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Reference Wavelengths for Calibrating Prism 
Spectrometers 

Earle K. Plyler, 1. R. Blaine, and Matthew Nowak 

Stan da rd wa \"clengLhs for cali b ratin g infrared-prism in str um ent s nave been measured 
fro m t he a bsorpLion ba nds of polysty rene, 1,2,4-tr ichlorobenzen e, and toluene. Several 
b an ds of didym ium glass have been ca librated for t he nca r- infra red r egion, an d 27 rota 
t ionallines of t h e 3. 3-micro n ban d of m ethan e have been m easured. 

The wavelengths fall in Lhe region fr om 0. 6 to 24 m icron s, bu t t he g reatest numb er a rc 
in t he 3- to 6-m icron reg ion . A few bands of several other materials are a lso give n in t he 
\\'avc!e ngth t a bles, and 11 figurE'S of t h e Rpectra ma rked wit h t he cali braLing valu es a re 
incl ucled for iden t ifi ca t ion . 

1. Introduction 

Two repor ts [\ JL have been issued b.'T t he Bureau 0 11 

calibrat ing wavelengths for 'Pri sm spectrometers. 
T he pr esent repor t inco rporates the data of the 
earlier reports and gives t lte results of recen t cali
brations that have bee11 made. Other p apers haye 
been published b." several laboratories [2] and t bei)' 
resul ts ar c of value for addi t ional ealibration points . 
All of the s tandard wavelengths Lllat have been 
supplied arc not sufficient for calibrations needed 
for the range of the infrared region from 0.8 to ] 50).L 
01' for t he wid e variety of instrumen ts used in tbis 
region , espeeiall." witl)' t he differences in resolution 
ob ta ined with different prism materi als. For ex, 
ample, the CO and CO2 absorp tion bands between 
4 and bJ.L, are well su i ted for calibration bu L canHO (, 
be resolved in to th eir rotational structUJ'e b,' a rock
sal t prism. The requ irements for the calibration of 
a spectrometer using a rock-salt prism are much dif
feren t from t hose of an ins trumen t using prisms of 
li thium HUOl'ide and of calcium flu oride. When the 
thermocoupJe of an instrumen t is r eplaced by a 
PbS detector, more bands that conta in the ro ta
t ional s tru cture of gases can be used for calibra tion. 
Still higher resolu t ion can be ob tained by replac ing 
the prism in the sp ect rometer with a grating. This 
usuall~- allows the use of many bands for calibration , 
and if too high a precision is no t required, many 
bands that have been measUl'ed on large gra ting 
instrumen ts can be used. 

This repor t docs no t include me thods of calibrn.
tion of high-resoIu Lion gra ting spectrometers. The 
use of the fringe s." stem of a Fabry-Pero t in te)' , 
ferometer for accur ate measuremen t of line positions 
observed wi th grating spectrometers has been pre
viously describ ed [3]. 

The cal ibra tion poin ts lis ted in the present paper 
are primarily suited for low .. resolu tion instruments . 

2 . Method of Measurement 

A large grating spectrometer can easil." m easure 
sharp spectral lines wi th an error not greater than 
1 par t in 100,000, This aCCllracy can be obtained 

1 Figures in bmckets indicat( the:litcrature references a(tbe end of th is paper . 

b.\' using s tandard lilles of neon, argon , krypton, or 
xenon , in higher orders that overlap the band being 
measUl'ed. T he standard spectral lines 01' the 
fringe s." s tem of a Fabry-Pero t interferometer are 
recorded simultaneously with th e absorp ti on band 
being s tudi ed . The gra t ing spectr ometer and the 
method of calibration are described in reference [3]. 

Th e meaSUl'ement of the absorpt,ion bands of 
liquids an d solids under high resolu tion often reveals 
side bands 0 1' complex strucLure. The way in which 
t he componen ts add up to produce a seemi ngl.\' sharp 
ba nd on a prism instrument must b e approximated 
by the in Lensity and the positions of t he various 
components. An y band in Lhe range 1 to 10 J.L t hat 
is found to have an un certa in t \T of more than ± 0.003 
).L is no t lis ted as a wavelengtli for calibratio n. 

