being dispersed can fall by specular paths directly on the exit slit. This is often

J| called “double dispersion,” or “secondary dispersion.”. The best remedy is to increase the off-axis angle of the collimator, if the
resulting aberrations can be tolerated. If not, such specular ray paths may be interrupted by judiciously masking off a part of the
aperture stop, often without excessive loss of monochromator transmission efficiency. If this problem is ignored, it can easily turn
out that it produces significant SRP only over a narrow spectral region, so that a monochromator that gives excellent tests for SRPR
over much of its working region, and possibly in all regions where such tests are easily made, may be seriously deficient over some
particular narrow spectral range.

A3.4 An advantage of the Czerny-Turner or Wadsworth-type monochromators over the Littrow monochromator is that only a
part of the dispersed radiant power falls on the exit collimator. The flux density on this mirror is therefore less than one half that
of the Littrow arrangement, and its scattering imperfections produce a correspondingly reduced amount of trouble.

A3.5 Grating monochromators in general transmit efficiently other orders than the intended order. This source of SRP is
troublesome in the infrared, since it leads to relatively efficient transmission of a number of wavelengths at which usual sources
| emit strongly and detectors are sensiif2&).(12). It is especially troublesome when the grating is operated near the blaze angle,
where quite narrow, easily overlooked bands of SRP may arise.

A3.6 -AsKeahtetal22) have-shown;the The interference filters that are commonly used for SRP reduction in infrared grating
monochromators may have “spike” leaks, which can cause very serious narrow band SRP preblems—The-same-authers further note
that-higher Higher orders of SRP can also be efficiently transmitted by an “order sorting” prism monochromator in tandem with
the grating monochromator if the prism monochromator is operated under such low resolution conditions that more than one order
falls within its spectral pass band.

I A3.7 Another often-overlooked source of SRP in a spectrophotometer is fluorescence from the absorption cell or sample itself.
It is entirely possible to set up conditions under which a solution can show apparent negative absorption because of the higher
sensitivity of the detector for the fluorescence radiant power generated on absorption of the ultraviolet energy, than for the
monochromatic radiant power itself. Glass or solution sharp cutoff filters provide a quick test for such difficulties when located
alternately first ahead of the sample, then following it in the optical train. Also, as noted for glass filters themselves, a shift of
apparent sample transmittance with a change of its proximity to the phetodetubector strongly suggests significant fluorescence,

I although it can also be caused by scattering, beam defleetion, on or pathlength change.

A3.8 Another source of SRP may be lack of masking in the sample compartment to confine the beam within the sample cuvette.
Even if the beam falls well inside the cell windows when examined by the rules of geometrical optics, diffraction at narrow slit
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widths, or sample turbidity, can cause it to spread so that appreciable radiation is transmitted through the cell walls or otherwis
to the detector. A check for the error caused by diffraction can be made with India ink or a similar“ total absorber” in the cell.

A3.9 Similarly, a leak past the shutter used for determining instrument zero, or a leak admitting room light, can give erroneous
results.

A3.10 Electrical pickup can cause reading errors very similar to those due to SRP. A check can be made by turning off the sli
and source and looking for drifts of the photometric scale reading in a recording spectrophotometer, or following procedures giver
by the manufacturer.

A4. VARIATION WITH SLIT WIDTH AND HEIGHT

A4.1 If the assumption is made that the scattering process follows the Lambert distribution law, it is possible to state a simple
theory for the ideal monochromator which allows prediction of the way in which SRPR varies with monochromator slit width and
slit height, and which is at least approximately followed in practice. Several cases occur:

A4.1.1 Single Monochromator with “White” Continuum Soured he SRPR does not vary with slit width (when the entrance
and exit slits are opened and closed simultaneously). The radiant power within the pass band is proportional to the square of tf
slit width because it is linearly proportional to the width of the entrance slit, which admits radiation to the monochromator, and
also to the spectral bandwidth, which also is proportional to the slit width. The SRP too is proportional to the square of the slit
width, because it is linearly proportional to the width of the entrance slit, which controls aperture illumination, and also to the width
of the exit slit, which affects the solid angle for the transmission of scattered radiation.

A4.1.1.1 Transmission of monochromatic radiant power varies only linearly with slit height, because slit height has negligible
effect on bandwidth;, whereas SRP varies with the square of the slit height, just as with slit width. The SRPR therefore increase
linearly with slit height. (Actually, experiments to confirm this relationship show that, with gratings, the scattering is predominantly
in the direction perpendicular to the grating rulings, and the proportion of scattering varies as a fractional power of the slit height.)

A4.1.2 Single Monochromator with Pure Narrow Line Sourekdeally, all of the radiant power in a monochromatic line that
is admitted by the entrance slit is transmitted by the exit slit when the monochromator is set at the wavelength of the line; thus
the monochromatic radiant power is proportional to the entrance slit width and height. When the monochromator is displaced fron
the nominal wavelength, the intensity of the scattered radiant power is varied by both entrance and exit slit width and height, an
thus is proportional to the square of these parameters. The ratio of SRP at remote wavelengths to monochromatic radiant pow
at the nominal wavelength is proportional to slit width and height.

A4.1.3 Double Monochromator with Continuum Souredn the first monochromator section, as indicated in A4.1.1, the
proportion of radiant power of the nominal wavelength is independent of the slit width and varies with the first power of slit height.
(It is assumed that all slits, including the intermediate slit, are varied in width by the slit control.) The scattered radiation from the
first monochromator that is transmitted into the second monochromator is re-scattered by its optical surfaces. The amount emergit
varies with the solid angle subtended by the exit slit as viewed from the scattering surface. Hence, it is proportional to both width
and height of the exit slit. Thus, the fraction of stray-to-monochromatic power is very much reduced by the second monochromator
and it varies with the slit width and with the square of the slit height. The sensitivity to slit height makes clear the utility of a
slit-height control.

A4.1.4 Double Monochromator with Line Soure€The same argument as for the double monochromator with continuum
source applies, except that the monochromatic power varies only with entrance slit height and width. Therefore, the ratio of
stray-to-monochromatic radiant power varies with the square of both the slit width and the slit height.

A4.2 Because of these relationships, it is important that tests for SRPR be made in most cases at slit widths and height
representative of those actually used in the application of the instrument. Unfortunately, many published results on SRPF
measurements are made with non-typically narrow slits or with shortened slits, or both. It is often easy to arrange test condition
that give SRPR values substantially different from these-which that would be found under conditions appropriate to applications
Hence, a SRPR given without specifying test procedure is essentially meaningless.
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