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Calibrating Wavelengths in the Region From 
0.6 to 2.6 Microns 

Nicolo Acquista and Earle K. Plyler 

The wave lengths of twenty absorption bands ha\'e been measured o n a grating bpec
trometer in the region from 0.6 to 2.6 mi cron s. Algo . se ver a l e mis~ i on lines of kr.vpton hay '! 
been meas ured in the near infrared region . The purpose of t his investiga tion was to mak e 
avai lable additional calibration poin ts for pris m instrume nts. 

The bands whi ch \\'ere selected fo r calibration are part s of t'he absorptio n spectra of 
didymium glass, carbon disulfide, 1,2,4-trichlorobenze ne, ca rbon disulfide , and polys ty re ne. 
Five grap hs of the measured spectra a re in cluded , and the calibrated wavele ngth, are 
mark E'd on t he band., in order to fa cilitate identification . 

In ord er to calibrate prism instrum en ts ad equately, 
many abso rp tion. bands and emission lin es of accu
ratcl.\T known wavelength s are needed . This is 
e pecially so in t he wavelength region b etween 0.6 
to 2.6 J.l. , wh ere the wave numb er span is 16,000 cm - l. 
The purpose of this inves tigation was to provid e 
add itional calibration poin ts in th e near infrared 
region. for use with prism instruments. Previously , 
th e problem of obtaining cal ibration points in the 
inhal'ed region h as been studied by Oetjen, Chao
Lou Kao , and Randal!.l :More recently, Plyler and 
Peters 2 have added ealibration points co vei:ing 
th e ("egion from 2 to 25 J.l. . There are still several 
gaps where furtbcl' calibration points woulel be high l ~T 
desirable , in addition to the combined results giv en 
in th e articl es cit.eel in footnotes 1 and 2. 

The calibration of oth er points in th (', ncar infra
red r egion from th e visible to 2.5 J.l. has been neglected 
b ecause no fundamental vibrational absorption band s 
h ave wavelength s less than 2.5 J.l. . For this reason, 
most observations commence at 2 J.l.. Recentl~', the 
importance of combination and harmonic bands has 
h een l'ecognilleci in the anal~' s i s of spectra, and 
measm ements arc now being made at wavelengths 
less than 2 J.l.. ~Jore accurate calibratin g wave
k ngth s are necessary in order to fullv uLilize Gh e 
high sensitivity of inst ruments which a rc eq uipp ed 
with lead sulfid e (PbS ) cells. The leael sulfid e cell 
has been found to be very ensitive JOY th e detection 
of radiant energy from 0:6 to 2.6 J.l. and thu s allows a 
much greatm' accurac.v and high er l'esolu lion than 
h it herto possible fOl' prism instruments. Th e wave
lengths listed in the presen t stud.v should assist in 
rel ieving this situation. 

Th e absorpLion bands selected for calibra tion 
\\"ere measured on a high -dispersion grat ing spec
trometer. Th csp ectrometcr hasa l 5,000-line-per-ineh 
gral ing as th e dispersing uni t, and th e collimating 
m irror has a focal Irngth of 102 em. A lead-sulfid e 
pholocondu cting cell detects the radiant enel'g,\r 
passing Lhrough t]l e exit slit of th e specLI·ometer. A 
more complete description of th e grating spee
trometet' has b een given in a previolls paper and 
will not be repeated h e1'e.3 

I R. A. Octien, Chao·Lou Kao, and II . :If . Rand a ll , RH. Sci. InsLr. 13, 515 
(1942). 

, Earle K . PlylN' and C. Wilbur Peters . .T. Hesearch N BS f.;, 452 (1950) HP21 59. 
3 Earle K. Ply ler and 1\ orman Gai lar, J. Hesearch X BS fl, 248 (1951) RP224g. 
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The calibration of th e spectromeGer has been nud e 
by th e use of higher orders of stand n;rd atomie lines 
that app ear as firs" order lines in the visible and ncar 
infrared spectrum . The emission lines from mer
cury, kr.\-pton, argon, n eon, and xenon werc ob erved 
fl'om high current arcs , and the posi tion of th e grating 
was indi cated by a counter wh en th e lines were de
tected . This nlad e iG possible to obta in a wave
length scale as a function of the counter readings. 
B~ the use of th e calibration curve for 1.h e gyating 
spectrometer , it was found that the wavelength s of 
spectral lines can b e measured t,o an aceu ra.cy of 
± O.OOOI J.l.. Wn en absorption bftnds arc measured , 
th e wavelengths can Ll suall.v b e determined to an 
accurac~T of ± 0.001 J..L. The grating sp ectromete r has 
a high dispersion and Lh e bands arc wid e, so thftt 
th ere is an uncerta in ty in locating Lhe position of 
maximum absorption . This reduce tbe aCCLIl'acy 
of the wavelength s to the above mentioned value. 
In order to h ave a dlcck on th e wavel ength calibra
t ion, two SOurees of rad iation a rc uSll all,v recorded 
simultaneo ush' . One so urce is a t ungs ten-ribbon
filament lamp, which is operaLed w i ~h a curi'ent of 
35 amp eres and setves as th e radiato,' of tbe contin
uous ene rgy. Th e olher so urce is a rn erClllY 01' ft 
kryp Lon are. B\- mea11S of mi1'1'o"l's, bolh sourc'e are 
fo cussed on th e entra nce slit of lhe specLromekL·. 

