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Absorption Spectrum of Water Vapor Between 
4.5 and 13 Microns 1 

W. S. Benedict/ H. H. Claassen/ and 1. H. Shaw 4 

The absorption spectrum of water val~or has beenrneas ~ll'ed from '1.5 to l~ microns w! th 
a 3,600 lin~ per inch replica echelette grat ing as t he disperSin g. eleme nt. Varrous absorblOg 
path lengtns and concentrations of water vapor at atmosphe rIC pressure were used up to 8 
meters of steam near noD C. Almost all of the previous ly un reported lines that have been 
found are also present in the solar spectrum. ~ .ro tationa l ana l.ys is shows that JTlO~t. of the 
lines can bo assigned eit her to rotatIOnal t ranSitIOns or to rotation-vibratIO n tranSItIOns of 
t he " 2 fundam enta l of the water-vapor molec ule . In addition, a few lines have a lso been 
ass igned to the t ransitions (2"2- "2) , ("1- "2), a nd . ("3-"2)' 

1. Introduction 

InvestiO'ations of the infrared spectrum of sunligh t 
between 7 and 13 f.L have shown that essentially 
all th e structure is due 1,0 a bsorptioll by polY'atomic 
gases that arc in th e earth's 1l,Lmosphere. IJ~ a~ldi
tion to the known bands of ozone, carbon dLOx, de, 
water vapor, nitrous oxidc, and m ethane that have 
been identified in this region, Ulere is also a large 
number of inegularly spaced absorption lines. 

ome of these lines arc very strong. In solar spectra 
t aken at Columbus, it has bern observed that most 
of th eir intensities are dependent on th e amount of 
water vapor in th e atmosph erc. One of us (\iV.S.B. ) 
h ad previously found tha t many of these lines ob
served in the grating map of the solar spectrum 
publish ed by Adel [1]5 could be prcdicLed from the 
known en ergy levels of th e water-vapor molecule. 
T o ob tain a positive ident.ification of these lines, 
it was though t desira ble to observe them in a 
laboratory spectrum. If these linrs ar e du e to 
water vapor, most of them mu st originate from the 
higher 1'0 tational energ.\- levels of th e molecule, 
which have a low population at )'oom temperature. 
'fhus, in order to observe them in Lhe laboratory, 
an absorbing layer giving an optical path length 
approaching tha t of the watc]' vapor in the atmos
phere is required . In th is wor k: a long path length 
was obtained by using a multiple-reflecLlOn cell 
similar to that described b,- J. U. vVh ite [2]. From 
this laboratory spectrum ' it has bcen possible to 
iden tify m any lines in th e solar spectrum with watel'
vapor lines and also to evalua~e ro tational ene~'gy 
levels of the V 2 band and of the pure-rotatIOn 
banel, which are in good a,gl'ecJllcnL with levels 
derived from other observations. 

2 . Apparatus and Experimental Procedure 

The absorption cell used in Lhis investigation is 
shown schenla tically in figmc 1 . It consists of a 
large cas t-aluminum tank wound with heating coils 

I The research reported in this paper was SUI)!Jortcd in part by the 0 ;-;'R, and 
in part by contract AF 19 (122)-65 between the U. S. Air Force a nd the Ob io 
State Un iversity Researcb Foundation through sponsorsh, p of the GeophYSICS 
Research D ivision of the U. S. Air Force Cambridge Research Center. 

2 Prescn t address, 'I' be Johns Hopk ins UniverSity, Baltimore, Md . 
3 D epartment or Physics, Universi ty of Oklahoma, Norman, OkJu. 
• The Ohio State Univers ity, Col umbus, Ohio . . . 
, Figures i'l brackets indi cate the literature references at the end of th ,s paper. 
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and covercd with a law'r of asb estos for insulation. 
One end is held in plilcc by bolts and can be com
pletely removcd for adjusting the optical system. 
Tbl'ee spherical mirrors, each of 100-cm radiu of 
curva ture, arc uscd i.n th c optical system . Mirror 
M s is fixed , but an exLernal control i provided for 
varying the inclination of the optic axes of mirrors 
~11 and },d2• By means of thi adj usLmenL Lh e paLh 
length of radiation passing Llu'ough th e cell can be 
changcd in steps of 4 m . F igm e I b ow the arrange
ment for a path length of 8 m. 

Rocksalt windows could not b e u cd in Lhi imTes
tigation, and it was found that sil ve r-cbloride wi;o
dows reduced the energy very conSIderably. Satl " 
factory r esults wcro obLained by placing the Nemst 
filament, used as a sourcc , inside th e cell ncar mirror 
M 3 and leaving the exit window open. Radiation 
was reflccted ouL of Lhe cd l lW cl tlu'ough Lhis window 
bv a small plane mi rror. 

. Before introducing the Learn , the cell was heated 
to 110° C to prcvent condensation on th e mirrors. 
T he cell was fi lled wjLh sLeam by di placemenl. 
W11cn nmning spectr a, a continuous s Lream of vapor 
from a gently boiling flask of eli tilled .wat?r entered 
at one end and escaped thl'ough the eXlt wlOdow. 

For mapping r egions of high absorption, ai l' was 
aHowed to enter th e cell until a suitable concentration 
of water vapor was obtained. Neal' th e cenLer of 
the Pz fundamental the atmosph eric ,vater vapor in 
the spectrometer alone was suffi cient to produce 
verv intense absorptions. The region from 5.7 to 
6,i f.L has been p reviously mapped by H . H. Nielsen 
[3] with very h igh resolution and with small amounts 
of water vapor. The present workers were unable 
to impro \Te upon these rcsults, and tllis region h as not 
been remeasureci. In Lhe solar specLrum no energy 
is observed between 5.5 and 7 .5 f.L aL Columbus 
during most of the year. 

'fhe spectrom cter with which t l:ese measuremen~s 
were made has alr eady been descl'lbed [4]. For thIS 
work a 3,600 l ine/in replica echelette grating (width 
5.5 in. , h eigh t 3.5 in.) was used, tog.e~h~r with a 
P erkin-Elmer th ermocouple (rated ensItlvlty 8 v /w) 
detector and th eir 13 cis chopping system and 
amplifier. All spectra were recorded in th e first 
order of the grating. Portions of th e spectrum at 
shor t wavelengths were also scanned in th e second 
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FIGURE 1. ~M ulti ple reflection cell. 

order but no improvement in the resolution was 
found. 

After th e spectrum of th e 8-m path of water vapor 
had been obtained, the entire region was scanned 
by using the atmospheric path in the spectrometer 
alone. In this background spectrum, a line was 
found at 791 cm - t, whi ch agrees in position with 
the Q-branch of a band of carbon dioxide. It is 
very weak in the laboratory spectrum and is prob
ably caused by the carbon dioxide in th e air path 
of the spectrometer. 

To obtain the spectrum, small portions, COlTe
sponding to the ro tation through 1 deg of the grating 
circle, were scanned. The l'ocksalt forepri sm was 
adjusted for maximum energy in the middle of each 
degree, which was then run at least twice in each 
direction. Fiduciary marks were made on the chart 
paper by a mechanical trigger device operated by 
an observer viewing co incidences of the grating circle 
markings with a graduated scale in the eyepiece of 
a microscope. The" central image" corresponding 
to the position of the grating for zero-order diffraction 
was measured during each day's work, in both di
rections. It was found to vary a few seconds of 
arc from day to day. 

Frequencies were calculated by using the formula 

v= nR/sin 0, 

where n is the spectral order, jJ the frequency, K is 
a constant, and 0 is the angular displacement from 
the ccntral image. K was determined from measure
ments of the 0.546073-, 0.576960-, and 0.579066-J..L 
mercury lines in the orders from 10 to 16 using a 
low-pressure (H-2) mercury arc as a source and 
a 931A photomultiplier tube as detector. These 
measurements gave an average value for K of 
722.506 ± 0. 025 cm- I . 

The four or more frequ ency measurements obtained 
for each line, including scannings in both directions, 
were averaged. These frequencies were then cor
rected to vacuum by assuming the laboratory air had 
an average refractive index of 1.0002565, correspond
ing to a barometric pressure of about 740 mm Hg 
and a temperature of 25 0 C . 

3. Results 

A map of the water-vapor spectrum from 4.5 to 
13 J..L is shown in figures 2 to 6, with the exception of 

a short interval from 5.7 to 6.6 J..L, where water-vapor 
absorption is very intense. To reach the longest 
wavelengths, th e grating h ad to be used at extreme 
angles to the inciden t radiation, and very li ttle energy 
was obtained even with the wides t slits permissible. 
This accounts for th e small deflection shown in 
figure 2 beyond 12 IJ.. As short portions of the 
spectrum were run individually, the total energy 
varied sligh tly, giving the segments shown in the 
figures . The approximate amounts of water vapor 
in the path for each region 3j.'e given in the captions 
of the figures, as well as the tempera ture of the cell 
or spectrometer. It should be noted that when a 
temperature of 1100 C is indicated, this refers to th e 
temperature of the absorption cell. There was 
always some water vapor in the spectrograph at 
about 25 0 C, also contributing to the absorption. 
This contribution is quite negligible when the cell 
contains steam at atmospheric pressure. The r egions 
near the center of the 6.3 -J..L band were run with only 
the air path in the spectrometer. Although spectr:a 
were recorded on a cold, dry day in February, many 
lines were s till more intense than was desired. 

The effective slit widths u sed varied from 0.22 
em - I at 13 IJ. to 0.83 cm - 1 at 5 J..L. These slit widths 
were approximately the sam e as those used in the 
investigation of the solar spectrum. Under these 
conditions the lines in th e laboratory spectrum were 
wider than corresponding lines in the solar spectrum. 
Consequently, some lines clearly separated in the 
solar spectrum are blended in the laboratory spec
t rum. The increased line width observed in Lhe 
spectrum of steam is caused both by the higher 
t emperature and the much higher concentration of 
water vapor, giving a marked self pressure broaden
ing effect. Approximately the same deflections 
were obtained in windows between absorption lines 
whether the cell was full of s team or air, indicating 
that there was little continuous absorption by water 
vapor in th ese windows. Thus the wings of water
vapor lines lying outside the region investigated 
played an insignificant part in the absorption 
observed. 

The lines have been numbered in order of increas
ing frequency in the figures as an aid to their identi
fication in table 1. The line number is gi ven in the 
first column of this table and the observed frequency , 
corrected to vacuum, in the second. 
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It is belielTed that the absolute values for the 
frequencies of well-defined lines are correct to better 
than 0.2 cm - 1 at short wavelengths and to 0.1 cm- 1 

elsewhere. Most line fr equencies have b een given 
to 0.01 cm - I, but some of the very weak lines that 
are difficult to measure accurately are listed to the 
nearest 0.1 cm- I . A number of absorptions can be 
seen to consist of more than one line, and h ere the 
frequency of the position of the maximum absorption 
is lis ted to the nearest 0.1 em-I . Scattered radiation 
did not amount to more than 10 percent of the total 
deflec tion anywhere in the region measured and 
would not give rise to any spurious lines. 

'When the solar spectrum is compared with the 
laboratory spectrum, it is found that the relative 
intensities of some of the lines are verJ different. 



This is lo be expected because the amount of water 
\rapor in lhe atmospheric path Lraversed b:\T th e solar 
radiatio n varies between 1,000 to 10,000 atm-cm 
and is at an a \rerage temperature of abou t 14 ° C, 
wh ereas the laboratory path was only 800 atm-cm 
bu t at a temperature of UO o C. T h e h igh er tem
peraLure of the laboraLory sample gave intensiLies 
comparable with those in the solar spectrum to lines 
that originate fr om high er en ergy levels. H owever, 
lin es arising from low-energy levels ar e little affeeted 
by th e change in temperature from 14° to UO ° C, 
and Lh ese lines were very weak or completely absent 
from the laboratory spectrum , although th ey may 
be quite prominent in th e solar spectrum. This is 
illus trated by figures 7 and 8, wh ich sh ow small por
tions of th e solar and laboratory spectra for com
parison , together with th e calculated spectra for the 
correspo nding temperatures. The calculated spectra 
are schematically shown by drawing each line as a 
triangle, the wid th corresponding to geometric sli t 
width used in the observed spectra, and th e al ti tude 
propor tional to the logarithm of the calculated in
tensity. T he solar specLrum in figure 8 was obser ved 
du ring a cold win ter day when th e water-vap or 
content of th e atmosphere was unusually low; so the 
calculated intensities for l4 0 C of table 1 were 
arbi trar ily di \Tided by 5 and plotted on th e logarith
mic scale indica Led in th e figure. Figure 7 also 
i llustrates the g reater lin e wid th of th e laboratory 
sLeftm specLrum than that of th e solar spectrum. 

In a number of cases where laboratory lines are 
very weak, or wher e several lin es are blended, it is 
believed that m ore accurate frequencies can b e ob
tained from th e solar spectrum. Lines th at appear 
in both spectra , bu t for which th e frequencies from 
th e solar spectrum h ave b een u sed because they seem 
mor e reliable, are indicated by a dagger (t) in t able 
l. A few lines which appear only in th e solar 
spectrum, but which can be fairly posit ively identi
fi ed with water vapor b ecause th eir intensit ies change 
with th e amount of water vapor in th e atmosphere 
or b ecause they ar e th eoretically predicted , have 
also b een included in th e table. Such lines h ave a 
dash in place of a line number . 

