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Analysis of the high-resolution Fourier transform spectra of th® first decade was carried out in the framework of the
Hamiltonian model which took into account resonance interactions between the seven states, (300), (201), (102), (003), (220),
(121), and (022). Assigned from the experimentally recorded spectrum transitions belonged to the fourihahds, 3v;,

v, + 2v, + v;, and 34, gave the possibility both of obtaining rotational, centrifugal distortion, and resonance interaction
parameters of “appeared” states, (201), (003), (121), and (300), and of estimating from the fit band centers, rotational, and
resonance interaction parameters of the three “dark” states, (220), (022), and €L£2).Academic Press

1. INTRODUCTION are located, the same method, as in our recent contributio
(1-2, was used. Namely, we measured two spectra with dif
In recent contributions1-2) we discussed results of theferent ratios of DO to HDO and HO in the sample. The first
study of high-resolution Fourier transform spectra of th®D spectrum was recorded at a total pressure of 1500 Pa with t
molecule in the regions of location of the,(+ 3v, + vs = 3) percentage of BD being approximately 75% and the path
and ¢/, + 3V, + v, = 2) poliads (the short review of the earlienength being 69 m. The corresponding conditions for the sec
studies of the PO spectra can be found ii)). The present ond spectrum were 1090 Pa, 25%, and 15 m, respectively. T|
study, being the continuation of those analyses, is devotedsignal-to-noise ratio was estimated as about 400 for the fir
the investigation of high-resolution spectrum of the next{  spectrum and 360 for the second spectrum. The line positio
3V, + v3 = 3) poliad of the DO molecule which is mostly were calibrated with those of the,8 from the HITRAN96
located in the region 7500—8300 ci data base. For illustration, some fragments of the recorde
Earlier, spectra of the [® molecule in this region were spectra are presented in Figs. 1-4.
mentioned only in two papers, Ref8—«4), by the strongest
2v, + v; band. In our case, spectra belonging to thre 2 v, 3 HAMILTONIAN MODEL
3v,, v, + 2v, + vy, and 3, vibration—rotation bands were
recorded and analyzed. Experimental details and the Hamiltorp,o . + 3v, + v, = 3) poliad consists of 10 interacting

nian model further used in the analysis of the recorded sp&srational states (300), (201), (102), (003), (220), (121), (022
trum are described in Sections 2 and 3, respectively. Secthmgo), (041), and (060). However, we found that to describe tt
4 and 5 present results of assignments of spectral lines §giprational energies determined in the current study from e>

analysis of results, respectively. perimental data it is not necessary to take into account influence
the states (140), (041), and (060). At the same time, the stat
2. EXPERIMENTAL DETAILS (300), (201), (102), and (003) strongly interact with each other ar

are perturbed by the (220), (121), and (022) states. Really, as w
The sample of DO was purchased from PeKing Chemicaimentioned in the introduction, we were able to assigned line
Industry, Ltd. (China). The stated abundance of deuterium waalonging to the four vibration—rotation bands, 2 vs, 3v;, 3v,,
99.8%. The spectra were recorded at room temperature withrad v, + 2v, + v;. This means that the three last states of th
Bruker IFS 120HR Fourier transform spectrometer (Hefeipoliad, (140), (041), and (060), practically do not exert influenc:
which was equipped with a multipass gas cell with adjustabt® the values discussed in the current contribution vibration
path length, a tungsten source, a GaEamsplitter, and a Ge rotation energies of the (300), (201), (102), and (003) states al
diode detector. The unapodized resolution was 0.01'cand can perturb only the energies of the (121) state. However, :
the apodization function was the boxcar. further analysis showed, the last effect can be neglected in 0
Since the HO and the HDO molecules also absorb in thetudy also (at least, we preferred to sacrifice by taking into accou
region 7500—8500 citl, where the studied bands of the@ possibly two- to three additional vibration—rotation states of thi
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(Vi + 2v, + v; = 3) POLYAD OF D,O 217

TABLE 1
Statistical Information on Bands of the D,O Molecule (First Decade)
Band Band center, our | Band center, (8) | J™%* | KI**® | Number Number of Y | ng® | ng®
in cm™! in em™! of lines | upper energies
1 2 3 4 5 6 7 8 9 10
3y 7852.928 7859.5 10 202 57 19 15 23
2vi + 13 7899.825 7905.1 14 384 127 60 | 43 24
vy + 213 8054.19 8057.2
3 8220.178 8220.9 12 7 278 111 57 32 22
2y + 201 7593.08 7591.5
v+ 2t s 7672.923 7671.9 11 6 196 62 18 17 ] 27
21y + 2v3 7825.395 7824.7 8 4 6 2 2 - -

®n,, n,, andng in columns 8, 9, and 10 are the numbers of energies of upper vibrational states which are reproduced
by the excited state parameters within the accuracie§: < |§| = 0.002 cm*; n, 0.002= |§| = 0.005 cm*, andn,
0.005 = |8 cm™, respectively.

