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In order to provide standards for the ealibration of smell grating epectrometers over

the roglon from 166 to E00 em—7, t.meh?s of the 3
tabulatar.

presented. The lined are ldentified an

trum of atmospherlc water vapor are
Wavenumbers obtained from energy

levels derived from the best svajlable high-resolution spectra are ghven, together with an
indieation of their relative reliability. The st linea are believed aceurate to +0.03 cm=!,

1. Introduction

The Commission on Molecular Sirueture and
Spectroscopy of the International Union of Pure and
Ag)p]ied Chemisiry has recently published [1F & scf
of provisional wavenumbers for the calihration of
infrared spectrometers. These tablea include the
spectral region from 600 to 4,000 em™. There are
now availahle commercial instruments which operate
to 200 ¢! and there is & need for calibrating
wavelengths in this region.  No doubt it will require
geveral years hefore completely adequate e.mnegabds
of high precision can be obtained for this region.
The purpose of this report is to present wavenumbers,
between 166 wod GO0 e~ utplinea of atmospheric
water vapor that may serve as preliivioary provi-
gional reference standards,

2, Method and Resnits

The rotational spectrum of Hy0 is very rich in
lines and extends from 0.74 cn™! o beyond 1,000
e~ Iis greatest intensity iz near 200 cm=%, such
that evacuation of the instrument or flvehing with a
dry inert gas is required. The appearanca of the
spactrum degenda upen the resolution of the spectrom-
eter and the r:.crngitions of path length, rclative
bumidity, temperature, and pressure,  These factors
also will affect the apparent wavelength of individual
geaks, most strungry when wesler lines oceur

lended with the line principally responsible for the
ahzorption, or when severa] components fall within
the slit width. The provisional standards presented
here are graded according to their invariance to
such changes in condition, and are to be considered
mosk celiable only for the reported conditions.

Theoretical analysis of the water-vapor specirum
2s obaarved with high resolutios, both in the regicn
of the pure rotation spectrum and the vibration-
rotation bands in the shorier infrared [2, 3, 4, 5, 6, 7]
hes led to & quite commplete interpretation of the
observed features, and t¢ the determination from the
spectra of energy levels of the ground vibrational

1 Preaent ard Johna Hopkins Unlveralty, Beltlmors, MM,
t Flgtres in meu indlrage the Lltarature refevences at the end of this paper,

state. From these levels positions of all fransitions
in the 166 to 800 cin~! region, including many weak
lines, may be calenlated. It is believed that the
pozitions thus calenlated are more religble than
obszervatione, since they depend upon the Riiz
combination priuciple and upon a smoothing process,
which averagss the errors of individusl messurements
and individual ohservations. Refersnces 2 to 7
descnbe the procedure in more detnil and provide
numeron: examples of how well the caleulated line
positions agree with observationa throughout the
spectium.

The present standards arc based on a new
sinoothen set of energy levels, which are in eclose
agreement with earlier sets such as those of reference
6. The changes ara based principally on new
measurements by Rao [8] in the regiona 2580 to 550
em™ and 1450 to 1,700 em™; by Tzatt [9] in the
region 450 to 690 e~ and in this laboratory from
1,580 to 2,200 cm™?, The levels and molecular
constants derived therefrom will be presented else-
where, A complete listing of all the pure rotaiion
lines, including weaker oncs with intensitics down to
10~ of the strongest has been prepared ; this contains
nearly 600 entries in the region covered here

Tuble 1 presents the recommended wavenumbers
of lines, which are illustreted and numbered in
igurez 1 to 3. The cotries are divided into three
classes. Class A, the most relinble, is reserved for
lines where a sinple transition or & very narrow
(005 em™') doublet, ie regponsible for more than 90
percent of the absorption within 1 em™ of the lina
conter. Class B lines are those where there are
gseveral minor components or wider but unresolved
doublets, or where the line falls close to neighboring
groups 80 that it is more dependent on conditions
of obgervation. Class ! lincs are blends of several
major components. It is believed that Class A
lines should be reliable to beiter than +0.03 em™;
clugs B to £01 em™; and class C to +£0.3 o™,

In the preparation of the illustrative figures, a
mmmarcia]I] infrared grating spectrotueter was uscd
from G00 to 225 em”?, ‘]‘%le instrument was used
single pass sod the source compartment and the cell
chamber were open to the air of the room, while
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Taste 1. F.0 lines as calibralion stendards, 800—157 em™' [ the remaining part of the spectrometer was well
dried. The effective slit wos 0.4 cin™', and the path
length was 56 cin. The temperature and relative

Line 1o L Line Mo | 2 LigaMe. | =, hwnidity are as specified in the captions. The
| earbon dioxide band iz included in figure 1 in order
1A 600 11 A 484, B8 EL B 0, B4 to yssist in the recognition of the water vapor lines.
24 I na e 2z 232 | The identifieation and the wavenumbers of the lines
14 S, T 4B 24 0s B A 7L of CO; are given in another publication (see ref. 1),
0.8 The region from 225 to 168 em™ was measured on
Ba g we g xE 0.8 | g small grating instrmment with 4 resclution of about
BA 599, 29 3 4 300, 07 =5 213’ 04 1L em™, and the path length was 65 em. )
wd ] 43 il 23 iy The abeorption of the weaker lines in this region
uE _ iA 4 _— mig | ¢80 be increased by the uee of & longer path length
e w7 8¢ w1 2 G BLa or a higher relative humidity. The rataticnsl lines
jri 5403 B A 378 50 5N 0. shown in figures 1, 2, and 3 are for identification
A £, 26 B 476, 28 o 4 2.1z | purposes only and the wavenumbers given in
55 S 5 B a75. 35 w B 21 87 tablo 1 are based on messurements of higher
B 2 B X 1
wh | srm | BB | bw | @c | s | resoluiion spectra.
B 516 83 5t B baz e B 3.4
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Frourm L. The atmoepheric abaorplion from 80 {0 450 el as observed on & small commercial grating insfrumendt wied single paes.

‘The path length wae M cm, the mlativa humidity #2 pereont, und the oo

numbering 83 in lable I below ao

B 88 °F.  Lites losleded 1o eable 1 aee marked; s few are ferther identfed Ly
by wavenuenbers above L spel .
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Yigore 2. The almespheric abeorption from S0 o 835 tm-t,

The eperinittta] mbditlos were the same s for Aguare 1.

= —— AESOAFTIon

i 10 H

WNERNER , ot
Fiovre 3. Atmespheric absorpifon from 225 {o 180 exl a3 obecrved on o amall grating spectremeler,

‘Tha path length was 85 am, the relative umidity 32 pecceot and the temopemtore 59 °F.,

{Paper 66A3-155)




