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In order to provide standa rds for t.he calibration of small g rating spectrometers over 
t h e region from 166 to 600 crn - I , tracings of t hc spcctrum of atmosphcric water vapor a re 
prese nted. The lines are identifi ed a nd tabu lated. vVave nu11lbers ob tain ed from energy 
levels derived from t he best available hig ll-resolu tio n spectra are given, together wi th a n 
indication of t heir relative reli abili ty. The best lines a re believed acc urate to :±: 0.03 em- i. 

1. Introduction 

The Commission on r.10leculitr Stl'ucLme and 
Spectroscopy of t be International Union of Pure a nd 
Appli ed Chemistry has r ecently published [IF a set 
of provisional wavenumbers 1'01' the calibration of 

," ini'rar ed spectrom etcrs. Tliese tables include the 
spectrall'egion fro m 600 to 4 ,000 cm- 1. TJl ere m e 
now aVH,ilable co mmercial instmll1ents l\Thich operate 
to 200 ell1 - 1 H nd t il ere is a need for calibrati ng 
wavelengths in this r cgion . No doubt it will r equire 
several years bcf'ore completely adequate s L~1.ndflrds 
of high prccision can be obtained Jor this reg ion. 

~ Th e pu l'pose of t il is rcport is to present wavenuill bel'S, 
\ b etween 166 }wd 600 cm- l , of lin es of atmospheri c 

waLer vapor that may serve as prclim.inary provi­
sioJlalrcference sLandnrds. 

state. From these levels positions of all transitions 
in th e 166 to 600 cm - 1 region , including many weak 
lines, m ay b e calcuhted . It is believed that the 
positions thus calculated are more reliable than 
observations, since th ey depend upon th e Ritz 
combination principle and upon a smoothin g process, 
which averages the errOl'S o( individual measurements 
,Llld individual observations. References 2 to 7 
describe the procedure in more detail }wd provid e 
nu merou s examples of holV well the calculated lin e 
position ag ree with obSf' rV,ll ioll throughouL the 
spectl'llll1 . 

The prescnt standard s are b}lsed on a new 
s illoothed set of energ." le lrd s, whi ch ,ue in close 
,1greclllenL with earlier seLs such as those o( reference 
6. The changes are based principall." on ll ew 
Ill easurements by H eW [8] in Lhe region 280 to 550 
cm- 1 and 1,450 to 1,700 CI11- I ; by Izatt [9] in the 
region 450 to 690 cm - 1; and in th is laboratolY from 
1,5 0 to 2,200 cm - I . The levels and molecular 
C'onstn,nLs derived therefrom will be presen ted else­
where. A cO lnplete listin g o[ all the pure rotation 
lines, includin g weaker on es with intensities down to 
10- 5 of th e strongest has b een prepared; this contains 
nearly 600 entries in the region covered hC1'e. 
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2. Method and Results 

The rotational spectrum of H 20 is very rich in 
lines and extends from 0.74 CI11- 1 to bey ond 1,000 
cm- l . Its gr ea t est intensity is near 200 cm- \ s uch 
that' evacuation of the instrument or flushing with a 
dry inert gas is required. The appearance of t he 
spectrum depends upon the resolution of the sp ectrom­
eter and the conditions of path length, rolati ve 
humidity, temperature, and press m e. These factors 
also will affect the apparent wavelength of individual 
peaks, most strongly when ·weaker lines occw· 
blended with th 0 line principally responsible for the 
absorption, or when several components fall within 
the slit width. The provisio nal standards presented 
here are graded according t.o their invarianco to 
such ehanges in condition, and are to be considered 
most reliable only for th e r eported conditions. 

Theoretical analysis of the water-vapor spectrum 
as observed with high re olution, both in th e region 
of the pure rotation spectrwl1 and the vibratioD­
rotation bands in the shorter infrared [2, 3, 4,5,6, 7] 
has led to a quite complete interpretation of the 
observed features, and to th e determination from the 
spectra of energy levels of the ground vibrational 

1 Preson t address, Jolms ·1 [opkins Un iversity, Baltimore, M d. 
' Figures in brackets ind icate the literature references at the end of tll is paper. 
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Table 1 presents the recommended wavenumbers 
of lines, which are illustrated and numbered in 
:figures 1 to 3. The entries are divid ed into three 
classes. Class A, the most r eliable, is reserved for 
lines where a single transi tion 01' a very n arrow 
(0.05 em- I) doublet, is responsible for more th an 90 
percent of the absorption within 1 cm- l of' the line 
center. Class B lin es are those where th ere are 
several minor components or wider but unresolved 
doublets, or where the line falls close to neighboring 
groups so that it is more dependen t on conditions 
of observation . Class C lines are blends of sevcrl.ll 
major components. It is believed that Class A 
lines should b e reliable to better than ± 0.03 cm- I ; 

class B to ± 0.1 cm- 1; and class C to ± 0.3 em-I. 
In the prep aration of t.he illustrative :figmes, n. 