Another approac h in th e calibra tion of bands is to 
open the sli t of the grating spectrometer 0 that 
r esolu tion equal Lo Lhat of a prism spectrometer is 
ob tained. This meLhodreduces the h igh precision of 
meaSUl'emen t wi t h the grating spectrometer , bu t 
wi th the wide range of resolu tion of different specLro
meters, the band shapes could not be match ed for all 
instrumen ts. I n order Lo avoid the difficul ties of the 
low-resolution method, all t he bands r epor ted in this 
work have b een calibra ted wi th high-resolu tion 
spectrometers. 

In the measuremen t of Q-branches of bands, con
siderable fine structure is observed. The Q-branch 
of the NH3 band at 2.999 ).L is shown in figure 1. 
There ar e 30 or more separate lines and the band 
extends from 2.996 to 3.002 J.L; the cen ter on low 
r esolution is estimated to be 2.9990 ± 0.0005 ).L . All 
of the bands measured on t he gra ting instrumen t, 
appear to be broad, and the es timate of the cen ter for 
low resolution accounts for t he un certainty given 
with the results listed in the tables. 

2 .1. Region From 0.6 to 2 .6 Microns 

Although the in tense infrared bands of molecule 
are observed at wavelengths grea ter than 2 p. , it is 
sometimes necessary to measure the transm ission of 
filt ers and the absorp tion of combination bands in the 
near-infrared r egion . The atomic spectral lines are 
well sui ted for calibration in this region . The 
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F I GCRE 1. Absorption spectmm of NH3 in the Q-branch of the 2. 999-micron band with hi gh 1·esolution. 
The spect rum w as obser ved with a meIer cell a t 5 mm (Hg) pressure. 

spectr a of m ercury, neon, argon, kr~-pton , and 
xenon are rich in near-infrared lines, som e of which 
have been m easured and listed in another publica
t ion [3]. 

The atomic spectr al lines are observed in emission, 
bu t it is usually easier to use calibrating wavelengths 
in absorption on most infrared spectrometers. 

Several bands of polystyr ene, 1,2,4-trichloroben
zene, didymium glass, and carbon disulfid e have b een 
m easured from 0.6 to 2.6 fJ., and th e wavelengths 
are listed in table 1. In addition to wavelength s, 
the wave numbers in vacuum, the state, t he thick
ness, and t he material are tabulated. For spec-

TABLE 1. Calibration wavelengths for p1·ism in slr1l1nenis from 
0.6 to 2.6 }J. 

" . a velength W ave 'rhiek· 
Ji. (air) number Slale ness Suhsta nce 

(vacuum ) 
----------------

cm- 1 mm 
O. 684 ± 0. 001 14616 Solid ...... 6 Did ymium glass. 
. 740 ± .00l 13510 ._ . do _ . . . _. n Do. 

a.743 ± .002 13455 ... do __ ... . 6 Do . 
.748 ±. 001 13365 ... do ....... 6 Do . 
. 808 ± .00l 12373 . _. do_ ._ ... 6 Do . 

. 880 ± .001 11361 .. . do __ . ... 6 Do . 
1. 067 ±. 002 9369 ... do ...... 6 Do . 
1. 220 ±. 002 8195 . _. do _ .. . .. 6 Do . 
1. 517 ± .003 6590 ... do _._ .. . 6 Do . 
1. 681 ±. 002 5947 Film ______ 0.6 P olystyrene. 

1. 918 ± . 003 5212 Solid ...... 6 Didymium glass. 
2.144 ±. OOI 4663 Film .. . ... 0.6 P olystyren e. 

b 2. 170 ±. 002 4607 ... do _. _._ . . 6 Do. 
2. 187 ± . 001 4571 ... do .. . ... .6 Do . 
2.222 ±. 002 4499 Liquid . ... 5 Carbon disnlfide. 

1. 6606 ± . 0002 6020.3 ... do . . _ ... 0.5 l,2,4-rrrichlorobenzenc . 
2. 1526 ± .0002 4644.3 . _. do _. _._. .5 Do . 
2.3126 ± .0002 4322.9 . _. do _._ ... . 5 Do . 
2. 4030 ± .0002 4160.3 . _. do _ . . . _. .5 Do . 
Z.4374 ± . 0002 4101. 6 _ . . do_ . . _ .. .5 Do. 

2.494 ± .002 4009 . . . do __ . . _. . 5 Do . 
2.543 ± . 002 3931 _ . . do _._ . . . .5 Do. 