The observed intensitie of th e lines arc given in 
th e n ext four columns. The first column gives the 
in tensit ies of lines observed in th e solar spectrum. 
A question mark in this column indicates that the 
intensity is uncer tain b ecause of absorpt ion by oth er 
gases in th e atmosphere. The values given are for 
"average" conditions of humidity and altit ude of th e 
sun. The intensity scale is ver y approximate, but 
l'uns from 0 to 100, corresponding roughly to per
centage absorpt ion at th e m aximum. The n ext 
three columns give intensities as obser ved under 
various laboratory condit ions; first, when water in 
tb e spectrometer alone was sufficient; n ext, \'{h en 
steam vas diluted t o a small fraction of its maximum 
value; and finally, when th e full path of 800 atm-cm 
was used . Figures 2 to 6 may b e consulted for de
tails. The steam was diluted over a wide range of 
concentrations so that th e intensit ies for the diluted 
water vapor should b e compared only for lines in 
th e same neighborhood. In gen eral, th e absolu te 

intensities of lines in th e solar spectrum and th e 
laboratory speetrum of th e long p ath length of steam 
arc roughly th e same, although th e intensitie of 
th e atmospheric lines vary considerably, depend ing 
on th e altitude of th e sun, th e humidity, and th e 
temperature of th e atm ospher e. 

T he sixth column of table 1 gives th e identification 
of th e line; or, if several transit ions overlap to give 
an unresolved blend, th e strongest compon ents are 
listed . The ident ification consists of a letter symbol 
for th e vibrational transition involved , th e rotational 
quant um n um bers of th e upper state, J~, and th ose 
of th e lower state, J~ . The letter symbol a refer s 
to pure-rotation transitions within th e ground vibra
tional level. All iden t ified lines with fr equen eies 
below 890 cm- 1 are of this type, an d they predomi
nate up to 1,000 cm- l . Near 1,000 cm - 1 is a region 
of minimum absorp t ion by water vapor . At lower 
fr equen cies t h e pure-rotation lines become stronger, 
and at h igh er fre quencies those of th e )12 ban d 
rapidly increase in intensit),. The s.vmb ol b identi
fies transitions in th e V2 fundamental. The r em ain
ing strong lines in th e laboratory pectrum b elon g 
to this baneL. In addi Lion , a few weak lines h ave 
b een assign ed to ban ds in which )12 i th e lower state: 
c refers to th e transit ion 2V2- V2, d to V l - )l2, and e 
to V3- )l2' 

The seven 'Lh column gives th e calculated frequen
cies derived from th e term valu es of th e correspond
ing rotationa l states. These ar e listed for th e three 
lowest levels in t able 2, which h as b een compiled 
par tly from t he presen t research , a nd par tl)' from an 
extensive rein vestigation of th e complete water
vapor spectrum. The term values of th e upper 
states of b ands d and e h ave previously b een given 
b y B enedict and Plyler [5] . A calculated fr eq uency 
in table 1 is t h e differ ence b etween two energy levels, 
J~ and J~, involved in th e tr ansition. Th e 
calculated frequ encies of a few lines have been 
placed in parentheses because in each case on e of th e 
levels concerned h as b een located bv m eans of th e 
observed line. These assignmen ts 'depend on ap
proximate predictions of th e levels from extrap ola
t ions of r egulari ties am ong th e reliably known level 
and on th e agreemen t b etween calculated and ob
ser ved intensi ties . For th e r em aining lines, how
ever, oth er observed tr ansitions connec t th e levels 
in question, and the agreem ent b etween obser ved 
and calculated frequencies is a t ru e m easure of th e 
consistency of th e measurements and th e interpreta
t ion of th e H 20 spectrum. 

rrhe final columns of table 1 list r elative values of 
the calculated intens it ies, for temperatures of l4 ° 
and 110° C. These tempera tures approximately 
correspond to the average temperature in th e solar 
and laboratory spectra, respectively. The tabulated 
numbers are , for l4 0 C, v(L S)ge-E · / k7'. 1Q6, where 
(LS) is th e line strength , as defined and tabula ted b y 
Cross, H ain er , and King [6], 9 is th e sta tistical weigh t, 
and E" is th e energy of th e lower state (from table 2). 
v is a numerical factor for th e in tensity of th e vibra
t ional transi t ions relative to the pure-i'otation band, 
which will b e discussed presen tl)·. The factor 106 

was arbitrari]y chosen so that m edium-strength lines 
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in the solar spectrum have intensities of the order of 
unity. For llOo C the factor was reduced to 105 to 
compensate for the increased Boltzmann factor. 

For the pure-rotation band, it is possible to calcu
late intensities on an absolute basis, since all quan
tities in the theoretical formula 

are known. fk vdlJ is the in tegrated intensity of a 
line, N, h, c, and k are universal constants, Q is the 
tate-sum, T;ge-E ' / kT, and p is t he static dipole moment, 

1.86 Debye units. In order to convert our tabulated 
values for the pure-rotation band to the integrated 
intensity in units of cm-2atrn- 1, one must multiply 
by 2.19 X 10- 7 X lJ (cm- I), at 287° K; at 383° K the 
factor is 1.07 X lO- 6 X j/ (cm- 1). 

Not all of the transitions found in the course of 
this study are listed in the tables of reference [6] . 
The extension to J '212 requires a moderate extra
polation. Transitions in the R5,f, branch do not 
appear in their tables; according to a communication 
from Professor Cross, the line strength in nearly all 
these lines is less than 0.0001. For such lines the 
intensities have been estimated, and are placed in 
parentheses in table 1; the relative intensities at the 
t wo temperatures are significant, but the values may 
be in error by an order of magnitude. 

The observed intensity of relatively weak lines in 
the pure ro tation band, in both the solar and labora
tory spectra, appear to be in fair agreement with the 
calculated absolute intensity. For example, the 
calculated intensity of line number one (16_8- 15_10) 

is f I v d lJ = 0 .45 X 2 . 19 X 10 - 7 X 760 = 7.3 X 
1O- 5cm-2a tm- l . If the atmospheric path is 5 X 103 

abu-cm, the equivalent width should be 0.36 cm-t, 
which is of the same order as given by the observed 
maximum absorption of 45 percent, assuming that 
the line has a half-width 0.10 cm-1 and is observed 
with a slit width of 0.22 cm- I . For the steam path 
of 800 atm-cm the calcula ted equivalen t width of 
the same line becomes 1.6 X l.07 X 10- 6 X 760 X 800= 
1.04 cm-1, again in order of magnitude agreement 
with the observed maximum absorption of 68 per
cent for a line of half-width 0.4 cm- I . 

For lines in lJz, and in the upper-state bands, the 
absolu te value of the theoretical in tensity cannot be 
calculated, as it depends on the empirical factor v. 
The following values of v were chosen by which to 
multiply the pure-rotation intensities, in order to 
obtain fair over-all agreemen t with the observed 
in tensi ties: 

Band __ b(v,) c(2v, - v,) d(vl - v,) e(v3- v, ) 

Factol' __ O. 005 0. 01 O. 0002 O. 001 

These resul t in lines of the observed order of magni
tude and are not unreasonable. The j/z intensities. 
calculated in this way, appeal' to be somewhat 
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weaker than the observed intensities, in the region 
900 to 1,050 cm- I , and somewhat stronger than the 
observed intensities in the region 2,000 to 2,200 cm- t, 
by a factor of 2 or 3 in each case. These effects, 
which rna? be in part due to the greater effective slit 
width in the short-wave region , are similar to those 
encountered in other bands of HzO, and even more 
strikingly in H zS and other asymmet.ric-top mole
cules. An explanation of these effects has recently 
been proposed by Nielsen [7]. The anomaly in 
j/z of H 20 does not appear outstandingly large in 
the portions of the P and R branches ncar the origin, 
bu t is confined to the transitions of high J and those 
in which J{ changes by more than 1. 

4. Discussion 

The agreement between the observed and calcu
lated spectra a,s given in table 1, and illustrated in 
figures 7 and 8, is quite complete , and argues well 
both for the accuracy of the measurements and the 
correctness of the Interpretation. The lines not 
accounted for constitute less than 1 percent of th e 
total absorption intensity. A few of the assign
ments to transitions of highest J , in both th e pure
rotation spectrum and in )12, arc rather uncertain. 
It would be desirable to obtain further accurate 
measurements of steam in the region 550 to 770 cm- [ 
and of superheated steam or H 2-02 emission spectra 
throughout the rest of the vibration-rotation region, 
for confirmation. HO"NeVer, all the lower energy 
levels, up to J = 10 , are well accounted for , in that 
all predicted lines appear with approximatel~T the 
correct in tensity and frequency, and that no strong 
lines remain unidentified. 

An additional demonstration that the spectral 
analysis is quite complete and essentially correct is 
afforded by the arrangement of the lines into series. 
Table 3 presents the lines of the four prominent P 
branches of the lJ2 vibration-rotation band, grouped 
in such a 'way as to display the regular decrease in 
freq uency with increasing J . A similar al'l'ay ma~T 
be made for th e lines in. the R branches, as well as 
for the Q branch lines, most of which, however, lie 
in the central region not measured in this study. 
Frequencies in parentheses are those of weak lines 
overlapped by a stronger component. It is clear , 
by a comparison of tables 3 and 1, that the identi
fication of many lines of higher J cannot be expected 
without an increase of the path length, 01' , preferably, 
by increasing the temperature. As mentioned 
before , th ere is a dist inct difference in temperature 
coefficient between the weak:er lines of the P l • I , 
p,. 'i , and p ' . l branches , which have relatively 
high transition probabilities but originate from 
high-energy levels, and those of the Pa. [ branch 
(as well as the few identified lines of the P'3.3 branch, 
not included in table 3), which have lower line 
strengths but originate from 10\ver energy levels. 
This difference manifests itself in th e changed rel
ative intensities in the laboratory and solar paths. 

Table 4 is a similar presentation of the lines of the 
low-prob ability branches of the pure-rotation band . 



For completeness, there are included lower lines of 
the series, as observed by other investigators [12, 13] 
in the farther infrared, as well as frequencies, in 
parentheses, of lines that have not yet been measured 
with high accuracy. A comparison with table 1 
again shows that the suggested array accounts for 
most of the observed lines from 760 to 1,000 em- I, 
with the lines that are most enhanced in the atmos
phere belonging, for the most part, to the more 
hi~hly forbidden R5 ;; and R5 :;; series. 

rhe energy levels· of liz , which are now known with 
completeness and good precision up to J = 9, permit 
an improved determination of the rotational con
stants for that vibrational level. The method is 
described elsewhere. Figure 9 presents the effective 
rotational constant A~, B~', and C~ for each J , 
derived from the levels of table 2, plotted against 
J(J + 1). The points ar e seen to fall nicely on 
smooth curves. The intercepts give the rotational 
constants A , B , and 0, and the limiting slopes give 
the centrifugal stretching constants DA , DB, and Dc. 
These are listed in table 5 and compared with the 
corresponding constants of the ground state. There 
is an appreciable curvature in the plot of A~, show
ing that centrifugal stretching terms of highcr order 
are important at rclativel~T low J. 

The few weak lines that are not assigned may be 
transitions of higher J in 1'2 ; upper-state transitions, 
or lines in the isotopic molecules H ZOl8 or HDO . 
The calculated vibrational shift for 112 of H 2018 is 
- 6.5 em-I ; this shift would be increased for lines 
in the R branch and diminished in the P branch. 
Tentative assignments of some of the observed lines 
can be made on this basis; for example, line 285 
(1414.99 cm- I ), which lies 4.3 cm- I below the strong 
line 33-43, and line 353 (1764.22 cm- I ) , which li es 
8.4 cm- I below the strollg line 33- 21 , have the 
proper intensity ratio (1 :500) and positions to be 
their analogues in H 2018 Other such possible lines 
are suggested in the table. It should be noted 
that, on the basis of the expected relative intensities, 
it would be very unlikely that many absorption 
lines due to HDO would appear. Although absorp
tion due to the liz band of this isotope has been 
postulated by Add [8] in t he 7 .2 !.L region of the ~olar 
spectrum, and the III fundamental has been defimtely 
observed, resolved, and analyzed in the solar spec
trum at 3.7 !.L [9 , 10], th e intensity of the lines of 
the 1'0 fundamental of HDO relative to those of 
H 20 on our spectra would be very small. The 
frequencies of the 1'2 fundamental of HDO published 
by Barker and Sleator [11] do not show any definite 
coincidences with our data. There should, however , 
be a number of fairly strong lines at lower frequen-
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cies than their work reached, which \vould lie in 
the region of weaker 1-120 absorption and might 
thus appear as weak lines in our spectra. For 
example, on the basis of the known structure of 
HDO, we calculate that the line 33- 43 should fall 
ncar 1,250 cm- I. Line 183, otherwise unaccounted 
for, has about the proper intensity in both labora
tory and solar spectra for this transition. 

It may also be of interest to point out that the 
completeness of the assignment, and the fact that 
the intensity differences in the spectra between 
atmospheric water vapor and nearly saturated 
steam can be explained in detail on the basis of 
temperature, is strong evidence, although of a 
negative sort, against the existence of (H20 )2 mole
cules in the saturated vapor. The association of 
H 20 in the liquid phase is abundantly proved b:T 

the marked lowering of frequency in the 1'3 funda
mental and a somewhat smaller shift in 1'2 . The 
existence of dimers in the vapor has often been 
postulated to accou nt for changes in density, di
electric polarization, etc., ncar saturation. If such 
dimers exist as molecules with quantized vibration
rotation states, the evidence of the present study 
would be that their concentraLion, relative to H 20 
monomer, must be less than 1 percent, since in the 
region of 1,400 cm- I , where (H 20h should be most 
strongly absorbing, the unaccounted-for absorption 
is very small . We have mentioned previously that 
the steam spectrum shows a somewhat greater line 
width than the atmospheric spectrum, but there 
is no appreciable frequency shift, and the amount 
of self-broadening is by no means abnormally large 
for a polar molecule. 
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TABLE 1. Absorption Spectrum of H20 between 4.5~ and 13 M. 

