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Wavelength Calibrations in the Far Infrared (30 to
1000 Microns)
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A dismusden is preaented of certain calibration proeodures employed in the reglon 30 te

1M microne.

Crlcolated positiona for the pure rotetional abaorption lines of the CO,

HON, and N0 molecules ace given, ahd & map of the pure rotational ebaorption lines of the
H, 3 moloeuls as resorded with & Perkin-Elmer modal 301 speetrophotometer Lo showh.

1. Introduction

During the recent meetinge of the Triple Com-
miesion for Spectrozcopy, there have been discussions
about the need for systematizing the wavelangth
standards and the wavelenpth ealibration techniques
for the infrared region. To partially meet this need,
a ropert [11! has been compiled comsisting of maps
and the epectral positions of several vibration rota-
tion bands securring in the region 2.5 to 150 Evi-
dently, it 13 important to provide such data for vse n
tha far infrared at wavelengihs longer than 15u snd
extending into the millimeter region of the electro-
tnegnetie gpectoam.  Furthermnore, it i of intereat to
examine eritically all the currantl’y available wave-
length ealibration techniques becausa af the impossi-
bility of devizing one procedure that can be adopted
for the entire spectral region between 30 to 1000,

2. Experimenta] Procedure

In tha fur infrared region we observe mosily the
pure rotational spectrs of molecules, It is possible
to caleulate tha pogitions of the pure rotationsl lines
of a dintomic molecole like CO and lnear {ristomic
molecules like HON and Wi by omploying ihe
rotatiotnl eonatants derived froin studies of the
imicrowsve and near infrared wheorption spectra of
these inolecules. One mav conceive of three different
ways in which the pure ratational lines of simple
molecules such us OO, N0, and HCN can be used
for the calibration of far infrared grating spectrom-
stera; (i} In the case of spectrometers facilitatad tn
determine the sngulur rotation of the pratiog, it 19

*Tlee Llila State Unlwerdity, Colamlies, Dl
'Figaues L brackeds ipdlicnte the litcoaes rolerndees nd Lhe ¢od ofibis paper,

poasible to employ the grating equation
v=ni cousec 8,

n being the spectral order, K the grating constant
{axpressed in em~'), and # the sngle between the
cenlral pmage and the spectral line located at
r em~'. Observations on the purs rotationai lines
of CO, HCN, and N0 can lead to s value for the
gra.ting constant K This vulye for X can then be
usad in the subsequent messurements of the far
mirared lines. Ewidently, we should assvnme thet
the value for X does not change between the time
the standards (vis, OO, HCN, and N O are recordad
and the time when the anpular positions of the far
infrared lines are measored. sovernl repetitive
records are obtained, it is possible to minimize the
arrora arising from changss in the grating constant.
The accuracy of the measurements made with this
method depends on the acewraey with whichk the
angular rotations of the grating can be determined.
{iiy In commercial instruments, like the FPerkin-
Elmer model 201 far infrared spectrophotometer,
the recordad dath are considered to be linear in wave
number units. This 12 accomplished by using [2]a
“opgecant drive”™ for rotating the prating. “Pip"
marks are recorded periodically on the charct, It
has been our experience that, for a particular instal-
lation of the grating, the locations of these marks
with respect to far infraved spectra are reprodueibla
to sccoracies of about £0.03 cmn™! st 100, With
thesa limitatione in mind, it showid be possible to
calibrate these “pip” marks by makiog observations
on the pure rotationsl lines of the above sinpla
maolecules,  (1ii) A technique which bas been ex-
teneively employed in the near infrared spectral
régions condmsta in the simulteneouws observation
by use of double-pen recorders, of two beams o
radiation passing through the spectromater at tha
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same time [3, 4], One of two beama conaists of the
infrared spectra to be measured and the other
provides a wave nwnber acale to enable the deter-
mination of relative positions of the infrared epectral
fines. H it hecomes ible to inipress & wave
nuinber scule on the far infrared spectra, the absolate
positions of the scale can be determined by maki
use of the pure rotational lines of OO, N, an
HCN molegules. This technique of employing twe
beams of radiation may prove especially useful when
investigations are made with grating spectronietera
operating in a vacuum. The calibrating radiation
may consizt of higher orders of atomie bnes or higher
ordera of vibration rotation bands of simpla mole-
cules. Some of the atomic lines of mercury, helivm
and nepn have sufficieat intensity so that they can
be detected in orders above ooe ﬁundr&d. Fipure 1
shows s part of the higher orders of the 24 line of
holiump, ,,—458558 574 ¢m " and w,,—4857.5256 an?
froin the 85th to 110th orders as observed with
a 90 Lines per inch grating and o lead sulfide cell as
detecior. The slits of ?ﬁe gpectrometer should be
sufficiently narrow to rezolve the zpeetra of the
varigus orders shown in figure 1. 'We are emphasizing
this point hecanse the physical slits used in a far
infrared spectrometer are usually quite wide {of
the crder of a few mm} and therefore 1t may beeorna
necasgary to use an indepandent set of slits for pro-
guc.ing wave hurber markers like those shown In
sure 1.
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This method of calibration can be checked on an
etrument by vsing the higher orders of a definite
atomic ling for cgliﬁratinn and then measuring the
Fosmcms of tha higher ordars of other known atomic
inea.

