TOURNAL COF RESEARCH of the Molional Bureau of Standards—A. Physics and Chemistey B
¥el. 674, Ho. 3, May-June 1963

Absorption Bands of Carbon Dioxide®
From 5.3 to 4.6 Microns
Arthur G. Maki, Earle K. Plyler, and Robext ]. Thibault
(February 12, 1963}

Mersurements have been made of the freguencies of the infrared sbsorption Unes of
C1)yin the region from 135 em—~t 10 2150 em-L. Ohiervationg were made at variogs preaagres and

pathlengths up 10 o maximum of 72 meter-ntmoapheres.

Yibratisn-rotution eonstants wore

ohtained charaotorizing the transitions 111<0-000, 1120-000, 030000, 3140000, 20001 L,

1R b0y, 128014 for C120);.
alss messured.

1. Introduction

The infrarad apectrum ol CO; has been exhaus-
tively atudied by Courtoy who has cowpiled a
critical survey of the energy levels and vibration-
rotation constants for the various sotopic speeies of
1hat molecule [1, 2].°

The five micron region rontaing two weal ahsorp-
tion baude due to the transitions 02'0-000 and
11'0-000, These 1wo bands form u Fermi resonsent
diad and are rather important for determining the
best potential constants for €0y Migeolte, Neven,

= Bwenson, and Benedict huve reported previpus mous-

_ Lerma

uremenis on thia region [3], bat the resolution and
wavelength accuracy available at that time was not
%uit.e s wood ue thal now available in this lahoratory.

ecanse of slight disagreemsents between calculated
ahd observed values, it was felt that {hose meszure-
nenis should be repeated. In addition we have
heen able to resalve and analyvze two ¢ branches for
which the constante aeeni not to have been previeusly
reported. The intensities of these bands are of great
intereat and of particular intereat is the intensity
anoimaly which canwes the P hranch to be strong while
the & branch is weak, Sines this anomaly has
already been discusaed by Benedict in quantitative

J[':1], it will not be further discorssed hers,

"This rapearch wes 2 pparted In part by the 1.8, A1r Foroa Jesphydos He-
zowroty DMrectorate, B-ﬁrl&'d, M
¥ Figitrea o bepckatd indionle tha Jiteralure references at the snd af this paper.

The LI1U0-006] band due to the G molesyle was

2. Experimental Procedure

The spectrs were measured on the NBS high
resolution infrared spectromneter described elzewhere
[5]. Mersurements wore made using one of two
%‘rﬂ,tings and a liguid nitrogen cooled Phie detector.

he highest resolution was oblwined by using a2
1,560 lincs/in. grating double passed in third order,
With this grating measurements wera interpolated
from & wavelenpth scale provided by measnrements
on o 7,50 linesfin. grating. Only lines that were
nof resolved with the finer grating were measuvred
with the 1,860 lines/in. grating. ost of the meas-
uremants reported here were obtained direetly from
measuremnents with o 7,500 lines/in. grating veed in
the Gret order and double pessed.  Calibration with
this grating waa carried out by means of accurately
nmeasured rarve pag spectra with a Fabry-Perot inter-
ferpmetpr fringe system superimposed on the spectra
ot interpolation aa deacribed in reference 6.

Tha majority of the measurements were made with
u pathlength of 24 m and pressures up to 1 atm,
Presaures up to 3 atmn wera used in trying to oheerve
lines due to the wealer tranaitions, but the increased
pressure broadening of the lines vaunally resultad in a
raduced sengitivity to the wesker linea.  To achieve
tha highest resolution of the strong @ bronches s 4 m
path was tsed thus decreasing reflection losses in tha
absorption cell.
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3. Analysiz and Results

3.1. Analysis

Except for the @ branches the spectra were all
analyzed using a least squares computer program to
fit the observed frequencies 10 the power series

pape = ok (B +-B' Y4 {B'— B ym?
— (D' Dy — (D — Dy

where the symbola have their ususl meaning. The
£ branch lines were fitted fo the equation

vo=ry+ (B — B WHT 1) — (I — D PRI+ 12

The caleulated and observed constants are tabulated
in tabla 1. 'Where no observed constants are given,
the data were insufficient o obiain those constanis
and the caleulsted values wore used in the band
anslym=,  Since it was felt that Courtoy’s values for
B’ and I’ were more accurate than value= obtain-
able from these measurements, Courtay's values, ae
given in reference 2, wara used to determine the other
conatants for all the bands reported here,

The calenlated values of B’ are those given by
Courtoy [2] with the incorporation of u correction
term due to the Coriolis interaction discovered hy
Courtoy and explained by Andrads e Silva and Amat
[7)]. The correction to B’ terms wae made in the
manner deseribed by Courtoy and Trisilie [5].  This
eorrection was quite small for these energy levels, the
],Ergeat correction being about —1.4%107% em™! for
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The equations given by Nielsen, Amat, and Gold-
smith [9, 19] were uzed to determine the approximaie
{-type Tescnance and Fermi resonance corractions
necessary for the centrifugal distortion tarms (2,).
No attempt was made to include the effeet of an
additional .J{.74-1) dependence in the Fermi reso-
nanee matrix element which has recently been pre-
dicted by Maes [L1]. Since the caleulated valoes of
Al ure probubly ar good as the measored values, the
calenlated values of AD were used in determinin
the finel values of AF. In those cases where a value o
AL was experimentally determinabla, both observed
and calculsted ALYs gave nearly the same Af's.