OBSERVED DATA CAL CULATED DATA 

., ., Wove Intensity Ident if ic afi on Wave Intensity c: .c 
.- E Number I Number --' " Loborotory J~-Jr z 

em- ' (vac) I em-' (vae) Solor I .', I. 110· c~~ 110· C 
1.· C 110· C 

onl), (8 Atmo- 8 Afmo-W 

1 767.37 45 0 68 a. 16_8 15.10 (67.4 ) 0.44 1.6 

2 769.1 50? 0 13 a 75 6 -5 69.15 (0.7?) (0.12? ) 

3 770.17 50? a 75 a 122 11_4 70.17 3.6 3.6 

4 775.63 30? 0 73 a 12 11_8 75.63 6.4 4.6 
-2 

5 777.07 60? 0 94 a 105 91 77.C9 11 7.5 

6 779. 36t 46 0 72 a 1°6 90 79.41 3.7 2.5 

7 784.54 6O? 0 73 {: 11_3 1°_9 84.62 18 7.2 
16_7 15_11 ( 84.54) 1.2 4.3 

8g 791.6 5 5 

9 794.01 53? 0 89 a 13_1 12_7 94.01 6.4 8.0 

10 796.01 85 0 88 , a 101 9_ 7 96.08 20 8.1 

11 797 . 65 50 0 56 a 11 100 4 
97.66 2.3 1.9 

12 798.7 5 99 0 73 95 a 15_11 14_13 (98.75) 6.8 9.0 

13 799.11 75 0 48 70 {: 10_1 9_9 99.16 25 7.7 
15_10 14_14 (99.11) 2.2 3.0 

14 803.09t 85 0 88 a 115 10~1 03.10 6.7 5.5 

15 803.60t 93 0 88 a 131 12_5 03.61 3.1 5.2 

16 806.06 30 0 54 a 16_10 15_12 (06.06) 0.3 0. 75 

17 806.75 10 0 36 

{ 
·t 

80 } (08.14) 18 808.14 t 0 82 {: 16_9 15 -13 0.9 2.2 
808.33 90 85 7_3 08.29 1.8 0.53 

19 813.97 92 0 62 a 99 83 13.97 2.5 2.2 

20 814.61 95 0 77 a 123 11_1 14.60 3.4 4.1 

See footnotes at end of table. 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 
~ 

Wove Intensity Identification Wove .. .. Intensity c .0 
.- E Number I Number -'l. Laboratory +- Jr em-' (vac) 1 cm-' (vae) Solor I AI, 1< 110· 0l-~ 110· C I.- C itO· C 

.ftly (8 AtmOo e Ah"o-M 

21 81b.55 10 0 20 

22 825.21/ 85 0 5 a 84 7_6 25.1b 1.0 ? 0.4 ? 

23 827.21 50 0 18 a 132 12_2 Z7 ·31 0.42 0.73 

24 827.80 95 0 42 {: 124 11_2 27.86 0.45 0·57 
94 8_4 27.67 1.4 0.47 

835.64 36 {: 141 13 3 35.64 0·30 0.78 
25 32 0 

lL9 16:11 (35.64) 0.10 0.55 

26 840.01 66 {: 107 93 40.01 1.6 1.7 
90 0 108 92 40.15 0.53 0.56 

t 
46 27 840.36 45 0 a 140 13_6 (40.36) 0.24 0.50 

28 841.16 5 0 13 a 150 14_4 (41.16) 0.016 0.065 

841.97 
t 2t 0 0 a 77 6_3 41.93 (0.2) (0.04) 

29 845 .83 3 0 9 

30 849.69 78 0 56 a 110 10_8 49·79 2·9 1.6 

31 852.62 99 0 50. 92 {: 103 9-5 52 ·51 4·3 2.0 
133 

12_3 52 .60 0.88 1.5 

32 852 .91 86 0 59 96 a 16_11 15_15 (52.92) 1.7 3.4 

33 853 .41 40 0 12 40 a 14_2 13_8 53·41 0.59 1.0 

34 854 .66 92 0 40 75 a 13_3 12_9 54.66 3.5 3·3 

35 858.65 27 0 49 a 17_11 16_13 (58.65) 0.15 0.64 

36 859.78 9 0 29 a 17_10 16_14 (59.78) 0. 05 0.21 

37 861.0 6 4 

38 864.0 0 3 

865.02 
t 

65.01 0.46 39 32 a 37 a 116 102 0.49 

40 865.51 t 58 0 54 a 1~ 101 65 .49 1.4 1·5 
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TA BLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

'" ., Wave Intensity Identification Wave Intensity c:.D 
.- E 
-1 " Number 1 Laboratory Jr- Jr Number z 

I cm-' (vac) Solar I Air lj 110· c~~ 11 0 " C 
em-I (vae) 1<4· c 110 · C 

only (8 Almo- 8 Almo-M 

41 871.32 t 78 0 36 a 11-2 10_10 71.49 2.3 0.92 

42 878.61 t 68 0 36 {: 12_4 11-10 78.70 1.3 0.65 
142 13_4 78.9 0.08 0.20 

43 881.15t 23 0 2 a 86 7-4 81.20 (0.3) (0.08) 

44 88:5.18 24 0 32 a 15_1 14_7 (83.18) 0.13 0.18 

45 883.89 59 0 25 a 112 10_6 84.01 0.95 0.57 

46 887.33 72 0 22 a 93 8_7 87.44 (1.1) (0.27) 

47 888.71 46 0 41 a 125 111 88.71 0.63 0.90 

48 890.14 26 0 16 a 126 110 90.16 0.21 0.30 

49 891.33 41 0 17 a 109 95 91.33 0.28 0.26 

50 892.1 t 6 0 4 

51 896.57 t 10 0 4 b 12_12 13_8 96.53 0.006 0.009 

52 897.77t 22 0 14 b 12_11 13_9 97.77 0.017 0.027 

905.50t 10 0 0 b 10_7 lLl 05.34 0.012 0.014 

53 906.32 56 0 69 a 17~13 16_15 (06.32 ) 0.3 0.8 

54 906.8 13 0 30 a 151 14_5 (06.6) 0.06 0.09 

55 908.09t 15 0 12 

56 909.02 83 0 67 a 12_1 11_9 09.12 3.0 2.0 

57 910.17 20 0 21 a 134 120 10.4 0.08 0.17 

58 910.77 12 0 27 a 18_11 17_15 (10.8) 0.02 0.12 

59 914.06 34 0 33 a 135 12_1 14.06 0.24 0.50 

60 918.52 37 0 23 a 119 103 18.52 0.25 0,31 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 
~ 

Wave Intensity Identification Wave ., ., 
Intensity c . .D 

.- E Number I Labor.otory 
Number ..J " Jr-Jr ~ 

I em-' (vae) Solar I Air Ie 110· o ... ~ 110· c em-' (vac) 14- C 110· C 
O"'y (I At.... a AtflllOoa. 

61 921.48 t .15 0 31 a 15_3 14_9 (21.48) 0.29 0.70 

62 922.19 t 89 0 52 a 121 11_7 22.41 1.5 1.2 

63 925.0;; t 80 0 15 a 95 8_5 25.12 (1.0) (0.3) 

64 929. 00 22 0 18 a 143 
13_1 29.00 0.063 0.20 

65 929·4 0 0 6 

66 932·32 1 0 5 

67 937 .40 5 0 6 a 144 13_2 37.2 0.020 0.06 

68 938•2 2 0 .4 

69 941.12 20 0 8 a 14_4 13_10 ( 41.1) 0.29 0.36 

{: 9 103 44.90 0.022 0.029 
70 944.95 13 0 11 12-1 113 44.96 0.22 0·35 7 

946.7/ 6 0 0 a 87 7_1 46.73 0.13 0.04 

71 948.35 66 0 27 B 12_3 11 ... 11 48.40 1·9 1.0 

72 953.49 30 0 25 b 11_11 12_7 53.49 0.069 0.078 

73 954.17 
t 

7 0 6 b 8_1 95 53·99 0.014 0.013 

955.33t 24 0 0 a 102 9 -8 55.50 (0.3) (0.09 ) 

74 955·71 9 0 13 b 11_10 12_8 55.71 0.023 0.026 

75 959 ·33 10 0 36 {: 18_13 17_17 (59.33) 0.05 0.21 
96 8_2 59.79 (0.05) (0.02) 

t {} {~ 76 {96O.5t 0 12 153 14_3 (60.5) 0.003 0.014 
961.1 80 94 60.91 0.005 0.005 

77 962.05 0 5 a 1111 105 62.1 0.025 0.04 

78 963.0 0 3 

79 966.01 11 0 7 b 9_6 100 65.93 0.019 0,016 

80 967,00 15 0 16 Ii 130 12-8 (67.00) 0.20 0.22_ 
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TABLE 1- Continued. 
r---, 

OBSERVED DATA CALCULATED DATA 

- Wove Intensity Identification Wove .~ . ~ Intensity 
...J :> Number I Labo'rotory JZ-- Jr Number 

2: 
em-' (vae) cm-' (vae) 

I Solar I .,. Ii 110· 0 ~~ 110· C 
, •• C 110· C 

0"'), (8 A' .... o- e A'fI'lt~M 

81 970.66 10 0 8 {: 136 122 70.52 0.016 0.04 
137 121 70.75 0.047 0.12 

t 
971.43 18 0 0 a 1°5 9-3 71.53 0.20 0.10 

82 971.75 12 0 - 20 

83 973.59 15 0 - 19 a 13.2 12_10 73.65 0.33 0.]0 

84 974.04t 16 0 7 a 104 9_6 74.04 0.5 0.19 

85 976.07 hO 0 . 24 a 13_5 12_11 76.07 0.7 0.5 

86 977 ·54 15 0 8 b 8_7 9_1 77.28 0.084 0.045 

87 984.2 5 0 5 a 114 10_4 84.15 0.14 0.10 

88 990.J 6 0 3 a 129 115 (90.3) 0.007 0.015 

89 994.4 10 0 4 

90 998•87 301 0 - 10 b 8_J 9J 98.70 0.080 0.026 

91 1000.35 251 0 6 a 123 11_5 00.47 0.20 0.19 

92 1003.8 10? 0 3 a 97 8.3 03.85 (0.40) (0.14) 

93 1007·3 IS? 0 4 b 11_5 12 07.08 0.017 0.035 
-1 

94 1010.12 15? 0 - 16 b 10_10 11_6 09 .96 0.11 0.085 

95 1010.86 15? 0 - 22 b 11·9 12_5 11.06 0.10 0.143 

96 1011.64 10? 0 7 

97 1014.56 50? 0 - J8 b 10_0 11_7 14.]8 0.J18 0.265 
/ 

98 1017.6 201 0 - 15 b 8_5 91 17.79 0.202 0.128 

99 1017.9 30? 0 - 17 a 14.1 IJ_9 (17.9 ) 0.16 0.22 

100 1019.5 51 0 2 b 10_4 110 19.52 0.01] 0.018 
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TA.BLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

., <; Wave Intensity Identification Wave Inten sity c .0 
.- E Number I Number -' => 

J~- Jr z Laboratory 

1 em- ' (vae) Solar I .;, Ii 110· c •. ~ 110" c 
cm-' (vae) I"· C 110 · C 

only (8 Al mo_ 8 Almo-M 

101 1022.0 57 0 4 a 132 12_6 21.55 0.053 0.078 

102 1028.47 307 0 13 {: 7 84 28.47 0.043 0.024 
11;2 10_7 28.45 0.5 0.25 

103 1029.69 207 0 17 {~ 9_3 101 29.58 0 .084 0.082 
111 10_9 29.87 1.14 0.45 

104 1030.58 10? 0 13 b 11_8 12_6 30.0 0.033 0.048 

105 1032.76 20? 0 5 

106 1039.53 7 0 30 {~ 8_2 92 39.31 0.043 0.034 
11-7 12-3 39.35 0.075 0.128 

107 1042.57 157 0 17 a 14_3 13_11 (42.5) 0.22 0.28 

108 1044.4 7 0 3 

109 1049.39 7 0 7 b 7 -6 80 49.39 0.13 0.052 

110 1050.22 ? 0 6 

111 1051.28 ? 0 11 b 7_1 83 61.28 0.176 0.096 

112 1055.56 207 0 8 b 6_1 76 65.21 0.1 64 0.075 

113 1068.69 7 0 13 b 12_7 13_5 68.57 0.028 0.065 

114 1060.14 7 0 23 b 1°-8 11_4 60.06 0.146 0.146 

115 1062.61 7 0 8 b 7_4 82 62.50 0.164 0.075 

116 1063.6 ? 0 3 

117 1066.20 86T 0 70 ~~ 9_ 9 1°_5 65.14 1.17 0.71 
60 74 66.17 0.057 0.025 

118 1072.69 ? 0 16 b 10_6 11-2 72.52 0.084 0.10 

119 1074.46 707 0 41 b 9_8 10_6 74.31 0.415 0.26 

120 1085.4 ? 0 :5 b 51 65 85.37 0.096 0.035. 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

'" '" Wove Intensity Ident ification Wave Intensity c .D 
.- E Number I Number -' " Laboratory J~-J[ z: 

cm-' (vae) I cm-' (vae) Solar [ ,;, I, 110· c)-~ 110· C 14- C 110· C 
only (8 Atmo- B Almo- M 