• Average value of t he maxima for 0.740 and 0.748 Ji.. 
b Principal band obsen·ed with prism spectrometer. 

trometers that are able to r esolve the rotational 
structure of the CO band at 2.34 J.i-, there are provided 
about 50 lines from 2.3 to 2.5 fJ. t hat arc known to a 
high accuracy [4]. Table 1 is essentially the same 
as that given previously [1]. 

The observed spectrum of didymium glass, 
1 ,2,4-trichloro b enzen e, and polystyrene with 10'" 
resolut ion are shown in figures 2, 3, and 4. 

2 .2. Region From 2 .6 to 22 Microns 

The region from 2 .6 to 15 fJ. is employed for 
analysis of many compounds. As there are many 
automatic instrumen ts in use that give the wave
length readings directly, it is important to haye a 
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F IGUR E 2 . Absorption sp ectrum of didymium glass, 6 milli
meters thicle, in the Tegion from 0.6 to 2 microns. 
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FIGUR E 3. N em'-inJrared spectrum of 1 ,2,4-tTichlorobel1 ze ne 
fOT a cell thickness of 0.5 milLimeteT. 
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F I GUR E 5. I nJj'ared abs01'ption bands of polystyrene in the 
region of 3.4 m ic1'on s for a fiLm about 25 microns thick , as 
obs erved with a lithium ./lu01·ide p1·ism . 

r i few substa nces t ha t can be used Lo check t he cal i
brat ion of the instrumen t. A numb er of absorpt ion 
bands have been measured for Lhi s r egion. The 
largest number of bands have bee n selected from the 
spectrum of polystyrene, toluene, and 1,2,4-t ri
cblorobenzene. 
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FIGURE 4. N ear-inf m red spectrum of polystyrene for a thick

ness of 0.6 millimeter. 

Pol~-sL}Tene fllms are easily made, and Llle spec
trum is su itable 1'0 1' a check of the instrument . 
Several of the ba nds have been l'emeasured, and the 
wavelengt hs cbeck closcl? wi th the previous values 
[1], and an estimate of Lhe accuracy of Lhe wave
lengths has been given. 

Figure 5 shows the bands in t he 3.4-1l region of 
pol.vstyr ene as measured wi th a LiF prism. 

Fig ure 6 is a record of the spectrum from 2 to 
15 Il , m eas ured wiLh a rock-saIL prism . "\Then Lhe 
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I nJmred absorption spectrum, from 2 to 15 microns, of a 50-micron film of polystyrene measured with a rock-salt prism 
instrument. 
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F I GURE 7. Infrared spectr1l1n of toluene from 2 to 15 11licrans,~as:abserved with a rock-salt prism. 
Cell thickness wa s 0.05 mm. 
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FIGURE 8, Spectrwn of 1 ,2,4-trichlorobenzene f rom 2 to 15 microns, as observed with a rock-salt prism. 
Cell was 0.025 rum, and the insert spectrum from 3. 5 to 5 IJ. was measured with a cell of 0.2 mm . 

surfaces of the film are parallel a number of inter
ference fringes appear in the spectrum. The fringes 
are of low intensity and usually do not change the 
wavelength of the absorption bands . 

100.------------------------------------, 

Figure 7 represents the spectrum of toluene. 
Some of the bands that have been measured fall 
close to the calibrated bands of polystyrene and of 
1,2,4-trichlorobenzene (fig . 8) . Anyone of these 
substances would be sufficient for checking any 
changes that may occur in a spectrometer with a 
wavelength scale. 
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The absorption spectrum of Corning fused quartz 
has a strong band at 2.7 11-. This band has been 
measured for a calibration point in this region , and 
the center occurs at 2.735 11-. The absorption spec
trum is shown for a thickness of 0.7 mm in figure 9. 
With a thinner sample the band is not as broad 
and is less absorbing. This band is produced by 
occluded water and it is not present in all types of 
fused quartz. 

o L-__ ~ ____ ~ ____ ___' ______ ~ ____ ~==~ 

Other materials with absorption bands, listed in 
table 2, arc carbon dioxide, carbon disulfide, methyl-

FIGURE g, 
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TABU:; 2. Calibrat'ing wavelength s from 3 to 24 J.1. 