commercial infrared gratin g spectrometer was used 
from 600 to 225 cnc l . The instrument was used 
single pn.ss and the source compartment and th e cell 
ch amber were open to the air o( the room, whi le 



TABLE 1. H 20 lines as calibration standards, 600- 157 cm- I the remammg part of the spectrometer was well 

Lin e No. v Lino No . v 
and class cm- i and class cm- i 

lA 600.11 41 A 434.83 
2A 594.96 42 A 431.16 
3B 591. 85 43 B 425.34 
4A 584. 74 44 B 423.04 
5C 580. 8 45 B 419.86 

6A 576.14 46 C 418.5 
7A 571. 31 47 B 400.38 
8A 569.28 48 A 398.97 
9A 567.23 49 B 397.48 

10 A 554.63 50B 396. 45 

llB 550.00 51 A 394.24 
12 B 547.86 52 C 385.1 
13 B 546.32 53 A 383.83 
l4B 545.30 54A 378.56 
15 A 536.26 55 B 376.23 

16 B 525.98 56 B 375.35 
17 A 519.60 57 B 374.54 
18 B 517.79 58 B 369.96 
19 B 5J6.82 59 B 362. 76 
20 B 510.47 60 A 358.50 

21 A 506.93 61 A 357.29 
22 B 504.4 1 62 B 354.38 
23 B 502.27 63 B 351. 86 
24 A 494. 19 64 A 349.79 
25 C 492.0 65 B 345.85 

26 A 486.14 66 A 343.21 
27 A 483.98 67 A 340. 55 
28 A 481. 04 68 B 335.16 
29 A 476.39 69 C 327.6 
30 C 472.5 70 B 323.80 

31 A 470.49 7lB 315.03 
32 B 468.76 72A 31 1. i2 
33 B 467.96 73 A 309. 51 
34 A 461.44 74 C 303.0 
35 C 457.8 75 A 298.40 

36 A 452.87 76 B 290.74 
37 B 446.80 77 A 289.46 
38 A 443.71 78 B 285.04 
39 B 441. 96 79 B 284.61 
40 A 436.46 80 B 282 25 

Lin e No. v 
and class cm- l 

81 B 280.34 
82 B 278.32 
83 B 276. 15 
84 A 271. 85 
85 B 266.21 

86 B 263.26 
87 B 257.03 
88 B 253.96 
89 B 247.94 
90 C 245.3 

91 A 233.34 
92 C 231. 4 
93 B 227.83 
94 B 226.27 
95 A 223. 72 

96 B 221. 67 
97 B 216.79 
98 C 214.6 
99 B 213.95 

100 B 212.61 

lOlA 208.46 
102 C 202.7 
103 C 200.4 
104 B 197.50 
105 A 195.86 

106 B 194.37 
107 B 193.45 
108 A 188.21 
109 A 183.46 
110 A 181. 40 

111 C 179. 0 
112 A 177.55 
1I3B 176.05 
114 B 173.45 
115 B 170.37 

116 C 166.6 
117 A 161. 79 
118 A 160.20 
119B 158.89 
120 B 157.82 

dried. The effective slit was 0.4 cm-I, and the path 
length was 56 cm. The temperature and relative "i 

humidity are as specified in the cap tions. The 
carbon dioxide band is included in figure 1 in order ~ 
to assist in the recognition of the water vapor lin es. 
The identification and the wavenumbers of the lines ,.; 
of CO2 are given in anoth er publication (see ref. 1). 

The region from 225 to 166 cm- I was measured on 
a small grating instrument with a resolution of about 
1 cm- l , and the path length was 65 cm. 

The absorption of the weaker lines in this region 
can be increased by the use of a longer path length 
or a higher relative humidity. The rotational lines 
shown in figures I , 2, and 3 are for identification 
purposes only and the wavenumbers given in 
table 1 are based on measurements of higher 
resolution spectra. 
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FIG URE 1. The atmospheric absorption from 680 to 450 em-I as observed on a small commercial gmting instrument used single pass. 

The path length was 56 em, the relative humidity 32 p ercent. and the temperature 68 OF. Lines included in tahle 1 aTe m a rked ; a few are further identified by 
numbering as in table 1 below and by wavenumbers above t he spectrum. 
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FJGURE 2. The atmospheric absorption /1'0'111 500 to 225 em-I. 

'rhe experi menta l co nditions were the same as ror Ogurc I. 
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} ' l G L-R I, 3. Atmospheric c!bsorption from 225 to 160 em- I as observed on a smail grating spectrometer. 

'l' hc path length was 65 em, the relative humidity 32 pcrccnt and the tcmperature 68 of. 

(Paper 66A3- 155) 
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