121 1088.1 1 0 2 

122 1091.24 82 0 55 b 1°_7 11-5 91.21 0.575 0.54 

123 1099.74 72 0 54 b 9_5 10_1 99.04 0.665 0.55 

124 1101.47 76 0 34 b 6_3 73 01.42 0.85 0.32 

125 1105.3 51 0 8 

126 1106.76 83 0 78 b 9_7 10_3 06.73 1.60 1.15 

127 1111.59 82 0 41 b 6_5 71 11.50 1.21 0.41 

128 1114.8 1 0 4 c 7_5 8_1 14.30 0.010 0.03 

129 1117·71 231 0 19 b 11_6 12_4 17.60 0.063 0.098 

130 1120.9 84 0 l4} b 8_4 90 20.76 0.45 0.29 
76 

131 1121.24 89 0 21 b 8_8 9_4 21.24 1·37 0.62 

132 1135.80 98 0 44 86 b 8_7 9_5 35.80 1.78 0.80 

133 1137 ~"'46 85 0 16 65 b 7_3 81 37.19 1.6:3 0.78 

i34 1141.64 221 0 23 b 12_5 13_3 41.59 0.034 0.088 

135 1149.48 77 0 22 78 b 8_6 9_2 49.39 1.82 0.98 

136 1151.59 70 0 5 47 b 6_2 72 51.55 0.66 0.25 

137 1152.44 77 0 19 72 b 9_6 10_4 62.42 0.91 0.63 

138 116S.27t 87 0 29 59 b 5-4 62 65.10 0.86 0.22 

139 1165."t 83 } 0 15 35 {: 5_1 63 65.4:0 1.56 0.48 
1165.9 73 4-1 55 65.84 0.69 0.145 

140 1167.04 1 0 5 16 {~ 8-5 9-3 66.8 0.009 0.032 
6_3 61 67.1 0.01.4 0.030 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

'" " Wove Intensity Idenl i f ieafion Wove Intensity CoD 
.- E Number I Number ...J ~ 

Jr- J[ z Laboratory 

I cm-' (vae) Solar I AI. Ii 110· o~~ 110· c 
em-' (vae) 14- C 110· C 

0"'), (8 "tmOo 8 Atmo-M 

141 1169.4 ? 0 4 

142 1171.4 ? 0 11 b 9_8 9_2 71.47 0.043 0.021 

143 1173· 76 } 9l 0 
33 } 

b 10_.5 11_3 73.74 1.ll 1.09 
99 

144 1174.54 0 68 b 7_7 8_3 74 • .54 12.6 4.4 

145 1178.55 1.51 0 15 

146 1180.75 .551 0 9 b 40 54 80.94 0.29 0.06 

147 1182.2 ? 0 3 

148 1184.14 ? 0 6 44 b 12_3 13_1 83·9.5 0.068 0.206 

149 1187.00 99 0 70 98 {~ 11_4 12 2 86.65 0.1015 0.189 
7-.5 

8- 87.11 1l.4 4.7 -1 
1.50 ll91.16 351 0 9 

151 1193.67 28'? 0 9 

152 1195·41 '? 0 6 27 b 12_1 131 95~28 0.046 0.196 

153 ll98.22 96 0 48 95 b 7_6 8_4 98.18 5·2 1.78 

154 1200.80 1 0 2: 17 

155 1201..55 ? 0 4 30 {~ 121 133 01.58 0.021 0.099 
122 132 01.8 

1.56 
[1206.07 t 521 } 0 

j 

1206.37 t 3D'? 13 

1.57 1207·35 '? 0 13 c .5-5 6_1 07.5 0.048 0.082 

1.58 1209.79 ? 0 3 46 {~ 6 7_3 09.6 0.036 0.072 
12-5 135 09·7 0.007 0.047 3 

159 1211.29 99 0 23 } b 4_3 53 11.29 3·4 0·73 
99 

160 1212.28 99 0 60 b 8_) 9 -3 12.23 12.8 6.4 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

.. .. Wave Intensity Identification Wove Intensity c .D 
.- E Number Number 
...J " I Laboratory Jr- Jr z 

I em-' (vael Sotar I ." 1< 110· o ... ~ 110· c 
em-' (voel , .. . c tlO · C 

onl)' (8 A' mo- e Atmo-M 

161 1213.0 '1 0 19 99 b 11 12 13.00 0.10 0.22 
-2 0 

162 1214.91 '1 0 3 25 b 8_7 8_1 15.06 0.36 0.15 

16, 1218.63 98 0 4O} b 6_4 70 18.63 6.70 2.07 
90 

164 1219.1 '1 0 9 b 110 122 19·2 0.060 0.16 

165 1220.43 '1 0 18 70 b 111 121 20.60 0.18 0.47 

H 113 123 24.76 0.10 0.34 
166 1225.08 99 0 38 6_6 7_2 25.08 11.0 3.08 

9 -4 10_2 25.08 2.05 1.56 

167 1225·5 99 0 25 99 b 10_3 11_1 25.46 1·97 2.36 

168 1226.1 Td'1 0 0 b 11_1 12_1 26.06 0·355 0.74 , 

169 1228.53 ? 0 - 13 

170 1229 .43 '1 0 - 14 b 9-9 9-3 29·35 0.80 0.40 

171 1232.1 '( 0 3 

172 1233·31 ? 0 - 47 b 115 125 
32.88 0.041 0.18 

173 .1235.23 ? 0 - 19 

174 1237.20 ? 0 - 19 {~ 119 113 36.7 0.056 0.061 
6- 6- 37 .41 0.021 0.008 0 -6 

175 1239 .25 1 0 25 98 b 10_1 111 39.19 1·50 2.17 

17b 1240.6 ? 0 - 35 

177 1242.90 951 0 17 98 {~ 101 113 42.75 1.17 2.11 
102 112 43·1 0.39 0.70 

178 1244.18 J 0 40} b 5_3 61 44.04 24.1 6.27 
99 99 

179 1244.n 0 11 b 1°0 110 44.66 0.52 0·99 

180 1246.63 ? 0 7 b 7_1 75 46.48 0.14 0.06 

108 

l 



TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 
~ 

Wove Intensity Identification Wove Intensity .. .. 
c:.I:l 
.- E Number I Laboratory 

Number ...J " 
+-J~ :z: 

em-' (voe) I em-' (voe) Solar I AI, 11 110· o>-~ 110· C I.- e 110· c 
0"'' (8 AtlftO- It At",." 

181 1248.52 ? 11 86 b 103 115 48.49 0.46 1.06 

182 1251.43 '/ - 13 b 3_2 44 51.46 0.74 0.14 

183 1252.44 ? - 17 

184 1253. 67 '/ 0 5 b 7_6 70 53·51 0.43 0.14 

185 1255.95 ? 3 40 b 16 -15 17_17 (56.0 ) 0.095 0.40 

186 1257.07 6 67 {~ 105 117 57.07 0.182 0.56 ? 
11: 12_3 57.·10 0.645 1.10 -3 

157 1258.63 95 21 91 b 9_2 1°0 58.63 3·1 2.7 

188 1260.38 99 67 99 b 6_5 7_3 60.32 53·7 14·5 

189 1264.04 ? 22 92 b 90 1°2 63.93 2.0 2.1 

190 1265.42 '/ 12 b 4_2 52 65 .30 5.5 1.15 

191 1266.11 ? 41 b \ 101 66.31 6.2 6.5 

192 1266.63 ? 39 b 93 1°3 66.55 4.2 4.5 

n 10_2 11_2 67.83 0.90 1.02 
193 1268.40 99 49 107 11 67.93 0.06 0.26 

7_4 89 68.28 19·2 7.1 
99 -2 

194 1269.97 99 60 b 8 
-3 

9_1 69.72 '31.1 17.0 

195 1271.80 99 61 b 5_5 6 71.73 73 16·3 -1 
196 1272·37 ? 31 b 95 1°5 72.22 1.80 2·90 

197 1273·1 80? 6 {: 6 63 72.64 0.78 0.23 
9-3 93 73.24 0.14 0.10 -3 

198 1276.63 ? 6 65 b 15_15 16_15 76.67 0.50 1.35 

199 1280.09 99 48 99 b 9_1 10_1 80.09 10.4 B.88 

200 1281.22 85? 20 89 b 97 107 80.99 1.06 2·30 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 
~ 

Wave .. .. Intensity Identification Wove c: .D Intensity 
.- E Number ..J :> I Laboratory 

Number :z; Jr - Ji-cm-' (vac) I Solar I I." I~ 110· o .. ~ 110· c em-' (Yae) , ... c 110· C 
only (I Atmo- •• ,"' .... 

201 1282.9 ? 3 7 

202 1284.37 ? 10 63 b 3.1 43 84.14 5·9 1.09 

203 1284.89 '1 0 40 

204 
1287

O
J8} 61 } 

b 8.1 91 87.29 33·9 21.7 

205 '1288.28 99 55 99 b 81 93 88.18 21.4 16·5 

206 1288.92 33 b 82 92 88.82 7.15 5·.50 

207 1290.59 '1 47 98 b 83 95 90.52 14.6 18.2 

208 1292.40 '1 6 75 {~ 63 7 92.0 0.10 0.05 
99 1~ 92·30 0.25 0.69 

209 1296.67 '1 55 99 {~ ~ 97 96.59 6.25 7.81 
90 96.53 12.1 7.6 0 

210 1300.9 '1 0 2 c 65 77 01.0 0.04 0.19 

211 1302.7 '1 0 2 

212 1304.46 '1 a 22 

213 1305.60 '1 23 69 b ~ 99 05.49 2.48 3.09 

214 1306·31 '1 5 54 

215 1308 .25 '1 55 96 b 7.2 80 08.18 42.0 17.4 

216 1312.61 '1 75 · b 73 83 12.71 88 52 

217 1313·64 ? 64 · {~ 4·4 50 13.35 '7) 7.4 
70 82 13.68 36.7 17.6 

218 1314.82 '1 59 · b 75 85 14.73 43.8 31·9 

219 1316.20 '1 32 - b 11_5 12_5 16.38 1.67 2.'7) 

220 1317.04 '1 75 - b 71 81 16.92 113 54 

110 
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TABLE "1- Continued. 

OBSERVED DATA CALCULATED DATA ' 

'" Wave Intensity 
" 

Identification Wave Intensity 
~ Number I Laboralory J~- J~ 

Number 
em-' (vac) Solar I "i, I 110· c>-~ 11 0 · c 

cm-' (vae) 104- c I 11 0 · C 

only (8 A'mo- 8 Atmo-M 

221 1317.6 37 b 13_13 14_13 17.65 8.15 10.9 

222 1318.97 77 {~ 6_3 7 18.95 211 61 
10 11-1 19.21 2.0 2.0 -4 -4 

223 1320.09 58 b 5_4 6_2 20.13 61.4 13.3 

224 1320.90 44 b 77 87 20.93 19.2 18.0 

225 1323.31 51 b 9_3 10_3 23.29 19.5 14.2 

226 1324.30 10 c 51 61 24.2 0.53 1.07 

227 1325.63 8 

228 1326.14 8 14 {~ 13_11 14-11 26.08 1.93 3·48 ..-1 
+> 13_9 14_9 26.4 0.50 1.20 
Po 
~ 

229 1327.72 0 
22 b 9_7 9_1 27.70 2.50 1.37 III 

~ 
230 1329.90 52 b 8_2 9_2 29.72 19.3 10.4 

.$ 
231 1332.70 «> 

8 b .-f 
Po 

7_3 '3 32.49 0.18 0.30 

2;52 1335.55 B 
(,) 1.4 

233 1336.64 88 b 63 '5 36.56 239 110 

234 1338.56 55 92 {~ 12_11 13_13 37.83 28.6 27.5 
61 73 38.50 308 117 

235 1339.23 :} b 65 77 39.39 117 ~5 68.1 
93 

236 1339.55 b 62 '2 39.59 103 39 

237 1340.35 67 95 {~ 7-1 8_1 40.09 169 69 
6_1 71 40.37 364 118 

238 1344.04 22 b 12_9 13_11 44.0 7.4 9.5 

239 1344.60 1 

240 1345.59 13 b 12_7 13_9 45.7 1.55 2.60 

III 



TABLE 1- Continued. 

OBSERVED DATA CALC'ULATED DATA 

., .. Wave Intensity Ident if ical ion Wove Intensity cD 
.- E Number Number ...J " I Laboratory Jr- J[ ;z 

I em-' (voe) Solar I '" Ie 110· 0 ~~ 110· C 
:m-' (vae) I. · C 11 0 · C 

0"11 (8 At""~ e ""'o-M 

241 1345 ·97 18 - c 41 53 46.0 1.22 2.04 

242 1347~01 6 - c 42 52 47.1 0.41 0.68 

243 1349·0 34 

244 1349.39 64 - b 3_3 41 49·43 113 18.4 

245 1351.67 15 

246 1352.41 21 - b 11_7 12_7 52.4 5.65 6.61 

247 13.54.87 80 - b 6 0 70 54.80 164 53 

248 1356.0 13 - {~ 5 6 55.4 0.86 1.47 
8-1 8-1 56.54 2.6 1.08 -6 0 

I:l a 
249 1357.21 ..... 13 +> 

A 

1358.06 
~ 

250 a 55 - b 11_11 12_11 58.02 91 65 IJl 
.0 
~ 

- {~ 251 1361.09 70 11_9 12 9 61.02 19·5 18 .1 
!l 55 

6- 61.09 570 211 
G> 5 
.-f 

- {~ 60 252 1362.70 A 70 5 62.70 215 50 e 5-2 64 62.96 250 76 0 2 
253 1363.17 80 - b 53 63 63.16 745 226 

254 1365.9 2 

255 1368.60 57 - b 50 62 68.14 347 89 

256 1369.78 6 80 - {~ 12 12 69.89 3.8 3.5 
11 -i 12_12 12_ 0 70.02 1.3 1.2 

257 1370.95 4 74 - c 33 43 70.9 3·2 4.6 

258 1372.28 17 - b 9_5 10_5 72.17 52·5 31.7 

259 1373.76 76 - b 5 61 73.76 1070 275 
1 

260 1375.09 70 - b 4_3 5_1 75.13 670 107 

112 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

., ., Wove Intensity Ipentif ie otion Wove Intensity cD 
.- E Number I Laboratory 

Number --' " J~- Jr z 

I I 
em-' (voe) 

Solar I "I, I~ 110· o~~ 110· c em-' (voe) 14t· c 110 · C 

o"ly <I At"'~ e Atmo. .. 