(121) state, which can be perturbed by the (140) or (041) stat(¥)0),|2) = (102),|3) = (220),|4) = (022),|5) = (201),|6) =
for reduction of the number of vibrational states used in t{€03), and7) = (121). “Diagonal” operatorsl” (i = 1, 2, 3,
model). To resume, the Hamiltonian which was used in odr, 5, 6, 7) are the usual Watson’s operatdp (

present analysis took into account seven interacting vibrational
states and had the fofrm

H'=E'+[A"—3(B'+ C)]JJ +3(B'+ CHJ?
He= > [i)(|HT, [1] ! %(_Bi - Cf)‘]iy_ Am__ 333"

i =AY = 8, [J2, 37] — 2853745,
+ HiJe + Hipdsd? + HyJ234 + HJ® [2]
+ [J%, hids + h5J232 + hjd%] + L J¢8
+ Ligd8I2+ Lipdad* + L J832 + L8

WJS+ 1538 + PlJo

wherei, j = 1-7, and thdollowing notations are usedfl) =

' One should expect that an appearance of experimental rovibrational ener
gies with higher values of the quantum numbé&@sndK, than in our present
study will sooner or later lead to the necessity of taking into account the
resonance interactions with the states (140), (041), and (060) also.
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FIG. 1. A small part of the DO spectra showing line assignments in the strongestt2v; band. The spectrum was measured at the pressure of 1500 |
(about 75% of DO, 15% of HDO, and 10% of D), with the absorption path length of 69 m. Lines marked with H are originated from the HDO absorpti
in the sample. One line, marked by *, belongs to the Band.
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FIG. 2. A small part of the region of location of the weak,3and. Some stronB-branch lines of the 2 + v; band can be seen also. The experimental
conditions are the same as in Fig. 1. One of six lines assigned tovth¢ 2v; band (it is marked by *) can be seen also.

The H' = H'" (i # j) are operators of different kinds ofIn turn, the operators which describe interactions between tt
resonance interactions. In this case, the operdtgrswhich states of different symmetriesA¢ andB,) have the form:
describe interactions between the states of the same symme-
tries, have the form: ; ) L o

Hi = Hi" = CliJ, + Ci[id,, J2],Cl,i3,32

Hi = Hi* = Fl+ FlJ2+ . .. + Chalidy, 324+ CHL I J.14
+ FE iy + FEyK[Jiy! J§]+ [3] + CEZK[[Jxa Jz]+y J§]+ + CEZIJX! \]z]+‘]2' t
+ ng ssz + FEyKK[JEyI J§]+ e + CEZKK[[""X! ‘Jz:|+1 J§]+
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FIG. 3. Part of the spectrum showing line assignments for the blended region of th&v, + v;, 2v; + v;, and 3, bands. The experimental conditions
are the same as in Fig. 1.
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FIG. 4. Part of the spectrum in the region where theg Band is located. For the experimental conditions, see Fig. 1.

+ CEZJP{[‘]Xi Jz]+v J§]+‘]2 +o
+ Ci)jxy[\]yn ny]+ + Ci)jxy [Jyu JXy]-H J§]+ T [4]

1

+
0, 2(w;— wy)

1
(k1330105 (k112050 §>[ 205 — (5]

-type terms in the effective vibration—rotation operator (e (
In Egs. [2]-[4] the following notations are uself, = J% — J2 for more det_alls) andz in accordance with the general principle
andJ? = 3 J2 of the vibration—rotation theory6§, should be the value on the

1 L .
As for the first hexadd), the analysis studied in the presen?rder of 5‘20350”"' I t%l2<2|ng_ Into account th_at the difference
tween theE™ and E™* vibrational energies is about 100

bands shows that their rovibrational energies cannot be reppg 1 L

duced with satisfactory accuracy if we do not take into accouff" or_nly (see Table 4 below), it is clear that the resonanc
extra resonance interaction of thep(vs) — (Vi T 2V, *+ interaction between the states (300) and (022) can occur.
2v; = 1) type which is different from the usual Fermi, Darling—

Dannison, and Coriolis interactions (its nature was discussed in 4. ASSIGNMENTS OF TRANSITIONS

detail in Ref. @)). In the present study interactions between the

pairs of the states (201) and (022), (300) and (121), respecAs was mentioned in the introduction, earlier transitions o
tively, are described. One more interaction [in our case, itis thi@e poliad studied in the present poliad were assigned to t!
weak Fermi-type interaction between the states (300) aRd, + v; band only 8-4). In our case, thanks to the high
(022)] should be mentioned also. It originated from the sensitivity of the spectrometer and the possibility of using lon