W avclength 
(a ir) 

Wave 
n um-

ber State 
(vac-
uum) 

p. cm-1 

D escription Substa nce 

2.735 ± 0.0002 3655.3 Solid __ __ 0. 7 mm thick____ Quartz . 
2.9990 ± . 0005 3333.5 Gas _____ 1-m cell , 5 mm NIh 

(H g). 
3.3101 3020.2 __ _ do ____ 5.0-cm cell , 10 M ethanc. 

em (H g). 
3.2204 3104.4 Solid ____ 25-/' film _____ ___ Polysty rene. 
3.2439 ±. 0002 3081. 9 __ _ do _________ do __________ Do. 

3. 2668 ±. 0002 
3.3026 ±. OOO I 
3.3303 ±. 0001 
3.422 ± .00l 
3. 5070 ±. 0005 

5. 138 ±. 005 
5. 343 ±. 003 
5.549 ±. 002 
6.238 
6.692 

3060.3 ___ do ___ ______ do _____ ____ _ 
3027. 1 ___ do _____ ____ do _________ _ 
3001. 9 ___ do _________ do _________ _ 
2921.5 ___ do ______ ___ d o ___ ______ _ 
2860. 7 ___ do _________ do ___ ______ _ 

1945.8 ___ do ____ 5O-/'fi lm ___ ____ _ 
1871. 1 ___ do ______ ___ do _________ _ 
1801. 6 ___ do _________ do _________ _ 
1602.7 ___ do ______ ___ do ________ _ _ 
1493.9 ___ do _________ do _________ _ 

8.662 llM.2 __ _ do ________ _ do _________ _ 
9.724 1028. 1 ___ do _________ do _________ _ 

11. 035 906.0 ___ do _________ do _ 
3.2393 ± .OOO6 3086.2 Liquid __ 0.05-mm eeIL __ _ 
3.2908 ± .0003 3038.0 ___ do _______ __ do _________ _ 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Tolucne. 
D o. 

3.4220 ±. 0009 2921. 5 ___ do _______ __ do __________ Do. 
3.4840 ±. 0004 2869.5 ___ do _________ do ____ ______ Do. 
3. 6566 ± .0002 2734.0 ___ clo _________ do __________ Do. 
5. 14i2 ±. 0007 1942. 3 ___ do _________ do ________ __ Do. 
5.3818 ±. 0006 1857.6 ___ do _________ do __________ Do. 

5.549 ± .002 
21. 52 
3.2434 ±. 0003 

1801. 6 ___ do _________ do _________ _ 
464 .6 __ _ do _________ do _________ _ 

3082.4 ___ do ____ 0.025-mm eeIL __ 

3.5564 ±.0002 2811.1 ___ do _________ do ____ _____ _ 
3.7067 ± .0002 2697. 1 __ _ do _________ do _ ____ ___ _ 

5. 3034 ±. 0025 
17. '10 
18.10 
21. 80 
22.76 

20.56 

2. 7144 
4.866 
9.672 
4. 258 

13.883 
14.98 

7.268 

11.475 
11. 862 

1885. 1 __ _ do _________ do _________ _ 
574 .6 ___ do _________ do _________ _ 
550. 5 ___ do _________ do ___ ______ _ 
458.6 ___ do _________ do _________ _ 
439.3 ___ do _______ __ do _________ _ 

486.3 __ _ do ____ 0.05-mm cell (sat. 
soln. in OS,). 

3683. 0 Vapol".. _ 5.0-em eeIL ___ _ _ 
2OM.5 ___ do _________ do _________ _ 
1033.6 ___ do _________ do ________ _ 
2347. 9 Gas _____ Atmosphcric ___ _ 

720. 1 ___ do _________ do _________ _ 
667.4 ___ do _________ do _________ _ 

1375.5 Liquid __ 0.05-mm ceIL __ _ 

871. 2 ___ do ______ __ _ do _________ _ 
842.8 ___ do _____ ____ do _________ _ 

Do. 
Do. 

1,2,4.-TricllloJ'o-
benzene. 

Do. 
D o. 

D o. 
D o. 
Do. 
D o. 
Do. 

1,2,3-Trich loro
benzene , 

Metha nol. 
Do. 
Do. 

Oarboll dioxide . 

Do. 
Do. 

~reth y leyclo
hexane. 

Do. 
Do. 

23. 85 419. 2 Va pol'. _ Atmospheric ____ ,Yater. 

cyclohexane, and methanol. The wavelengths of 
the bands of methanol have not been r emeasured 
but are taken from the work of Borden and Barker [5]. 