261 1376·3 .3 

262 1378.04 35 {~ 10 11_11 77.98 26.3 139 - 1O:~ 11_8 78.07 19·5 13·3 

263 1378.5 6 b 7 -5 71 78.66 17.2 5·5 

1379.63 {~ 8 9-4 79.5 45·5 20·9 264 25 10-4 11_9 79.66 58.5 39.8 ·7 

265 1382.11 7 85 b 10·5 11-7 82.10 18.0 14.9 

266 1383.40 5 44 

267 1384.26 4 35 c 7·5 8-5 83.8 0.56 1.26 

268 1386.51 
d 

56 7_3 8_3 86.24 311 110 0 b 
-rl 
+> 

269 1387.55 
P. 

87 • .s0 2160 548 H 82 b 43 55 0 
II) 

.c 
270 139 0.0 « 4 b 5_3 53 90.46 22.7 4.9 

271 139 0.95 
$ 

12 {~ 11.10 11_8 90.78 4.5 3·1 4) -.-i 11.11 11_9 91.07 13·4 9·3 P-
el 

272 1392·38 8 5 

n 9 10_7 94.46 159 77 
273 1394.50 88 4-7 ? 94.55 2305 500 

61 94.58 233 65 ·2 -2 

274 1395.81 75 b 42 52 96.00 770 167 

275 1397.74 55 . {~ 9.6 10_8 97·51 54 30 
9.9 10.9 97.78 685 280 

276 1399 .16 82 - {: 4.1 51 99.15 2170 414-
7·7 8.7 00.8 1.9 3.6 

277 1402.0 0 5 c 7.6 8.8 01.9 0.63 1.2 

278 1403.54 8 b 9_4 10.6 03.38 17 10 

279 1404.98 80 b 5.1 6.1 05·10 1432 326 

2SC. 1407.09 1 22 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

., t; Wove Intensity Identification . Wove Intensity ".0 .- E Number I Number ...J " Laboratory J~- Jr z I 110· C 
em·' (vac) Solar I .t. I~ 1I0.0 ... ~ 110·0 

em-' (vae) 14- c 
0"1, (I At"'. 8 AtMo-III 

281 1h08.51 3 46 - c 21 33 08.3 5.3 5.8 

282 1409.94 24 85 - b 8_6 9.6 °9·91 135 43 

283 1411.52 27 !~ 1°_3 11_5 . 11.33 5·2 5·1 
10.9 10.7 11.43 42 23 

284 1411.91 26 {~ 5_5 51 11.91 73·5 14.0 
10_10 10_8 11.98 14 7.7 

285 1414.99 5 38 - Possibly H2018 b 33 43 

286 1416.11 41 b 8_5 9-7 16.09 382 149 

287 1417·39 69 {~ 8.8 9_8 17·39 402 181 
~ 8.7 9-9 17.64 1225 392 
0 ..... 

{~ 288b +> 40 50 19.04 935 177 1419.3 0- 95 H 33 43 19.55 5805 1090 0 
II) 

~ {~ 3.2 40 23·9° 625 94 289 1423.90 73 7_5 8_5 24.25 890 269 
$ 
Q) 

6.3 26.3 29 0 1425.83 ~ 0 19 c 7-5 0·5 0·9 0-
E! 
0 

291 1426.60 0 0 45 3.1 4_1 26.6 4.1 4.5 c 

292 1428.31 21 b 8_3 9-5 28.24 128 .58 

293 1429.97 80 b 30 42 30.01 1580 258 

294 1432.06 22 b 9.8 9_6 31.99 41 16 

295 1433·31 40 {~ 9_9 9.7 33·21 123 38 
4·4 ~ 33·49 36 5.7 

296 1435.77 57 b 7·4 8_6 35·51 292 88 

{~ 
7.7 8.7 36.54 2540 650 

297 1436.72 93 31 41 36•67 5150 840 
6.4 7-4 36•89 585 143 
7-6 8.8 37.18 835 214 

295 1440.64 2 28 

299 1441.42 2 45 b 11.8 11.6 41.42 3.8 3.2 

300 1442.80 0 9 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

'" '" Wove Intensity Identification Wove Intensity c: .D 
.- E Number I Laboratory 

Number ...J 0> Jr-Jr 
I 

z 
em-' (vae) em-' (vae) Solar I Air I, 11 0 · Cd 11 0· C 104 - C 110· C 

only (8 AlmG- e Alm o-Ii! 

301 1445.09 7 60 {: 11 0 11_7 45.05 ll.B 9.8 
(2 1°_4 45.12 4.9 3.4 

302 1446.49 13 65 b 3_3 33 46.52 6~ 8.2 

303 1447.91 85 b 5-3 6-3 47.88 2955 594 

304 1450.53 1 19 Possibly H2O 18 
b 6_5 7 ~ -, 

305 1452.01 58 b 8 n 8_5 52.20 324 98 -, 
306 1453.4 1 

307 1454.59 44 b 8_ 8 8_ 6 54.64 109 33 

308 1455.26 75 b 6_6 7_ 6 55.30 1600 310 
Q 
0 

309 1456.49 'M 95 b 6_5 7_7 56.45 4785 995 ~ 
0. 
j.. 

31 0 1457.09 
0 

89 {~ 21 33 57.11 8400 1210 (/J 

.D 6_3 7_5 57.11 1650 402 <>: 

311 1458.24 <D 89 +' 
<D 

b 22 32 58.39 2 1:580 413 
M 

312 1459.26 0. 84 b 4-2 5_2 59 .30 152 5 260 IS 
0 

0 

313 1460.76 2 68 

314 1462.71 2 

315 1464.92 92 b 2-1 31 64 .91 4800 635 

316 1466.59 4 Possibly H 018 
2 

b 3_1 4_1 
18 317 1467.61 6 Possibly H 0 b 5_5 6_5 2 

318 1459.3 2 

319 1472 .0 98 - {~ 7-6 7_4 71.77 441 107 
3_1 4_1 71.92 6580 960 • 

320 1473.44 94 b 5 6_5 73.46 7980 1410 -5 
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TABLE 1 - Continued. 

OBSERVED DATA CALCULATED DATA 

" ., Wave Intens ity Identifie a l ion Wave Int ens ity 
" .D - E Number . I Lob or.o lo ry 

Number -' " Jr- J[ z 
cm- ' (vae) I em-' (vae) Solar I Air 14 110· c).~ 110- c I.· C 110 · C 

0"'., <8 A t mo. 8 Alrno· M 

1476.29 {~ 5_4 6_6 76.09 2500 440 321 94 7_7 7 -5 76.48 800 190 
322 1478.1 2 

323 1480.4 1 40 

324 1481.33 62 {~ 5 6_4 81.37 890 180 
8-2 

9 -3 81.73 36 18 -1 

325 1482.5 0 40 
" 

326 1484.3 0 18 b 10_1 11_3 84.44 1.5 1.7 

327 1486.27 40 b 9_7 9 -5 86.22 140 63 

328 1487.34 l=l 91 b 20 30 (87034) 2970 390 0 
. .-t 
+> 

{: 1489. 23 
0-

85 8 8_3 89.11 343 120 329 M 
6-5 0 

7-3 89.19 456 122 III -1 .J:l 
~ 

6_5 6_3 1685 330 1489.81 88 b 89.81 340 
4> 

+> 
331 1490.81 4> 88 b 4-4 5_4 90.76 3890 590 ~ 

0-

1496.23 
El 

96.27 11560 332 0 94 b 4-3 5_5 1760 0 

333 1498.79 92 - {~ 10 22 (98.79 ) 3145 390 
6_6 6_4 98.86 610 120 

334 1500·51 10 {POSSi bly also ~018 b 3_~ 4-3 
b 9_4 9-2 00·54 9 15 

335 1501.83 52 b 7_4 7_2 01.83 280 77 

336 j n 11 21 05·57 11460 1370 
1506 99 5-4 5-2 06.68 1065 180 

3_3 4_3 07.09 14670 1960 

337 1508.55 97 b 4_1 5_3 08.49 3340 560 

• n 8 81 09.56 III 54 
338 1509·79 85 6-1 63 09.72 365 111 

51 55 09·73 540 137 3 

339 1510.56 43 - {~ 75 77 10 • .58 20 12 
62 64 10.56 122 37 
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TABLE 1- Continued • 

• OBSERVED DATA CALCULATED DATA 

" 0; Wave Intensity Iden t i fi cat ion Wave Intensit y 
" .LJ -- E 

...J ~ -Numb er I Labor.atory Jr- J~ 
Number z 

I 
em-' (vac) Solar I Ai, I, 110· c .... ~ 110· c 

cm-' (va e) 14° c 110 · C 
only (8 Atmo- 8 Atmo-M 

H 
71 73 12.22 159 60 

340 1512.37 90 7 70 12.30. 185 59 
6-2 6_1 12.34 1735 396 
-3 

341 1515.01 72 b 6_1 61 14. 84 980 250 

342 151 6 .77 94 \~ 5 52 16 .32 475 103 
40 43 16.73 H2O 267 

1 

343 1517. 50 96 {~ 3_2 4~4 17.59 4680 620 

>:: 42 4 17. 95 470 88 
0 4 

-,1 

{~ 
.j.O 

51 53 20.1 8 1470 32 0 344 1520.36 0- 93 s... 
5 -2 50 20.24 1330 253 0 

." 
.0 « 

{~ 4_3 4_1 21.25 5230 760 345 1521.4 95 
Q) 5 - 5 5_3 21.25 3870 650 

.j.O 
Q) 

346 1522.67 ...... 92 b 2 3 -2 22. 66 5300 650 0-
S -2 
0 

347 1525.1 
{.) 

72 b 60 62 24.86 347 88 

348 1525.52 92 b 4_1 \ 25.45 4100 670 

349 1527.38 79 b 7 7_3 27.48 1254 335 -5 

350 1528.66 75 b 3 32 28.62 1240 179 
0 

351 1531.71 55 b 7 
-1 71 31.64 595 185 

Note : Be bNeen lines 351 and 352 the absorption has not been measured. since 

our r esolut ion is not improved over t hat published[J]. The calcul3.ted 

spectrum f rom our levels yields r esults a greei~g to :t 0.2 em 
-1 

energy 

with the earlier '.'fOrk. 
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TABLE 1-Continued. 

OBSERVED DATA CALC ULATE D DATA 

" 
. Wove Intensity Ident i f ic ation Wove Intensity c 

::i Number 

Solilr I A;, 
J~- J~ 

Number 

em-' (vae) 
Laboratory 

em- ' (va e) 1 Ii 110· c ... ~ 110· C 
14· C 110 · C 

only (8 Almo- 8 Almo-M 

352 1761.88 88 b 6_3 5-3 61.86 6388 1070 

353 1764.22 7 Possibly H 018 2 b ]3 21 

354 1765.40 6 b 10_6 10_8 65.38 29 16 

355 1767.3 20 b 9_2 9-4 67.06 54 25 

H 9-7 9-9 68.06 275 88 
356 1768.20 87 9_9 8_7 68.23 2910 740 

9-8 8_8 68.41 970 250 

357 1771.38 91 b 32 22 71.45 6050 725 

358 1772.64 93 b 3] 21 72.80 17850 2140 

1775.64 
~ 

6_4 75.61 260 359 0 77 b 7-4 1320 
'rl 
~ 
P. 

{~ 360 1778.6 J..o 22 10_3 10_5 78.57 55 33 0 
CI) 41 31 78.64 8 8 
~ 

361 1779.14 u9 {~ 8 7_2 79.2 210 59 !l 10-4 10_7 79.15 84 46 G) -5 r-f 

362 1780.70 ~ 84 {~ ~ 3.2 80.77 1485 181 0 
(,) 

-6 7-4 80.92 715 174 

363 1781.96 28 b 9_3 8_1 82.04 80 33 

364 1783.95 23 b 42 4-4 84.08 80 11 

365 1784.93 76 b 10-9 9-9 85.0] 1810 580 

366 1788.45 18 {~ 8 80 88.]8 73 JO 
102 10_10 88.79 34 14 -8 

367 1790.1 37 {~ 1°_7 10_9 90.09 104 42 
11_7 11_9 90.0 27 18 

368 1791.02 88 b 8_5 7-5 91.05 2210 540 

369 1792.63 92 b 41 31 92.73 12050 1590 

370 1795.22 41 b 64 62 95.28 235 60 
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TABLE 1 - Continued . 

OBSE RVED DATA CALCULATED DATA 

'" '" Wave Intensity Identifi c at ion Wave Inten!3-ity c LJ 
.- E Number I Number ...J " Lab ora tory J~-J~ z 

I 
cm-' (vac) Solor I Ai, 11 110· c)-~ 110· C 

cm-' (vac) 14\- C 110 · C 
only (8 Afmo- 8 Almo-M 

I ~ n 5 53 95 . 90 790 170 
I 371 1796.03 79 6g 61 96.19 710 180 
I 

\ 72 70 96.39 1 65 53 

372 1796.87 30 b 81 8_1 96 .98 217 89 

373 1799.63 86 b 42 30 99.84 3860 506 

r 314 1801.36 55 b ll_n 10_ 9 01.50 760 310 
I 

315 1802.43 65 b 9_1 8_5 02 . 62 1065 320 

316 1805.17 24 b 51 5-5 05 .16 181 27 

t 317 1807.75 52 ." b 9 8_6 07.76 362 no -6 
I 

{~ 11_9 11_11 08 .6 36 18 378 1808.62 s:: 3 
0 11_8 11-10 09.41 12 6 
·rl 
+' 
0.. 

