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High Resolution Pure Rotational Spectrum of Water Vapor 
Enriched by H2170 and H,180 

J. KAUPPINEN AND E. KYR~ 

Department of Physics, University of Oulu, 90570 Oulu 57. Finland 

The pure rotational spectrum of a mixture of H,‘“O, H,170 and H,iBO between 50 and 
730 cm-’ was recorded on the Fourier transform spectrometer at the University of Oulu. 
The resolution achieved was about 0.010 cm-’ and the precision of the unblended lines 
was better than 0.001 cm-‘. About 1100 lines were assigned. The measured line positions 
of H,“O and Hz’“0 were compared with the values derived from the rotation and distortion 
constants given in the literature. 

1. INTRODUCTION 

As our previous work (1) indicated, the rotational levels of H,170 and H,180 
in the ground state are known quite inaccurately. In that work we observed the 
strongest lines of H,170 and H2180 because the sample was in natural abundance. 
In the literature there are only a few laboratory works (e.g., (I -5)) concerning 
the pure rotational infrared spectra of Hz”0 and H2180, and they usually cover a 
narrow wavenumber region or the sample is in natural abundance.’ 

We felt there was a need for more extensive laboratory data on H,170 and 
Hzl*O, for example in the field of atmospheric research. There is also a certain 
purely theoretical interest in the accurate rotational spectra of light asymmetric- 
top molecules to test the centrifugal distortion theory. 

Because of these facts we decided to extend our previous work by measuring 
the pure rotational spectrum of water vapor enriched by H,170 and H,‘*O. 

II. EXPERIMENTAL DETAILS 

The interferograms of water vapor enriched by H,170 and H,180 were recorded 
on the Michelson-type Fourier transform spectrometer (9-12) constructed in our 
laboratory. The water sample was from Norsk Hydro with the following relative 
abundances of H2160, H2170, and Hzl*O: 47,24, and 29%, respectively. The whole 
region between 50 and 730 cm-’ was recorded in three parts using beam splitters 
12,5, and 2.5 Frn in thickness. The measurement conditions are specified in Table I. 

The interferograms, typically including 80 000- 150 000 sampling points, were 
recorded out to an optical path difference of about 70 cm, which gives a truncation 
broadening of 0.0086 cm-‘. The aperture broadening was kept smaller than 
0.0080 cm-’ in all cases, thus giving a theoretical resolution of about 0.0098 

’ In addition there are works (e.g., (6-g)) concerning the vibration-rotation bands of H,‘rO 
and H,‘*O. 
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TABLE I 

The Measurement Conditions of the Spectra Shown in Figs. 1 and 2 

Range 

-1 
(cm ) 

Total 

pressure 

(Torr) 

Thickness of 

beam splitter 

(w) 

Filters Windows of Absorption 

gas cell path length 

(m) 

50 - 210 0.8 12 black 
polyethylene 

polyethylene I 

210 - 400 0.5 5 black 
polyethylene 

polyethylene 3 

400 - 730 4.2 2.5 OCLl*, Ll3200-9 KEr 3 

* Optical Coating Laboratory, INC 

cm-‘. The theoretical resolution is defined as the half-width of the line due to the 
convolution of the truncation and aperture broadening profiles. The optical path 
difference was measured by a stabilized single-frequency He-Ne laser (13) partly 
constructed in our laboratory. 

The spectra were computed by the fast Fourier transform of 16 384 points using 
mathematical filtering and phase correction (14) simultaneously. The interval be- 
tween the adjacent spectral points computed was typically 3 x 10m3 cm-‘. The 
line positions were computed directly from the spectral points produced by the 
fast Fourier transform by evaluating the center of gravity of the line in the three 
different ways described in our previous work (1). The wavenumber scale of the 
spectrum was calibrated using the most accurate rotational lines of H,160. 

III. RESULTS 

The results are mainly represented in Figs. 1 and 2 and in Table II. 
Figure 1 shows an overall view of the apodized spectrum recorded in three runs 

under the measurement conditions specified in Table I. In this spectrum the resolu- 
tion is only 0.014 cm-l because of apodization. The intensity scale of the spectrum 
was fixed so that the strongest line in each recording has 100% absorption in that 
scale. In Fig. 1 the line strengths are comparable with each other only within a 
narrow region, because no background correction has been made. The unapodized 
spectra with a resolution of about 0.010 cm-’ were used for assignment and for 
calculating the line positions. Figure 2 shows a part of the unapodized spectrum 
in the extended scale, ve,rifying the achieved resolution of 0.010 cm-l defined as 
the half-width of a weak absorption line. 