The exper iment.al resul ts arc rep resen ced in fi gu],cs 
1 to !'), and show th c speelm of didnTlium glass, 
polystyrene, ] ,2,4-tl'ichlo rob enzene, and Lhe em ission 
spectrum of kr.\'pton. Th e did.\'mium glass was 
selec ted on th e basis of its successful usc for calibra
tions in th e v isible region, wh ere tesls over a number 
of .\"ears h ave shown t ba t th e bands do not cha.nge 
in posit ion wi th differ en t batehes. Th e polystyrene 
and 1,2.4-tri chlol'obenzene ,,"ere selected because they 
arc now in ll se in the ]ongel' \\-avclength region ; thus 
the lolal number of ma ter ials needed fo1' cal ibration 
would not be increaseci. On e band of carbon disul
fid e (CS2 ) with a waYClengtb of 2.224 J.l. h as been 
calibrated. It is well separated from the oth er band s 
of CS2 an e! no figure is given as there should b e little 
difficult\- in its id ent in ealion. 

FigU/:e 1 is a t race of the spec lrum of clicl.vmium 
glass as measureci on a model 2l Perkin-Elmel' spec
trometer containing a ::\aCl prism. Th e wavelengths 
measured b~T th e use of the grating spectrometer are 
marked on the fi gure, and al'e also listed in tftble ] . 



T ABLE 1. 

' '''avele ngth 

" 0. 684 ± O.OOI 
.740 . 001 

". 743 .002 
. 748 . 001 
.808 . 001 

. 880 . 001 
1. 067 . 002 
1. 220 . 002 
L 5 17 . 003 
1. 681 . 002 

1. 918 . 003 
2. 144 . 00 1 

b2. 170 . 002 
2. 187 . 00 1 
2.224 . 002 

1.6606 .0002 
2. 1526 .0002 
2.3126 . 0002 
2. 4030 . 0002 
2. 4374 . 0002 

2.494 . 002 
2.543 . 002 

so w 

Calibration wavelengths faT prism instruments 

\Vave 
number 

(vae) 

cm- l 

14616 
135lO 
13455 
13365 
12373 

11360 
9369 
8194. 
6590 
594.7 

5212 
4663 
4607 
457l 
4495 

6020.3 
4644. 2 
4322.9 
4160,3 
4101.6 

4009 
3932 

State 

Solid .... . 
... do ...... 
... do ...... 
... do ...... 
... do ...... 

. _. do ...... 

... do ...... 

... do ...... 

... do ..... . 
F ilm _____ 

Solid ..... 
F ilm _____ 

... c1o ... . _. 

... do ..... _ 
Liquid ... 

... do ..... _ 

... do ..... _ 
___ do_._. __ 
_ .. do _._. __ 
_._do .. _. __ 

__ . do .... __ 
__ . do ___ . __ 

'l'hick
ness 

mm 
6 
6 
6 
6 
6 

6 
6 
6 
6 

. 6 

6 
. 6 
.6 
. 6 

5 

.5 

.5 

. 5 

.5 

.5 

.5 

.5 

Substance 

Didymi um glass 
Do . 
Do . 
Do . 
Do . 

Do . 
Do . 
Do . 
Do. 

Polystyrene 

Didymium glass 
Po lystyrene 

D o . 
Do . 

Car bon disulfide 

1 J 2J4JL~ r ich l oro benzene 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

• A vcrage value of the ma xim a for 0.740 and 0. 748 ,U . 

b Principal band observed with prism spectrome ter. 

Figure 2 is a trace of the record obtained for th e two 
band s at 0.743 and 0.808 /-l under high resolution. 
The emission lines arc produ ced by a mercury arc. 
The wavelengths listed on the graph for these lines 
are given as twice the s tandard values since the.'- arc 
recorded in the second order. Figure 3 !'eprescnts 
part of th e sp ectrum of polystyrene and shows th e 
regions used for calibration. The 1.681-/-l band is 
composed of one component, bu t the 2.170-/-l band 
h as two side branches that are hardly noticeable on 
th e prism instrument. Figure 4 represents the sp ec
trum of 1,2,4-trichlorob enzene from 1.6606 to 2.543 
/-l . The wavelengths are marked on the bands which 
have b een calibrated. In a previous puhlication 
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(see foo tno te 2) the bands with wavelengths 2.494 
and 2.543/-l were not lab eled ; two other bands were 
incorrectly labeled with these wavelengths. A glass 
prism was used in the spectrometer for th e meas
urem ent of the emission sp ectrum of lnypton, the 
results b eing r epresen ted by figure 5. Th e width 
of some of th e observed lines indicated that several 
components might be present. Further m easure
ments with the grating spectrometer proved that all 
the lines measured by the prism instrument had 
several componen ts. 