379 1810.63 I.. 81 b 50 40 1 0 .71 2400 360 0 
III 
.0 

380 18;1,2.22 -< 54 b 9_5 8-3 12.26 342 106 
II> 

381 1814.73 +' 4 II> .... 
0.. 

382 1815.6 I': 3 0 
0 

383 1817.47 40 b 12_n 11_11 17.52 290 154 

~ 384 1821.46 7 b 10_4 9_2 21.50 13.1 6 

385 1822.82 31 b 10_8 9_6 22.87 157 61 

386 1825.31 87 - {~ 6 5_1 25.10 3940 690 
10-1 9_1 25 . 52 478 186 

-7 

387 1829.42 88 b 5_1 4_3 29.24 1850 250 

388 1830.26 91 b 51 4_1 30.14 6150 900 

389 183~.39 22 b 13_13 12_11 33.39 100 72 

390 1834.76 6 b 111 11-1 34.52 4.2 5.1 
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.... » 

TABLE 1- Continued. 
o 

OBSE RVED DA T A CALCULATED DATA '< 
.. .. Wove Intensity Identification Wove Intens ity r: LJ 
.- E Number Number -' " I Loboralory J~- Jr 2: 

em-' (vae) em-' (voe) 1 Solar I At, l< 110· C I-~ 110· C 14· C 110· e 
oll'y (I A,,..o- II .t"' .... 

I 

r 60 
6.6 35.85 Z7 J 4.9 

391 1836.07 5 " · 
Possibly ~018 b 43 33 

392 1837.32 65 · {: 7.2 6.2 37.39 680 147 
32 2.2 37·54 47 5 

393 1839.29 4 20 c 43 33 39.1 11 12 

394 1840.5 0 7 b 1°2 100 40.5 4·5 3·9 

395 1842.25 37 · {~ 11.9 10·7 42.10 187 103 
10.6 9·4 42.23 52 25 

:JJ6 1844.24 92 {~ 11.8 10.8 43·44 62 34 ~ 
43 33 44.20 16000 2300 I 

Q 

{~ ~ 63 45.57 260 79 0 

397 1845.4 
..-4 

52 45.54 210 80 ~ 

~ p. 

~ 46.09 87 42 r-. 
0 1 
." 

398 1847.82 ~ 67 b 8_3 7·3 47.87 945 253 " 
399 1848.80 Q) 15 b 14.13 13.13 48.80 31 30 ~ 

Q) 

400 1852.44 
~ 

8 52.38 64 p. 19 b 53 5.3 9·5 8 
401 1854.1 

() 

2 4 b 44 4 -, .':: 54·12 9.7 1.3 

402 1856.30 4 11 b 62 6·4 56.40 28.4 5.7 ":1 , 
I 

403 1858.52 32 70 b 9.4 8 58.48 145 50 

j 
-4 

404 1859.73 8 40 b 11·5 10.3 59.69 16.6 12 

405 1860.96 10 39 b 12.10 11.8 60.96 22.1 15 

406 1861.51 18 52 b 12·9 11.9 61.51 66.6 55 

407 1863.1 0 4 c 53 41 63.6 4.5 5.7 

408 1864.07 7 34 b 15.15 14.13 64~06 8.8 12 

409 1866.39 66 b 60 5.2 66.44 825 140 

410 1867.94 82 {~ 52 42 67.81 2400 390 
41 3·3 68.12 388 4,7 

'" 1 
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TABLE 1- Continued. 

OBSE RVED DATA CALCULATED DATA 

'" ., Wa ve Intensity Identification Wave Intensity co .D 
.- E 
-I " Number I J~- J~ 

Number 
:z Labor.atory 

I cm-' (vac) Solar I ~ j, 1< 110· ~~~ 11 0 · C 
cm-' (vac) 14- C ItO · C 

only (8 Atrno- 8 At mo-" 

411 1869.25 

r 
90 b 53 41 69.34 7220 1180 

'::0> 

r 412 1870.78 45 b 10;;'5 9_5 70.91 179 80 

413 18760.67 5 11 b 7_1 7-7 76.59 25·0 5·2 
~ 

414 1879.43 0 12 50 b 13_11 12_9 79.40 28.2 26 OM 
-+> a. 

415 1882.3 s.. 0 2 0 
III 

415 1884.63 ~ 36 62 b 6_2 5_4 84.64 243 37 

417 1885.28 
$ 

9 42 b 11_ 6 1°_6 85.36 22 13 Q) ..... 
a. 

418 18t:!9.59 '" 87 lf5 b 6 51 89.60 ' 3715 709 0 
(.) 1 

419 1892.63 2 17 b 12_8 11_6 (92.63) 7.1 .5.8 

420 1893.87 7 25 b 77 75 93.63 52 23 

(- H 85 83 94.99 37 21 
421 1895.27 65 85 62 50 95.27 1230 230 

95 93 95.19 18 14 

422 1897.57 40 5 32 b 14_11 :S_ll (97.57) 8.1 10.4 

423 1898.81 10 0 6 

424 1901.87 75 10 40 b 12 -7 11_7 01.86 22 18 

425 1904.50 99 23 43 b 5 4_4 04.40 159 _21 
0 

426 1908.12 53 82 b 7 
0 

60 08.12 555 128 

427 1910.09 68 87 b 7_1 6_3 09.95 925 186 

428 1914.70 99 3 25 Possibly H 618 
2 b 7 6_1 1 

429 1915.30 1 15 d 6_5 7_7 15.16 0 . 07 0 .10 

430 1918.08 82 b 55 43 18.08 7660 1440 
, 

>'.l 

121 



TABLE 1- Continued. 

OBSERVED DATA CALC ULATED DATA 
., ., Wave Intensity Identif icat ion Wave Intensity c: .0 
.- E Number Number ...J :> . I Laboratory J~- J[ z: 

I em- ' (vae) 
Sblar I . Ir 1< 110" C ~~ 110· C 

em-' (vee) 14° C 110· C 

o"l y (8 Almo. 8 Altno· M 

43:l; 1919·3 4 
.~ 

432 1920.7 3 b 9 -1 9 -7 20.29 9.2 4.6 
99 

433 1922.42 54 b 8_1 7 -1 22·11 665 193 

434 1923·14 63 b 71 6_1 23·14 1490 340 
,-~ 

435 1927.82 30 3 " 

436 1933.09 97 14 b 9_2 8_2 33·23 86 32 

437 1935.24 15 0 20 

438 1937.87 40 0 40 b 8 8_4 37·17 2.8 1.1 
2 

439 1939 .2 15 0 9 b 91 9_5 39.51 4.7 2.1 

1.40 1940.2 3 b 87 85 40.35 8.0 5.8 

G 
10_3 9_3 41.78 86 43 

441 1941.73 23 97 ~ 
41".82 5·0 5 

., 
73 41.89 9·5 2.6 -3 

442 1942.49 ~ 80 (~ 63 53 42.61 3026 660 
64 52 42.86 1009 220 

443 1945.28 42 b 7_3 6_5 45·14 287 51 I 

444 1946:25 39 b 6 5-5 46.24 364 5.5 .J 
-1 ·1 

445 1949.15 70 9 71 b 11_4 10_4 49.28 9·2 6.2 

446 1949.96 10 0 10 b 64 6_2 50·31 2·5 0.5 

447 1950.97 50 0 10 b 61 6_5 51.15 9.5 1.7 .J 

448 1954·99 99 36 97 b 80 7_2 55·02 202 56 

449 1956.25 97 2 75 b 43 3_1 56.24 28.3 3·5 

450 1957.62 75 8 83 - {~ 4-3 5 56.90 0.15 0.17 i 12_5 11-5 57.66 8.1 7.8 -5 
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TABLE 1 - Continued . 

OBSERVED DATA CALCULATED DATA 

'" ., Wove Intensity Ident if icat ion Wove Intensity c:.D 
- E Number I Number --' , 

Lobor,oto ry J~- Jr z 

I em-' (voe) Solor I .,. 1< 11 0· c~~ 11 0· c 
cm-' (voe) 14- C 110· C 

only ( 8 Almo- 8 All'!'lo-'" 

451 1961.19 96 26 95 b 8_2 7_4 61.25 108 25 
f" 

452 19(;6 .36 99 52 99 b 72 62 66 .4~ 469 120 

453 1967.49 99 66 99 b 73 61 67.54 1390 357 

454 1970.0 10 0 52 b 11_1 11_7 69.35 0.8 0.6 

455 1975 ·43 5 2 32 [: 5 6_1 72. 75 0.2 0·3 
SO 

9-9 75.84 0.1 0·3 -8 

456 1976.19 83 3 50 b 52 4_2 76 .19 29 4 

457 1977.6 14 0 8 Pcssi bly H 010 b 65 55 2 
~ 

458 1981.32 40 2 50 e 6_4 7-5 I3C . 83 0. 25 0.45 

459 1982.1 15 1 27 

460 1984.61 33 0 25 {~ 9q 97 84. 40 1.C 1..3 
9~3 9_9 84. 62 2. 2 00 7 

;:; 

461 1988 .53 99 56 99 {~ 44 3_2 87·33 4·3 0.5 
81 71 85.53 570 184 

462 19 92 .06 99 71 99 b 65 5 5 
92 .14 2640 670 

U 
5 70 92 ·50 211 68 

~ 463 1992 . 6 99 66 99 92 8 93·,]1 183 65 -1 6-3 93·35 65 11 I 7_2 -6 
! 

0 e 7 -6 8_7 95.08 0.26 0.5 

464 1995 . 94 94 17 85 b 61 5 _3 98 .94 144 24 

1,65 2000. 90 10 0 20 

466 2CO] .20 8 0 10 {~ 2_1 3-3 02 .96 0.15 0.16 - 1_1 2_1 03·29 0.20 0.17 

0 0 e 5_2 6_3 04 .14 0.31 0.4 

'" 467 2005 ·5 27 0 12 c 65 55 04 .8 1.], 2.7 

468 2007.6 6 95 26 92 b 90 So 07.77 67.5 28 

469 2009 ·3C 93 9 85 b 6_4 7_6 09 .47 37.8 7·9 

~ 470 2012·3 3 0 8 {POSSi b1YH:201S b 75 6 
e 40 5-1 12.29 ~.53 0.7 
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........ ........... ... 

T\BL~ 1- Con t i.r.ued . 

OBSERVED DATA -~LCUL ATED DATA 

'" '" Wave Int ensi t y Identifi cat ion Wove Intensity " .c - E Number Number --' ~ I Jr- Jr z La bor atory 

I cm-' (vac) Sola r j ,;, 1< 110 · c •. ~ 110 · C 
cm-' (va c) 14 · c LLO · C 

only <8 A,,"o· 84',"0- /104 

471 20lb.?:} 73 b 75 63 16.76 1235 377 

472 2018.30 99 50 b 91 8 18.77 202 53 -1 

473 2018·92 34 b 0 8 _j 19.18 93 28 / -3 

474 2022·95 e6 30 95 b 1°_1 9 -1 23 .09 62 .5 34 

475 2026.58 90 10 84 g 70 6_4 26 .79 41.3 8 .J ~ -
53 4-3 27 . 0C 23 . 6 3·1 

476 2030.03 16 0 10 

{: 
11_2 10_2 34 .35 5·B 4.4 

477 2034.03 52 0 4 68 81 8_5 34 .12 0. B7 0. 26 
5_4 6_5 34 . 13 o.bJ 0.82 

478 2037.54 75 j 8 80 b 1°_2 9-4 37.54 15 ·3 7. 0 

n 12_3 11-3 41.1') 4.2 4. 6 
479 2041.35 93 31 70 95 ~ 

7 - 41· 39 384 146 
4 ~ 41. 60 128 48 

480 2043.97 93 9 18 86 b 8_3 7_7 44. 00 102 21 

4i:H 2046.58 70 4- 13 80 b 100 9_2 h.6. 64 20 .8 11 

4tl2 2048.7 ? 0 0 7 e 30 4_1 48. 66 0.71 0. 76 

483 2050 .8 ? 0 0 11 b 84 5 -2 51.0B 
,/ 

0. 37 0.12 

484 2051.49 ? 0 0 18 e 3. 1 4_2 51.33 0. 31 0. 32 

485 2053.06 '{ 0 0 12 

486 2053 .96 ? 0 0 16 {: 4_4 -' -5 53. 84 0. 96 1. 06 
4-3 5-4 54. 47 0. 31 0. 34 

487 2060.55 '( 8 16 80 b B_1 7-5 60 .5) 92 22 .2 

488 2064.90 ? 2" 50 - g 77 65 64. 13>7 &:)0 2-="5 , 
92 82 65.02 46 . 7 22 .4 ,j 

489 2065.83 '( 13 30 b 93 81 65 .91 141 67 .5 

2068.74 -t 22 31 67. 96 0. 60 0·58 49 0 ? 0 3 8 co P(18) 68 .85 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 
x 

