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Abstract

5	 a :	 An atlas of CO 2 lines between 800 and 5,500 cm- 1 obtained from
'`	 #	 long-path-length samples at 296 K is 'presented. Many of the line

F it	 centers are marked and their positions tabulated.
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Introduction

Previous atlases in this series ( l, 2) have shown spectra of

	

?z	 low-pressure, long-path-length samples of N 20 and 03 from about 800
to beyond 5,000 cm- 1 . The path lengths and absorbing gas pressures
of these samples were chosen so that the weakest line of these gases
which would be seen in extremely long atmospheric paths would also
appear in these laboratory spectra.

The vertical column amount of CO2 in the atmosphere is about 2.6
atm-m. This is one thousand times larger than the corresponding
amounts of Og and N20 and path lengths of several hundred kilometers

	

[`¢	 would be required to ,provide CO2 spectra comparable to those of the
previous atlases. S^sice-this is not possible, the required large CO2
absorber amounts can only be obtained by increasing the sample pressure.
This pressure must be - chosen to allow sufficient CO2 in the path for the
weakest CO2 lines to be seen in spectra of 0.05 cm- 1 resolution and yet
be sufficiently low to minimize lute broadening and blending.

In this atlas, the spectrum of a sample of 177 tom CO at 296 K in
a path length of 476 m, taken with an InSb detector from 1,100 to 5, 500
cm- 1 is shown. The corresponding spectrum of this sample at lower

	

C	 frequencies, obtained with a HgCdTe detector is not. available. Instead,

a spectrum of a sample containing 177 tom CO2 and 50 torn N2 at 296
k K in a 476 m path is shown from 800 to 1,900 cm- 1 . The total amount

Of CO2 in these paths is 110 atm-m. This is equivalent to the amount
Of CO2 in about 40 air masses. Although the extreme atmospheric path
is about 80 air masses, all but the weakest CO 2 lines, expected to be
seen in atmospheric spectra, should be visible in this atlas, except
when they are hidden by overlappi ng, stronger CO 2 lines:

a

	

r ` 	Because of the large CO2 amounts and the high sample pressures
the spectral regions 2,220 -2,430, 3,500-3,760, 4,940-5,000, and 5,080-
5,120 cm-1 are completely opaque. As shown in the tabulation by
Rothman and Young (3) these regions contain both strong ,bands and
large numbers of weaker bands. These tabulations are based on the
results of many groups since the spectrum of CO ` has been extensively
studied. Many ofthe features in these opaque regions of the atlas
have been described elsewhere,

QRECEDINQ PAGE 'BLANK, NOT FILMED

	

t 	
3



x

Y

i

This atlas was prepared by the previously described methods (1, 2)
The spectra were obtained by using boxcar apodizaton to maximize the
spectral resolution. unlike the previous spectra there is little
evidence of "ringing" in the wings of the lines primarily because the
line widths are greater than the resolution. Both spectra show line
asymmetry and baseline drifts in regions of strong absorption. This
Is evidence of Incomplete phase correction and is partly caused by
the extended opaque regions in the spectra. As in previous spectra,
the appearance has been improved by smoothing and interpolation.

Most of the observed absorption is due to COV There are some
lines of CH4 belonging to the strong bands centered near 1,305 and
3,015 cm- 1 . The CH4 is believed to be an Impurity in the CO 2 . Lines
of water vapor present in the box enclosing the Nicolet Fourier
Transform Spectrometer are also present near 1,600, 3,200, 3,900
and 5,400 cur l . The positions of isolated H2O litres with peak `.
absorptances between 10 and 90% in the InSb spectrum were compared
with the line positions given by Camy-Peyret and Flaud (4) and
Pugh (5). These differences were used to calibrate the InSb spectrum.
After calibration, the H 2O line positions given in this atlas were
compared with the standards and the results are shown In Table l• The
typical differences In the positions of individual lines varied from
about 0.005 cm- 1 at 1,900 cm'l to 0.01 0 cm- 1 at 5,300 cm- 1 . This
increase is due in part to the decreasing signal to noise ratio at

rti	 higher frequencies. -

The HgCdTe spectrum was then calibrated with respect to the InSb
spectrum. Although only a portion of the HgCdTe spectrum is shown 	 1
In this atlas it extends to beyond 5,000 cm-l.

After calibration of the HgCdTe the differences between the
positions of lines in this spectrum and the InSb spectrum were
compared in several spectral regions. The results are shown In

'	 Table II. The increase in the standard deviation of the mean
difference with increasing frequency is caused primarily by thex	
decreasing signal to noise ratio in both spectra. At low frequencies<
the standard deviation of the mean differences reflects in part the

' x	 greater consistency obtained when two spectra taken on the same

F
instrument are compared,

^' I

I

1

Atlas Description
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Table 1.	 The mean differences between the positions
of isolated narrow H 2O lines in the InSb
spectrum shown in this atlas and the

` positions given by Camy-Peyret and Flaud
and by Pugh.

Mean difference- Standard

z Spectral Source of	 No. of in Position Deviation
Region H2O	 line	 lines Atlas-Standard of the mean

E (cm' s ) Positions	 measured (cm-1) (cm's)

I 1800-2000 a	 14 0.0014 G.00I4
I	 `'

3000-3400 b	 40 +0.0001 0.0012
9

3800-4050 b	 57 +0:0012 0.0011

5200-5500 b	 67 -0.0014 0.0012

a	 Camy-Peyret and Flaud (Ref 4)'

b	 Pugh (Ref 5)
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a
Table H. The mean differences between the positions

of lines In the InSb and HgCdT4 spectra
t after calibration of both spectra.

Standard
Spectral No	 of	 Mean 	 Deviation	 1

Region lines	 differences	 of mean difference
(cm-1) compared	 (cm-1)	 (cm-1)

^,-
1900 29	 -o.0004	 0.0002

2575 106	 -0.0003	 0.0002

f 3200 52	 +0.0003	 0.0004

f 3350 57	 +0.0009-	 0.0004

4630 46	 +0. 0058	 0. 001 0

5300 36	 +o.o046	 0.0013
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,
S,OwS

cD O V. ... ^p Ò, ^̂ /
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ê̂^
//

f̂̂
te

â
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