All of the calibrating wavelengths determined in 
the present stud y are listed in tables 1 and 2. 

The position of the maximum of absorption of those 
baIlds, which are no t s.nnmetrical or which hav e two 
or more components, is usually changed when meas-
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F IGURE 1. The adsorption spectrum of didymium glass under 
p1'ism dispersion f1'om 0.6 to 2.0 11 ; t= 0.6 mm. 
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F IG URE 2. The absorption speclrmn of didymium gloss with mercu1'Y lines superimposed as obtained with a grating instn tment 
for the bands at 0.743 and 0.808 JJ. ; t= 6 mm. 
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F IG umJ 3. T he in/rared absorpt·ion bands of polystyr·ene at 
1.681 and 2.170 f.' obtained w·ith a Wis'm inslr·ument; t= 0 .6 
mm. 

1 

WAVELENGTH ----+ 

FIG U RE 4 . N eaT infrared spectru'm of 1 ,2,4~lrichloroben zene 
obser ved with a lithiwn fhwride prism; 0.5 m'm cell. 

lll"ed with different spectral slit wid ths. When nar
row slits eorrespondinl~ to a spectral interval of 1 to 
3 A are used, as with th e grating spectrom eter, the 
tru e b and sh ap es are observed and each compon ent is 
r esol v ed . I'Vb en sp ectral sEt wid th s of 100 A 01· 
gr eater are used, as with prism instruments , a change 
in wavelength of the maximum of absorp tion of some 
hands may occur. This effect has b een observed by 
K . S. Gibson,· who found that th e wavelength of 
maximum absorption of th e 0 .743-,u band of didy
mium glass occurred at 0.745 ,u wh en th e sp ectral 
slit was changed from 100 to 200 A. 

The calibration wavelengths of th e bands of didy
mium glass in th e region of 0.68 to 0.88 J.L , which are 
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FIGU RE 5. I nfrared emission lines of kTypton obtained with a 
P erkin-Elmer spectr·ometer with a glass prism . 

listed in tab le 1, have b een compared with th e meas
uremen ts of Gibson.~ Of th e six bands, whi ch wel·e 
measured incleprnclentl.r, the wavelength valu e of 
only one differs by more tha n ± 0.001 J.L. This is 
within th e probable error of m easm ement . In t his 
study th e wavelength of one band h as b ee n found to 
be 0.880 J.L , whereas Gibson r eports a value of 0.883 ,u . 

T A B I_E 2. Calibr ated Icr-yp ton l·in es Jor prism in6trLm~ents 

\-\Pave \"'avo- \Vavo ' Vavc-
W avclen gth number Ic ngt h gr ot· \Ii avele ngt h num ber lcngth 
prism value (vac) ing value prism value (vae) gra ti n g 

value 

" 
cm- 1 

" " 
em-I 

" 
1. 278 ± O. 002 7823 { I. 27824 r 47 150 1. 29345 I. 47345 

I. 475 ± 0.005 6777 I. 47<128 

1.32l ± O.OOI 7538 { I. 32103 I. 47650 
I. 33042 I. 49618 

1. 374 ± O. OOl 7276 { I. 37389 

r'~'" I. 37633 1. 53269 

1. 533 ± 0.005 652l 1. 53353 r 33826 
I. 53719 

1. 3)2 ± 0.003 7182 
l. 3)240 1.51:133 
1. 393)J I. 54739 
1. 39742 

\' "'~ r- 44020 1. 67847 
1.'l42 ±O. 003 6933 I. 4421\l I. 683 ±O. 005 5929 

1. 68535 
l. 44693 I. 68904 

I. 68966 
l. 69357 

1. 8 17 ± O.OO l 5502 {1. 8107] 
1. 81844 

• K . S. Gibson , K B S Circula r 48'1 (1949). 
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In table 2 are given the wavelengths of the krypton 
emission lin es as measured by a prism instrument 
and by the gr'ating spectrometer', The grating valu es 
were furnished by C, J . Humphl'e.vs 5 of this Bureau. 
Th ese lines are not well suited for the calibration of 
prism instruments with a th ermocouple or bolometer 

S C. J. Humphreys, prh"atc communicati on. 

as th e detector, bu ~ a plism instrument with a PbS 
detector would have sufficien t resolution to separate 
many of th e component lines of th e krypton spec
trum. These lines would be useful fm calibration 
becf\,use of their high accuracy, whi ch is abou t equf\,l 
to 1 part in a hundred thousand, 

W ASHING'l'ON , April 2, 1952. 
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