., .. Wove Intensity Idenl i f icalion Wove Intensity 
" .D ,- E 

....J " Number I Laboratory J~- J[ 
Number z 

I cm-' (vae) Solar I .,, I~ 110· c).~ 110· c 
cm-' (vae) , ... c 110· C 

en',. (8 Atmo· e Atmo·M 

·f 66 60 72.70 0.17 0.04 
491 2072·9 '( 0 6 12 b 62 5 4 72.68 6.1 0.92 

co P(7) - 73·27 

492 2074.22 '( 0 10 58 (~ 3_2 4-3 73.80 1.24 1.21 
9_5 8_7 74.26 45·1 11.5 

493f, 207703 0 8 14* {e 2 3 76.83 1.12 1.02 
CO o P(6)-1 77.65 

494 2078.61 '( 0 11 60 b 11_1 10_3 713 .67 15 .. 6 11.1 

495 2081.98 ? 0 10 34* {CO p(15) 82.00 
b 10_4 9_6 82.02 8.95 3·40 

49 6 2086.52 'I 0 8 17* {CO P(l4) 86.)2 
b 11_3 10_5 86.52 10.6 6.4 

497 20 87.54 'I 5 13 61 b 101 91 87.54 4).4 28.7 

498 2090.20 '( 16 38 86 g 8 75 90.19 286 130 
1~ 90 90.2 15·1 9.5 

499 2093036 '( - 17 {: 2_2 3_3 93.02 1.64 1 .. 40 
2_1 3-2 93·73 0.53 0.46 

500 2095·29 '( - 23- {: 83 8 95·14 0.90 0.31 
44 4-3 95.28 0.,{2 1.01 3 

501 2097.43 48 - 48 b 9_4 8_8 97.48 14.1 3.53 

502 2100.46 50 - 61 b 9_2 8_6 00.46 13·9 4.20 

503 2103·31 ? *t 1 2 03·13 0031 0.25 
17 CO 1 P(10)0 03.27 

2105.93t 20 b 55 4_1 05.86 5·35 0.77 

504 2106.45t 40 - 29 b 63 5';'1 06.45 14.4 2.52 

.505 2107.47 '( 10 55 b 110 100 07.9 4.25 3.61 

506 2111.59 '/ 13* {d 2 2_1 11.51 0.12 0.10 
CO Ip(8) 11,54 

4499 H 
3_3 2_1 14.28 0.24 0.20 
10 2 14.45 1.01 0.82 

507 2114.86 80? 111 10-1 14.50 12.6 10.7 -1 
95 8) 15.18 107.5 62.5 
2_1 1-1 16.47 0.29 O.2~ 
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TA L3Lc; 1 - Continued. 
, 

OBSERVED DATA CALCULATED DATA 

'" t Wave Intensity Identi f ic at ion Wa ve c: .<> Intens Ity 
- E Number ...J ~ I Number z Laboratory J~- Jr cm-' (vac) Solar J A" 1< 110· c .... ~ 110· C 

cm-' (vac) 14- C I 110 · C 
o,lIy (8 Mmo-. 8 Atmo-.,. 

.)08 2119.48 
.. 

{~O 4 42 19.'07 o •. Hi 0.22 
? 7 1 p( 6) 19·68 

5C9 2121.54 20 - 28 {~ 72 6_2 21.48 6.5 1.37 
42 41 21.73 0·53 0.48 

{: 
32 33 22.]1 1.14 1.23 

510 2122.58 2 - 25 3 32 22.67 0.38 0.41 
3:2 3_1 23·13 0.25 0.22 

511 2124.27 30'? - 62 b 12_1 11_1 24·39 3·1) 3.81 

2125.00 t 10 b 71 6_5 24.87 13·7 2.36 

512 2127.57 ? 5· co P(4) 27.68 

513 2129·54 39 5 

514 2131.58 ? 10. {d 3 2 31058 0.10 0.08 
co -2p(3) .-2 31.63 

515 2136•06 6] ? 9 ]1 96 b 87 77 36.20 135.5 76.8 

.J16 2137.12 5S 0 - 75 {~ 64 5_2 36•86 3.5 0.60 
8 7-3 37·35 18.3 4.83 1 

2138.29t 15 2 0 ? b 10_6 9 -8 38.38 5 . 6 1.88 

517 2139.30 ? 4 ]0 95 b 103 93 39·37 2C 7 .-J. , 19.8 

518 2141·3 ? 0 2 

519 2142. 4 5 0 2 e 2 22 41.94 0.52. 0.47 
1 

520 214.5 .41 52 0 12 n {~ 2 21 44.63 1·57 1.-40 
102 9_7 45.64 20.3 7.8 

-3 

521 2147.38 '{ 0 9 55 {~ 4 3_3 45.68 0.27 0.24 
11-3 10_7 47.42 7.5 3·9 -5 

522 2151. 24 '{ 0 20 {: 21 11 48.10 0.08 0.06 - 51.04 10 11 0.39 0.31 
" 

523 2152 ·58 45 0 - 50 b 10_5 9_9 52.75 16.3 5.15 

524 2154.68 '( 0 ·e 5.5 4-3 54.60 0.25 0.25 
12 CO - R(2) 54.60 
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TA. BLE 1 - Con t inue d . 

OBSERVED lJATA CALCULATED DATA 

'" Wove Inten si ty Ident i f ic at ion Wave Inten sity c 

Number .:j Number I Lab oratory Jr- J[ 
em-' (VO C) 

Solar I Ai, 1< 11'0 - l; ._~ 110· C 
em-' (VOC) 1<4- C I 110 · C 

only (8 AI""o- 8 Al mo· ... 

525 2156 .60 22 0 - 15 b 90 8_4 56.56 5 ·3 1.8 
> 

0.36 526 2158 .26 1 0 6- (~O 4 4 58.22 0.33 - 0RU ) -1 58 .30 

527 2161.75 1 0 - elf b 97 85 61.88 51 36 
T 

526 f162.90t 10 } 0 - 69 g 112 102 62 .90 2.48 2.58 
> 21 63.46 l e:; 

113 101 63 ·46 7. 44 7.73 -' 

529 2165 • .50 '1 0 - 8- [~o R(5 ) 65 . 60 
12_3 12_9 65 .68 0. 05 0.05 

530 2167035 ? 0 - 20 b 13_1 12_3 (67.35) 0. 60 1.06 

531 2l69 .17 1 0 - 6 
.. Co R(6 ) 69. 20 

532 2171.31 151 0 - 15 b 7J 6_3 71.38 10.7 2.12 

.. 
{go ~O 2_1 72.06 0.60 0.49 

533 2172.43 '1 0 - 16 -~ 5-4 72·3) 0. 07 0.08 
~ (7 ) 72.76 

534 2175 .0 9 101 0 - 11 .. 
d 6_5 5_5 75 ·14 0.20 0. 22 

535 2176.4.5 'i 0 - 7 co R(8) 76 . 28 

536 2178.99 '1 0 - 8 d 4_1 3 78.91 0.17 0.16 
-1 .. 

.537 2179. 87 '( 0 - 10 co R(9 ) 79.77 

538 2181.41 '1 0 - 40 b 10_1 9_5 81.61 8.84 3.98 .. 
.53S 2183.33 '( 0 - 6 co R(10) 83. 22 

- 38 {: B 7 85 ·24 2.0 0.42 540 2185 .1J1 '( 0 12° 11-6 85 .37 1·9 2.75 1 1 

? ... {~ 12 11 87.0 0.65 0.92 541 2187.05 0 - 28 102 0 87.04 16.6 15.8 5 95 
542 2189.69 '( 0 - 11 d 7_7 6_5 89.52 0.13 0.16 

• [~O R(12 ) 90.02 541 2190. 4 '( 0 - 8 
7_6 6_6 90.7 0.04 0.05 

544 2191.83 '( 0 - 2 d 32 22 91034 0.086 0.07 
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TABLE 1- Continued. 

OBSERVED DATA CALCULATED DATA 

" " Wove Intensity Ident if ic ation Wove Intensity CD 
- E Number I Number -' " Laboralory Jr- Jr z 

cm-' (vae) 1 cm-' (vae) Solar I A" Ii 11 0· O'""~ 110· C 
14'" C 110· C 

only ( 8 .llmOo- 8 .l''''o-III 

54) 2193.)6 ? 0 9* f d 33R( 13fl 92.66 0.2) 0.22 
CO 93.36 

546 2194·50 ? 0 13 b 11-4 10_8 94·37 2.25 1.11 

547 2196.69 ? 0 5- co R(l4) 96.66 

548 2198.63 'I 0 11 e 2.1 10 98.42 0.40 0.31 
.. 

549 2200.29 ? 0 25 b 11_7 10_9 00.4 5.5 2.23 

550 2201.2 ? 0 4 

551 2202.0 ? 0 2 

552 2203.23 ? 0 4· co R(l6) °3.16 

5.53 2205.19 ? 0 60 b 99 ~ 05·30 19·3 18.1 

554 2206.48 ? 0 25 e 2.2 1_1 06.53 1.74 1.31 

yc; 220B.83 ? 0 16 {~ 20 1 08.65 1.12 0.86 
_ I..; 

11_6 101 08.96 1.88 0.75 -10 

) 56 2209.9 ? 0 5 b 131 12_1 (09.9) 0.42 0.87 

)57 2210.4 ? 0 5 b 82 7-4 10.76 2.38 0.58 

556 2211.50 ? 0 40 {: 115 1°3 11.50 4.B3 6.27 
11_2 10_6 12.65 1.)0 0.79 

559 2214.0 ? 0 8 e 30 21 14.09 0.80 0.70 

560 221403 ? 0 8 

561 2215.80 ? 0 5 

562 2218~48 ? 0 26 e 3.2 2.1 18036 2.00 1.73 

563 2221.87 ? 0 4 d 9·9 8_7 21.96 0.10 0.18 

564 2223.61 ? 0 4 
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TABLE l- Continued. 

OBSERVED DA TA CALCULATED DATA 

'" '" Wave Inten si ty Iden tif ic at ion Wave Inten s ity c: .0 
- E Number I Numb er -' " J~ - J[ z 

cm- ' (voe) 
Laborat o ry 

em- ' (vae) 

I Sot o. I ." t 110· c) _~ 11 0 · C 
14- C 110· C ~ 

only (8 Al mo- 6 Almo· M 

565 2225.84 ? 0 8 { ~ 65 51 25.45 1.55 0 .2 9 
3_3 2_2 25.87 0.72 0.57 

16{ ; 
44 3 27.09 0.07 0.08 

56 6 222 7.30 ? 0 43 32 27.45 0.22 0.24 _3 
63 ;) -5 27.59 0.06 0.07 

567 2231. 01 0 40 b 1° 7 97 31.01 7.10 9 .0 

568 2232 . 9..3 ? 0 10 e 3_1 20 33.13 0 . 55 0.45 

569 2235 . 62 ? 0 25 b 12 113 3 
35.62 1. 30 2. 30 

570 2237.76 ? 0 10 e 4_3 3_2 37.64 0.66 0 . 58 

571 223 8 .30 0 8 

t. Frequency obtained from solar spectrur.; g. probably due to CO 2 ; 
h, this line looks like an unresolved doublet; J. obviously consists 
of several unresolved components; *, intensity variable, due to CO 
contaminant. 

TA BLE 2 . Energy Levels of H2O (em-i) • 

Jr 
V1V2V, 

JT 
V1V2V3 

000 I 010 I 020 000 I 010 I 020 

0 0.00 1594.59 3151.53 4-4 222.04 1817.35 3375.3 
1_1 23.79 16le.41 3175.4 4_3 224.83 1821.63 3381. 9 
10 37.13 1634.94 3196.2 4_2 275.48 1875.42 3438.6 
11 42.37 1640.48 3202.0 4_1 300.38 1907.94 3482.0 

40 315.73 1923.04 3495.85 
2_2 70.06 1664.9,3 3222.06 41 382.49 2004.89 3597.80 
2_1 79.48 1677.07 3237.77 42 383.86 2006.12 35;)8.8 
20 95.17 1693.62 3255.26 43 488.16 2129.60 3746.8 
21 134.91 1742.51 3316.0 ~ 488.17 2129.60 3746.8 
22 136.15 1743.64 3317.0 

5_5 325.36 1920.70 3479.1 
3_3 136.77 1731.92 3289.27 5_4 326.59 1922.80 3482.5 
3_2 142.27 1739.63 3300.1 5_3 399.45 2000.80 3565.5 
3 173.36 1772.30 3334.55 5_2 416.12 2024.24 3598.6 -1 
30 206.28 1813.87 3387.8 5_1 446.50 2054.07 3627.0 
31 212.16 1819.16 3392.90 50 504.00 2126.44 3719.2 
32 285.25 1907.60 3500.4 51 508.79 2130.52 3722.55 
33 285.40 1907.71 3500.5 52 610.12 2251.67 3868.3 

53 610.34 2251. 83 3868.5 
54,5 742.10 2406.24 4052.8 
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TA8LE 2 - Continued. 