Table II gives the observed wavenumbers of H2160, HZ1’O, and H,180 compared 
with the calculated ones. The calculated frequencies of the H,160 lines were 
derived from the rotational energy levels given by Flaud et al. (15) and the cal- 
culated wavenumbers of the H,170 and HzlSO lines were derived from the con- 
stants given by Helminger and De Lucia (16). In order to convert megahertz into 
cm-‘, we used the value 2.997925 x lo8 msec-’ for the velocity of light. 

The calculated relative intensities of the lines were taken from our previous 
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work (1) and they only give rough estimates, especially for the transitions with 
high J values, to help assignment. The intensity of the strongest line of HZ1’O, 
H2170, and H,l*O at 202.686, 201.442, and 200.338 cm-‘, respectively, was set 
equal to unity. However, the line strengths in Fig. 1 depend on the relative 
abundances of H2160, Hz170, and HZ’*0 in the sample. 

The precision of the line position (1, 12, 17) is better than + 10m3 cm-’ for un- 
blended lines with absorption between 20 and 85%. The precision of frequency is 
therefore lower for the lines which are blended or weak or broadened by absorp- 
tion. As an example of blended lines we can give a doublet with the line numbers 
100 and 101. Because of partial overlapping, the observed wavenumbers 96.2133 
and 96.2262 cm-’ of the doublet components are shifted towards each other as 
compared with the calculated wavenumbers 96.2089 ? 0.0019 and 96.2316 
? 0.0018 cm-‘. 

In Table II there are lines which are not clearly resolved in Fig. 1 because of 
apodization. Lower pressures than those given in Table I were also used in order to 
obtain the positions of the lines which are strong and very near each other. 

Because of our earlier work (I), there were no difficulties in assigning all the 
observed lines due to H,160. A majority of the lines of H,“O and H2180 were 
also successfully assigned with the help of the calculated wavenumbers and in- 
tensities listed in Table II. However, as it can be seen from this table, the coef- 
ficients of Ref. (16) fail to predict satisfactorily the line positions of the transitions 
where high J values are involved. Especially when both J and K, are large, the 
difference between the observed and the calculated wavenumbers can be more 
than 1 cm-‘. Despite the application of the Fraley-Rao interpolation rule (Zd), 
some lines remained unassigned until we got more reliable values for the levels 
with high J values. These were obtained in the usual manner by fitting the ob- 
served differences in frequencies to the Watson-type Hamiltonian. The results of 
Ref. (16) were used as the initial values for the parameters. It was also necessary 
to add some higher-order coefficients, e.g., the coefficient of the operator Pi*, 
so that we had 23 parameters in our Hamiltonian. After the first fit it was possible to 
assign additional transitions, which were then included in the fit. This process was 
repeated until practically all the lines of H2170 and H,lsO appearing in the spec- 
trum were successfully assigned. The greatest differences between the calculated 
and the observed wavenumbers after this procedure were less than 0.008 cm-’ 
for both H,170 and H,180 lines. 

We emphasize that the purpose of the fit at that stage of our work was only to 
complete the assignment of the spectrum. The work (19), where more attention 
will be paid to the statistical aspects, such as the weighting of the observations 
as well as the examination of different models, is now going on. 

IV. DISCUSSION 

As Table II shows, we were able to improve considerably the precision of the 
line positions of HZ”0 and H2180 over the whole far-infrared spectral region. 
Further, our preliminary fits predict that the precision of the centrifugal distortion 
coefficients and energy levels can be increased by using our observed data. How- 
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FIGURE 1 -Continued 

ever, in this work we have concentrated on the strongest lines only, but after this 
it will be easy to continue the work concerning weaker lines and higher J values. 

It was a pleasure to find out that the very weak H2170 and H,180 lines 
observed in the natural abundance of water in our previous work were success- 
fully assigned. There is only one very weak “line,” with the line number 111, 
which is probably misassigned. 

The pure rotational spectra of H2160, Hzl’O, and Hzt80 are spread out in quite 
a wide range in the far infrared. The relative changes in the frequencies of the 
lines are large, thus requiring a flexible performance of the instrument. In this 
work we tried to maintain the performance of the interferometer nearly constant 
over the whole spectrum observed. There are, however, certain regions where 
the signal-to-noise ratio is lower than usual, such as the region below 80 cm-’ 

244 245 246 247 
T--~ 

FIG. 2. Extended part of the unapodized spectrum of the mixture of H,160, H,“O, and Hz”0 at a 
total pressure of about 0.5 Torr. The spectrum is transformed from the same interferograms as in Fig. 

1. Resolutionisabout O.O1Ocm-l. The half-widthoftheline473 at244,3429cm-‘is0.010 + 0.0005 cm-‘. 
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and that around 400 cm-l. The transmission of the interferometer was low in these 

regions. This disadvantage could be cancelled by using more than three different 

thicknesses of the beam splitter. 

RECEIVED: January 15, 1980 
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