The [easibaliy of employ m anl relation
between wavelengths ufp uﬁ ppint?r orders for
ahtaining spectral positions in the near infrared when
modern  pratings sre used has been discussed
adequately in previous publications [5, 8]. Since
the procedures em luyeﬁ for ruling far infrared
fratin may differ from the precise techniques used
or T near infrared gratings, it is importent to
ascertain the validity of the applicability of integral
rolation between averlapping orders when gratings
ruled for uge in far mfr&rag ara eraploved.

For the region from 200 to 400 em~' the pure
rotational sbsorption spectrum of distomic and
eitnple polyatomic moleeulss are ustally of low
intensity. Howewver, the pure rotational lines of
water vapor ate of sufficient intensity for this region.
The higher ordera of molecular baunds can be ob-
tained in this region and are useful. For instance,
the 7. absarption band of HON & well suited for this
purpasa sinea it has been praeisely measured [7] and
the band contains many rotationsl lines separated
by about 3 cin~t. Since s well resolved spectrum of
this band bas not been published, a irace of the
obaetved band ia ineluded in figure 2.
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3. Wave Numbers of the Pure Rotational
Spectrum of CO, HCN, and N.O

Employing the rotationsl constanta of the carbon
rmonoxide [R, D), hydrogen cyanide [10, 7}, and tha
nitrous oxida (11}, 11] malecules, tha positions of
their purs rotational spectra have been computed
independently at The (Ohio State University and
the Bureau of Standards. The results are summar-
ized in teble 1. The path len and pressures
necessary for the observation of these far infrared
apectra are fnrnished as footnoies to the table.
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4. Wave Numbers of the H/O Lines in the
Far Intrared

The pure retational specirum of water vapor
axtends froir 10 to 5000g, and may of the hnes ara

intensa from 25 to 400w, By selecting lines which
are not seriously overlupped, s number of calibrating
points ¢an be obtained. It was considered desirable
to provide n map of the pure rotationsl lines of the
H:) molecule with the wave numbers marked on
the gpectrum. Figure 3 shows such a map of the
water vapor lines a8 obtained with a Perkin-Elmer
model 301 far infrared spectrophotomater under the
conditions statad in the ennf for the fizure, The
:ﬁ-er.tml position of each of the lines is indizated on

e figure. These values have been derived by
Benedict [12] after analyzing all the available data
periaining to the vibration rotation and pure rota-
tional spectra of the HyO molecule. The internal
consiztancy of these data have been examined on the
spectra shown in figure 3. Table 2 summearizes the
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water vapor obtaimed with a small grating apec-
trometer m the region 800 t¢ 166 cm~' have been

ublished by Plvler et al. [13]. Also, the paper by
Ebsu et ul. [14] gives & map and measurements {(to
an apcuraey of 002 em~Y) of the pure rotational
linea of the H.0r molecule, in the regiom 550 to 270
em™! as obtained with & 1000 lines per inch Bauach
and Loinb plane replica grating instslled in & Pfungd-
type vacuum spectrometar.

One of us {KNR} wishea to express his deep grati-
tude to the 1.8, Army Resesrch Office {Durham,
N.C) and to the National Science Foundation for
their financial support through contrects with the
Ohin Btate Tniversity Resesgrch Foundation. Qur
thanks are slao due to Dr. W, 5, Benadict for supply-
ing ve with his analyvsie of the pressntly gvailable
date pertaining to the infrared rotational lines of
the H.O molecule,

(Paper 67A4~-225)
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