Jr 'v 1 V 2V 3 
Jr 

V1V2VJ 

I I 000 010 020 000 I 010 I 020 

6_6 446.71 2041.73 3600.4 9_3 1283.02 2904.82 
6_5 447.24 2042.73 3602.0 9_2 1341.03 2983.43 
6_4 542.87 2146.39 3713.1 9_1 1360.56 2999.45 
6_3 552.92 2161.31 3736.2 90 1475.14 3139.65 
6_2 602.67 2211.23 3784.3 91 1477.46 3141.55 

~-1 648.97 2271.60 3864.8 92 1631.44 3321.0 
0 661.54 2282.56 3873.55 93 1631.58 3321.10 

61 756.76 2398.39 4015.1 
62, 757.70 2399.27 4015.8 

94 5 1810.76 3526.77 
96'7 2009.99 3752.58 

63 888.67 2552.95 4197.4 98'9 2225.56 
64 888.71 2552.98 4197.4 , 3994.39 

65 6 1045.15 2734.24 14411.0 
• 10_10 1114.59 2705.20 4260.7 

7_7 586.28 2180.68 3738.6 10_9 1114.59 2705.23 
7_6 586.43 2181.27 3739.5 10:"8 1293.22 2903.38 

7_5 704.20 2309.89 3879.05 10 1293.80 2904.68 

7_4 709.50 2318.48 3894.5 10-7 1438.19 3058.60 
7_3 782.41 2392.38 3967.4 

10-6 1446.23 3072.95 -5 
7_2 816.65 2440.06 4038.7 10_4 1538.31 3162.53 

7_1 842.36 2462.87 4053.0 10-3 1581.53 3224.80 

70 927.76 2569.66 74187.8 10_2 1616.49 3253.91 

71 931.23 2572.11 4190.8 10_1 1719.36 3383.65 

72 1059.68 2724.15 100 1724.80 3387.67 

73 1059.89 2724.30 101 1875.24 3565.00 

74 5 1216.39 2905.43 102 1875.72 3565.3 

76'7 1394.85 3110.02 103,4 2054.55 3770.95 
• 105 6 2254.55 3997.80 

8_8 744.09 2337.61 3894.4 107' 8 2471.59 4241.0 

8_7 744.14 2337.84 3894.8 109 : 10 2702.09 

8_6 882.97 2490.42 4063.9 
8_5 885.64 2495.25 4071.6 11_11 -10 1327.25 2916.09 4470.1 

8_4 983.09 2595.9 11 • 1525.02 3135.9 -9 
8_3 1006.14 2630.28 4224.8 11_8 1525.31 3136.66 

8_2 1050.20 2670.75 11_7 1690.85 3315.0 
8_1 1122.78 2764.75 4383.9 11_6 169;5.24 3323.55 

80 1131.88 2771.67 11_0 1813.47 3441.22 

81 1255.19 2919.76 11_4 1843.32 3487.59 

82 1255.98 2920.26 11_3 1899.21 3532·75 

83,4 1411.59 3101.28 11_2 1986.08 3650.84 

85 6 1590.70 3306.58 11_1 1999.34 73660.20 

87: 8 1789.09 3531.05 110 2143.01 3832.7 
111 2144.46 3833.86 

9_9 920.20 2512.37 4068.8 112 2322.20 4038.62 

9_8 920.22 2512.50 113 2322.25 4038.70 

9_7 1079.16 2688.26 4266.7 1145 2522.46 4266.05 

9_6 1080.51 2690.73 116'7 2740.73 

9_5 1202.04 2818.40 118' 9 2973.07 

9-4 1216.37 2841.57 1110 11 3216.6 , 
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TABLS 2 - Cont i nued - . 

V1V2V3 J r Jr 
V1V2V3 

000 I 010 T 020 I 000 010 I 020 

12 1558.07 3144.77 
12-12, -11 1774.75 3386.27 

14_2 3101.65 

-10 14_1 3264.2 
12_9 1774.88 3386.53 140 
12_8 1960.38 3587.87 

3266.36 

12_7 1962;60 3592.71 
141 3465.18 
142 3465.4 

12_6 2106.7 143 4 3485. 6 , 
12_5 2124.84 3771.13 
12_4 2205.95 
12_3 2275 .. 65 3940.56 15_15 -14 2358.58 3937. 87 

12_2 2300.94 
15 ' 2631. 6 
15-13,-12 

12_1 ,~434.14 4123.73 -11 2872.56 

120 2437.84 
15_10 2872.9 

121 2613. 26 4329.83 
15_9 3081. 2 

122 2613.49 4330 .0 
15_8 3084. 2 

123 ,.4 2813.94 4557. 87 
15_7 3252. 0 

125 6 3033.17 
15_6 3277.0 

127' 8 3267.2 
15_5 3365.0 

12 ' 3512.8 
15_4 3446.0 

i29 ,10 3767.1 
15_3 3473. 0 

11,12 15_2 3624.0 

13_1~ -12 1806.94 3391.46 
15_1 3628.7 

13 v, 2042.5 3654 .28 
150 3824.8 

-11 
13_10 2042.5 

151 3826.1 

13_9 2247.0 3877.9 152 3 4045. 8 

13_8 2248.24 
, 

13_7 2415. 95 
16 2661.2 4237.5 
16-16 ,-15 

13_6 24~ {)· . ') 16-14,-13 
2953.0 

13_5 2534.14 -12 -11 3211. 5 

13_4 2586.5 
16_10 ' 3437.7 

13_3 2629.54 
16_9 3439.7 

13_2 2748.4 
16_8 3640 .3 

13_1 2756.61 4443.0 
16_7 3657.1 

130 2927.38 
131 2928. 45 464 4 .0 

17 29 81. 5 4554.6 
17-17 ,-16 

132 3 3128. 25 -15 -14 3291.0 

134'5 3348.2 
17_13 '_12 3567.5 

136'7 3584.0 
17_11 ' Jull. 7 

, 17_10 3812.8 

14 2073. 81 3655.74 
17_9 4047.1 

14-14,-13 232 8. 2 3940 .1 
17_8 4057.3 

-12,-11 
14_10 2551.0 18 
14_9 2551.5 18-18 ,-17 

3319.4 

14_8 2740.5 -16 -15 3648. 0 

1~7 2745.5 
18 ' 3940. 8 
18-14,-13 

1~6 2883.5 -12,-11 4201.8 

14_5 2919.5 
14_4 2983.6 
14_3 3085.0 
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TABLE 3. Selies regularities in the P 1.~' Pl,T, PT,I, and Pal branches of V2 

Branch (J+ T) , J' ~ O 
_ 1_ 1_ 2_ _ 3 1_4 -'_5 ·_6 _ 7_1_8 _ 

9 10 11 12 
_ 1_3 1_14_1~1 16 

3,1 6 --- ---- ------- - ------- --- ----- - - - - - ---- 1085. 4 (1066.2) 1051. 28 (1039. 53) (1029.69) 1019. 5 1007. 3 

I 3 ,1 4 --- ---- --. --- - - -- ----- - -- - - -- - 1180. 75 1165. 4 1151. 59 1137, 46 1120. 9 1099, 74 1072. 69 1039. 53 
3 ,1 2 --- ---- --- ---- ----- .-- 1284. 37 1265.42 1244. 18 1218.63 1187. 00 1149. 48 1106. 76 1060. 14 1010. 86 961. 09 
3,1 0 -- - ---- -- - ---- (1379.6) 134~. 39 (1313.64) 1271. 80 1225. 08 1174. 54 1121. 24 1066. 20 1010. 12 953.49 896. 65 
i,1 1 --- ---- 1498.79 1464. 92 (1423. 9) 1375. 09 1320. 09 1260. 38 1198. 22 1135.80 1074. 46 1014. 56 955. 71 897. 77 
I,i 0 (1557.5 ) 1538. 8 1522.67 1507 14!lO. 81 1473. 44 1455. 26 (1436. 7) 1417. 39 1397. 74 1378.04 1358. 06 (1338. 5) 1317. 6 (1296. 7) 1276. 63 1255. 9 
~j 1 --- ---- 1564. 7 1540.1 1517.50 1496. 23 1476. 29 1456.49 (1436. 7) 1417. 39 1397. 74 1378.04 1358.06 (1338. 5) 1317. 6 (1296. 7) 1276. 63 1255. 9 
1,1 2 --- ---- 1505.8 1487.34 1472.0 1459.26 1447. 91 (1436. 7) 1423.90 1409. 94 (1394. 5) (1378. 0) (1361.1) --. ------ 1326. 14 
1,1 3 -- - ---- -- ----- (1569.4) (1538. 8) 1503.55 1481. 33 (1457. 0) 1435. 7J 1416.11 (1397. 7) 1379. 63 (1362. 7) 1344. 04 
i,1 3 --- ---- --- --- - 1457. 09 1429.97 13g9. 16 1362. 70 1318. 97 1268. 40 1212. 28 1152. 44 1091. 24 1030. 58 (970.66) 
i,l 4 --- ---- -- --.- . 1458.24 1436. 72 (14 19.3) 1404. 98 (1394. 5) 1386. 51 1379. 63 1372.28 (1363. 2) 1352. 41 (1340) (1326. 14) 
1.i 5 -- - ---- ------- - -- -- --- 1591. 9 1558.5 (1522. 7) 1489. 23 (1457. 1) 1428. 31 1403.54 1382. 11 (1362. 7) 1345. 51 
1,1 5 -- - -- - - - -- - - -- ---- - - -- 1419.3 1394.50 1368.60 1340.35 1308. 25 1269. 97 (1225. 0) 1173. 76 1117. 71 1058. 69 
i,1 6 ------- --.---- -- - ----- 1419. 3 1395. 81 1373.76 1354. 87 (1340. 3) 1329.90 1323.31 (1319. 0) 1316. 20 
i,1 7 -- -- - - - - -- ---- -------- - --.- --- 1387.55 1363. 17 1338. 56 1313. 64 1287.38 1258. 63 1225.5 (1187.0) 1141. 64 
I ,i 8 --- _.-- -- - - --- -------- - ------- 1387. 55 1363. 17 1339. 55 1317. 04 1296.67 1280. 09 (1268.4) 1257.07 
1.1 9 --- ---- --- ---- ----- --- --- ----- --- ------ 1361. 09 1336. 64 1312.61 1288. 28 1264. 04 1239. 25 1213. 0 1184. 14 
jj 10 -- - ---- --- --- - --- ----- -------- -- -- --- -- 1361. 09 1336.64 1312. 61 1288. 92 1266. 11 1244. 77 1226. 1 
T,I 11 --- ---- -- -- -- - -- - -- -- - - .------ --- - -- - -- ---- ---- 1339. 23 1314. 82 1290. 59 1266.63 1242.90 1219. 1 1195. 41 

I.i 12 - -- ---- - -- ---- -------- - -- ----- --- ------ -------- 1339. 23 1314. 82 1290. 59 1266. 63 1242. 90 1220. 43 
1, I 13 }. - ---- 1320. 90 (1296. 67) 1272. 37 1248. 52 (1225. 08) 1201.55 ii 14 ------- --- ----- - ------- --- - ----- -------- --- -- ---
i ,I 15 }. ----- 1305. 60 1281. 22 (1257. 1) 1233. 31 1209. 79 I.i 16 --- ---- -------- -------- -- -- ----- -------- -- - -- --- ---- - ---

1.1 17 } ------ 1292. 40 (1268. 4) 11 18 --- ---- ---- ---- - ------- --------- -------- --- -- --- -------- ------- --

TABLE 4. Lines in the R3.i, R3.3, Rs .:, and R5,i, branches, pure rotation 

Branch I (J+T) " I 
J"~ 6 

I 7 8 9 10 11 12 13 14 15 16 17 

3,1 0 370. 16 419. 98 472. 54 526. 08 580. 7 635. 3 (690. 3) (744. 1) 799. 11 852. 91 906.32 959.33 
3,3 I 484. 05 545. 55 (616. 4) (696. 7) 784. 54 878. 61 976. 07 
3.1 2 385.06 418. 57 (457. 9) 502. 31 550. 18 599. 82 (650. 5) (703.0) (756) 808. 14 859. 78 910. 77 
3,3 3 506. 96 546.50 5n. 0 (644. 7) (705. 5) 775. 63 854. 66 941. 12 
3,T 4 (457. 0) (472.5) 492. 08 517. 00 547. 89 574. 71 (625. 3) (672.5) (726) (784.54) 840. 36 
3,3 5 566.9 594. 5 625. 25 (659. 2) (696. 6) (742. 6) 794. 01 853. 41 921. 48 
3,1 6 554.82 569.2 (580. 7) (592. 0) 605. 0 620.7 (641. 4) (669. 6) (707) 
3.3 7 (638. 1) (663.0) (688. 0) (713.5) (740. 7) 770. 17 803. 60 841.16 883. 18 
3,l 8 (637. 2) (659. 4) (678. 9) (694. 0) (705. 2) (713. 0) (721. 5) (730. 8) (741 ) 
3,3 9 -- -- - --- --- (729.4) (754. 8) 779. 36 803. 09 R27.80 (852. 62) 878. 9 906. 8 
3,1 10 ----------- (729. 2) (754. 0) 777. 07 797. 65 R14. 61 827. 21 835. 64 (841. 1) 
3,3 11 ----- - -- --- ------- -- -- 813. 97 840. 01 865. 51 890. 14 914.06 937. 40 960. 77 
3,1 12 -- - -------- ----------- 813. 97 840. 01 865. 02 888. 71 910. 17 929. 00 
3,3 13 } ---------- 891.33 918. 52 944. 95 970. 66 3.1 14 ----- -- ---- -----------
3,3 15 } - ---- -- --- 962. 05 990.3 3,1 16 ----- ------ ---------- - -----------

5,3 0 (613.0) (668. 9) (731. 0) 798. 75 871. 36 948.35 (1028. 5) 
5,3 2 (673. 5) (707.4) (748.5) 796. 01 849.69 909. 02 973. 59 1042. 57 
5,3 4 792.2 808.33 827. 80 852. 62 883.89 922. 19 967.00 1017. 9 
5,S 6 ----- ------ 946. 73 959. 78 971.43 984. 2 1000. 35 1022. 0 

5,5 1 769. 1 I 825. 24 887.33 955. 32 1029.69 
5,5 3 841. 97 881. 15 925.05 974. 04 1028. 47 1088. 1 

TABLE 5. Rotational constants for V2 of H20 

Constan t I VtVZVa 

A B C D A DB D o 

cm- 1 crn- 1 cm- i 1O- 4.cm- 1 lC- 4cm- 1 1O-'cm- 1 010 __________________ 31. 12 14. 66 9. 15 56.7 2. 6 0. 4 
000 _______ ____ __ __ __ _ 27. 877 14. 512 9. 285 33 . 7 2. 39 . 25 

-----

WASHINGTON, November 9,1951. 
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