In table 1 the standard dovigtions are given for
the various constants. These deviations wera de-
termined solely by the scatter of the data and do
wod reflect possible abeolule errors,

Table 2 and 3 list the observed and ealeulated
frecEmnciqa {(wavenuwmbers) for the absorpiion lines
in the various bands. Where comperison is possible,
the observed waveanumbers given in table 2 and 3
generally apree with thoge listed in reference 3 o
within a tenth of & wavenumber {cm—). Kor the
least squares computations line measurementa to
three decimel places were veed. PBecause of the
doubtful significance of the third decimal plarce, the
wavenwnbers given in tables 2 and 2 have been
rounded off to two decimal places.
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Band constants for OOy abeorption bardz hetween 1800 and 2LAG cm—t
Al veloes sre glven n wevenumbers {eo1-'). The errar Umits given sre stendard deviatlons and do vt refent pasalhle smsldtenl ctmas which will affect (ha absolots waluss, Caloulnbsd valoes were ablained
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TanLe 2, Wewernumbers (om™) of weak absorption bunds due fo C30q and G130y in & micron wavelength region
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3.2. C*0D, Band at 2037 cm ™!

The band dus te the 11750030 transition of CPy
wis meazared at 2037.09 em™.. Thiz band is part
of a Fermi doublet of which the other band lies
at about 1806.54 cm™. The othet band was not
detectod in this werk even at the highest pres-
surez and pathiengtbs ueed. It is expected to he
considarebly weaker than the 1190000 band due in

ait to the diminished Fermi resonance in ORO,,

onzequently, it wili probably be necessary to use
izotopicly eoriched samplea before this 034000
transition will be measarable. The ) branch for
the 11'0 band of CY( was not resolved in this work.
This ia understandable since the AR term, which
governs the ¢ branch line spacing, is predicied to he
rather small and relatively larpe pressures were
neceaaatry to observe thiz weak band. Furthenuore,
this € branch ia overlapped by the P branch of the
much stronger €0, band,

Tabls 1 gives a comparison of the caleulated and
observed wvalues of the varioue vibration-rotetion
constants neceseary to deseribe this band. The dis-
crepancies in y, and B* are believed to be greater
than the experimentsl error and are consequently
indicative of eithar a very emall arror in Courtoy's
constants or the neglect of zome terms in the poten-
tiel expansion. Such errors are not unexpected for
(%0, as Courtoy did not have a surfeit of data from
which to derive his constants. Table 2 lists the
line= mensured and the values calpulated wsing the
consiants given in teble 1.

3.3. CO, Banda Between 1900 and 2150 em™?

The strongest ¢k absorption bands in the 5p

ion are those due to the Fermni doublet 03'0-000
and 11'0-000. For these transitions a rather large
aarmber of lines heve been mansured In the P and 2
branches and the § hranchea were sufficiently well
resolved 1o yield good values for AB.

Two more bands due to the transitions 200-0170
and 1290-01'0 have been rmeasured in this region.
The latter band & eplit into ¢ and 4 components.
When treated individuzlly the two components
yield values B3 which should be aqual and in fact
are found to be the same to within f3(107% com™),
Such agreemnent indicates that the standerd dewia-
tions quotad are realistic. The values reporied in
tabla 1 for the 120—010 bands were obtained by
assuming that the ¢ and 4 components of tha upper
vibrational level had the samne vibrational epercy
{hand center) end B, values.

Similarly the analysis of the ¢ and  components
of each of the two Fermi doublet bands 3.2 and » -
wag cartied out simultaneously se as to yiald the
the same velues for the band centers of the ¢ and d
componenta. .

& Lnportant constants v and AE for the Fermi
doublet are in slight dizsgreement with the valuea
predicted by Courtoy’s constants. At least in the
case of v -+1; this discrepaney i= preator than experi+
mental error.  The band centers for the other b&qu
in this region are in even greater disagreement with
the caleulated values.




Tave 3. Strongest Ty abserption bands betuween [.8 ond 5.8 microny

L|ne mrasucsneants aee e e mvire of Watveheberg 33 ]

- H-HHp

1UDH0 ; 113NN

Fry

3%

LN

222




e

Ne attempt has been made to reevaluate the
various vibration-rotation constants in order to
obtain n better fit with the data presented here.
Buch a task would be & major undertaking and Cour-
toy hea indicated [8] that sech work e in progress
elsewhere. The fact that both ¢ and d components
of the two resonating dinds have heen resolved does
allow one to make a girect evaluntion of same combi-
nations of constants,

For n resonance diad the suvm of the Edﬂu'b].i.ng
tarms {4, for the two resoneting ener?r levels 18
conetant and independent of the degree of resonance,
From table 1 one finds g gulp=158.8 %10
em*t,  Correcting for the interaction between the ¢
levels and v thiz hecomes 1879 10°% em™.

Singe =2{e 17 [go— @t — gutn— quts]
and fra=0110""=g—1qy
then 211'u+ﬂua1n='153Xlu_ﬁ_‘igz_‘ﬂ'l-

This gives dg+q,= —4.9>/10° em~". Similerly tha
sum of aB; " e and ABgy o ¥ields —o—doed-
T -+ 1“ng+"fu+2‘f“ =16219 pd 1072 em Y when the Cor-
1olig resonunce correction 1= made. This compures
very favorably with the value of 164.5<10~F cm™!
caleulated using the constants given on page 125 of
reference 2. 11 is difficult to tell whether the dif-
ference of 14 107 emn™! is sipgnificant.

The rather large deviations from the predicted

ositions of some of the band centers which has been
ound in this work and that of Plyler, Tidwell, and
Benedict [12] muy be due, at Jeast in part, to the
neglect of the constants &y, sy, snd 7oy 1n the vibra-
tional energy expansion. ﬁ‘he&a conetants are neces-
sary for N0 [13] and have recently been found to ba
important for the vibrational anslys=ia of HCN [14)
and DCN,
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