TABLE 2
List of Transitions Belonging to the 2v, + 2»; Band of D,0
Upper Lower Line position, Transmit., Upper energy, Mean value,
J K, K J K, K, in em™! in per cent in cm™! in cm™!
1 2 3 4 5 6

4 4 0 3 3 1 7958.913 90.7 8115.518 8115.519
5 3 3 7847.989 23.7 8115.519

8 4 5 7 1 6 8048.231 96.7 8412.279 8412.281
7 3 4 7976.220 57.9 8412.280
9 3 6 7752.867 74.0 8412.283
9 5 4 7629.013 97.4 8412.281
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220 ULENIKOV ET AL.

TABLE 3

Experimental Rovibrational Term Values for the (300), (201), (003), and (121) Vibrational States
of the D,0 Molecule (in cm™)?

(300) (201) (003) (121)

I K, K, E A 4 E A4 E A § E A &

1 2 3 4 5 6 7 8 9 10 11 12 13
0 0 0 7852.928 0 8220.178 2 7672.933 -10
1 0 1 7864.603 1 0 791157t 1 0 8232.055 1 1 7684.844 1 -8
11 1 7872230 3 -4 7918.898 1 -2 8238.805 2 0 7694.594 1 -1
1 1 o T874.617 2 -2 7921319 1 -8 8241288 1 0 7697.275 1 -2
2 0 2 7887.475 1 4 7934544 1 0 8255.237 0 3 7708195 1 -5
2 1 2 7893.181 3 -6 7940.058 1 -2 8260.083 1 -1 TR 1 -4
2 11 7900334 1 2 7947.280 1 2 8267.526 2 2 7723.809 2 -3
2 2 1 7923.106 2 -3 7969.154 1 -6 8287.706 1 -5 7752861 1 8
2 2 0 7923545 2 -2 7969.661 1 0 8288.275 2 4 7753340 2 6
3 0 3 7920695 2 5 7967.841 1 -1 8288.749 1 3 7742094 1 1
3 1 3 7924342 4 -2 T9TLTT 1 -2 8291.666 1 0 7747263 1 -6
3 01 2 7938.558 2 8 7985794 2 3 8306446 1 3 7763.238 2 -3
3 2 2 7958.040 2 -1 8006.104 1 5 8323.363 2 4 7788.811 2 10
3 2 1 7960.081 3 -1 8007.870 1 4 8326.023 0 -1 7791085 3 9
3 3 1 8001.189 2 10 8047.030 1 0 8363.278 2 -2 7843432 1 -7
3 3 0 8000612 1 7 8047.009 1 1 8363.361 1 -4 7843487 0 -7
4 0 4 7963434 1 5 8010613 2 0 8331.749 0 8 7785614 1 8
4 1 4 7965454 5 2 8014.107 1 1 8333.261 1 -1 788.804 1 -7
4 1 3 7988.789 2 9 8036.204 2 4 8357427 2 6 7815.053 1 4
4 2 3 8004.265 2 -4 8046.768 2 -3 8370.419 2 -2 7836.325 1 3
4 2 2 8008.945 4 0 8038.748 1 1 8377499 1 1 7842533 2 7
4 3 2 8048415 1 2 8093.811 1 0 8411.795 1 -4
4 3 1 8054.315 1 -2 8094.256 2 -1 8412362 1 -3
4 4 1 8109.808 4 3 8152.897 4 8465.901 4 8042.804 4 2
4 4 0 8109.801 4 9 8152.905 5 8465.907 8 0
5 0 5 8015.268 1 4 8062.472 1 -1 8383.907 1 1 7838216 3 18
5 1 5 8016.269 3 0 8062.796 2 -2 8384.617 1 -2 7840269 4 -8
5 1 4 8050.261 1 8 8097.939 1 8 8419.533 3 5 7878.478 1 2
5 2 4 8061.473 3 -4 8105.426 7 -3 8428479 2 -3 7895.122 2 -7
5 2 3 8074789 2 O 8122724 1 -2 8442579 1 3 7907.798 2 4
5 3 3 8107.979 3 -7 8152516 1 O 8472437 2 -5 7947299 2 2
5 3 2 8114.401 4 -15 8154120 2 2 8474.536 1 -1
5 4 2 8170444 2 -18 8211.792 1 -1 8526.754 2 0 8026.293 2 11
5 4 1 8170.353 2 -14 8211,842 1 -2 8526.844 1 0 8026.401 3 -8
5 5 1 8286419 3 0 8595.297 3 16
5 5 0 8286419 3 4 8505.207 3 14
6 0 6 8076.144 1 5 8123.407 2 -2 8445233 1 0 7899.768 1 14
6 1 6 8076.604 3 -13 8123.586 2 -4 8445.580 1 -6 7899.745 0 0
6 1 5 8121.995 2 2 8169.690 1 5 8491682 1 6 7952491 2 -14
6 2 5 8120201 3 -9 8173486 1 -5 8497.129 2 -1 7965.026 4 -19
6 2 4 8151.004 2 -8 8199.500 2 0 8520603 1 2 7986.491 2 1
6 3 4 8179.589 4 21 8223.088 4 3 8344.976 1 -2
6 3 3 8187.349 2 -5 8227197 1 7 8550.514 2 -1
6 4 3 8243470 2 1 8282.749 3 -4 8599.962 1 0 8098.536 2 -1
6 4 2 8243.106 5 15 8283.162 2 -2 8600.386 2 -1 8098.897 1 0
6 5 2 8357.248 1 -3 8668.465 4 7 8192791 2 2
6 5 1 8357.154 1 -4 8668.465 4 -8 8192.791 2 2
6 6 1 8447015 1 6 8750937 2 5
6 6 0 8447015 1 6 8750937 2 5
7 0 7 8146.127 2 6 8193.496 2 -2 8515.810 0 0 7970337 2 4
701 7 8146.328 3 3 8193.567 3 -4 8515837 1 -5 7970.561 2 2
7 1 6 8250.665 1 1 8573.044 0 2 8036.129 2 4
T 2 6 8207.352 3 -8 8252.682 2 -2 8575.074 2 2 8046.818 2 14
7T 2 5 8288.335 1 2 8610.652 1 1 8077.879 4 -5
7 3 5 8305395 2 3 8629.052 1 0