The spectrum of 1,2,4-trichlorobenzene has b een 
measured 111 the regLOn from 14 to 24 J.i- , figure 10. 
The absorption bands at 17.40, 18. 16 , and 2l.80 J.i
were measured on a grating spectrometer . The 
broad band at 22 .76 J.i- was measured on a pnsm 
spectrometer and I S probably accurate to ± 0.02 J.i- . 

The absorption spectra of many gases have been 
measured and would be useful for calibration. If 
the prIsm spectrometer cannot resolve the spectra 
in to the rotational lines, they should not be used. 
Th e atmospheric-water-vapor lines ill the vibra
tional rotational band are no t properly resolved with 
prism instruments, but the pure rotation spectrum 
from 20 to 150 J.i- is well sui ted for calibration. These 
lines have been measured by Randall , D ennison, 
Ginsburg, and vveber [6], and their ar ticle lists the 
observed wavelengths_ 

The spectrum of methane at 3.3 J.i- contains many 
rotational lines of t he P- and R-branches, which 
are spaced at intervals of about 10 cm - 1. This 
band was recently mea ured wi th high resolu tion, 
and many of the lines were found to have several 
components. The spectrum was then recorded 
with a resolution of 0.3 cm- 1, and the center of the 
componen ts of a line was estimated by comparmg 
the results with the high-resolu t ion measurements . 
A pho tograph of the low-resolution trace IS shown 
m figure 11 , and t he positions of lines are gLven m 
table 3. Where partial resolu tion IS obtained m 
some lines of th e P-branch, the wavelength and wave 
number are listed as applying to the strongest 
componen t. 

The absorption lines observed bet'l'leen the meth
ane lines are part of the 2V2 band of atmospheric 
watcr vapor. The values of the wave numbers of 
the lines reported in this table are probably accurate 
to ± 0.05 em- I, but a more precise table of wave 
Ilumbers, including all the components of the lines, 
will be listed in another paper. 

Hydrogen chloride and hydrogen bromide also 
have many rotational lines in their spectra that fall 
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FIG URE 10. Sp ectn t1n of 1 ,2,4-trichl01'obenzene from 14 to 24 m icrons , as observed with 
a EBr prism. 
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FIGURE 11. The 3.3-micron band of methane uith medium resolution. 
Celllengtb, 5 cm; pressure, 10 em (H g). 

TABLE 3. Rotational lines oj methane in the 3.3-p. band 

Wave· W ave 
Line len!!;th number 

(air) (vacuum ) 
---------

" cm-1 

p" 3.45309 2895. 18 
PIl 3. 43937 2906.72 
PIO 3.42801 2916.36 
p , 3.41571 2926.86 
p , 3.40352 2937.34 

p , 3.39131 2947.92 
p , 3.37952 2958.20 
p , 3.36760 2968.67 
P, 3.35592 2979.00 
p , 3.34552 2988.27 

p , 3. 33343 2999.10 
R o 3.30070 3028.84 
R, 3. 29012 3038.58 
R , 3.27969 3048.25 
R , 3.26945 3057.79 

R , 3.25932 3067.30 
R , 3.24932 3076.74 
R , 3.23955 3086.02 
R , 3.22992 3095. 22 
Rs 3.22041 3104.36 

R , 3.21103 3113.42 
RIO 3.20174 3122.46 
Rll 3.19261 3131. 39 
R1 2 3. 18365 3140.20 
R 13 3.17480 3148.95 

R" 3.16610 3157.61 
R15 3. 15751 3166.20 

in the region from 3 to 5 jJ.. These gases have 
recently been measured by Thompson and his 
co-workers [7] on a grating spectrometer, and the 
positions of the lines are listed in his papers. 

The absorption bands listed in tables 1 and 2 are 

selected for the calibration of spectrometers of low 
or medium resolution. The calibration of high
resolution instruments would require atomic-spectral 
lines or the rotational lines of the bands of gases. 

Additional calibrating wavelengths can be ob
tained by u-sing the bands of methane and ammonia, 
which almost completely covcr the range from 6 to 
12 jJ.. The 'wavelengths for these lines have not been 
listed because no high. precision measurements of 
these spectra are available, but the current measure
ments in the literature are sufficiently accurate for 
the calibration of prism spectrometers. 
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