2 In Table 3,A is the experimental uncertainty of the energy value, equal to one standard deviation in unité of 10
cm™; §is the differenceE®™ — E°, also in units of 10° cm™; A is not quoted when the energy value was obtained
from only one transition.
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TABLE 3—Continued

(300) (201) (003) (121)

E A § E A § E A E A6

2 3 4 5 6 7 8 9 10 12 13
7 3 4 8313533 2 -3 8640.587 2 1
7 4 4 8320199 1 15 8365799 1 -3 8685.487 2 -2 8183.139 3 -2
7 4 3 8366.955 2 -3 8686.918 2 -3 8184154 1 -9
7T 5 3 8402125 2 4 8439442 2 -2 8753.983 5 -4 8277.246 5 7
75 2 8401.911 1 -6  8439.991 2 -1 8754.054 2 0 8277.246 5 -5
76 2 8529.445 3 -3 8836.604 2 2 8388995 1 0
76 1 8520.445 3 -1 8836.604 2 1 8388.995 1 -1
T 7 1 8633.988 2 -3
7T 7 0 8633.988 2 -3
8 0 8 8225219 1 0  8272.787 6 8595.706 0 1 8050.002 1 -6
8 1 8 8225361 1 1 8272817 2 4 8595.684 1 -1 8050.113 1 3
8§ 1 7 8293.055 2 4 8340467 3 -2 8663.330 1 0 8128658 2 5
8 2 7 8295317 2 2 8341408 1 -5 8664.690 1 1 8144979 2 -3
8 2 6 8388.176 2 1 8711.618 1 -3
8 3 6 8399.200 9 -4 8724225 1 0
8 3 5 8412478 1 1 8744.389 2 3
8 4 5 8428134 1 -6  8460.877 2 -2 8783.182 2 -1
8 4 4 8463.802 1 -2 8786.978 1 -4 8282.569 2 8
8 5 4 8534394 1 3 8851.888 1 -1
8 5 3 8535.083 1 1 8852.165 2 -4
8 6 3 8623.925 3 -7 8934575 5 2
8 6 2 8623.925 3 5 8934.575 5 -9
8 7 2 8728.039 4 2 9030.766 3 -11
8 7 1 8728039 4 6 9030.766 3 -11
9 0 9 8361.315 3 -4 8685.023 1 4 8138.800 21
9 1 9 8313.661 3  -16 8361325 10 0 8684910 1 0 8138.840 4
9 1 8 8439.095 2 -6 8762.632 1 -3 8229.878 6
9 2 8 8439.489 2 -3 8763.061 1 1
9 2 1 8497.735 2 -5 8822411 1 -6
9 3 7 8503.950 2 1 8830.040 2 1
9 3 6 8861.014 3 4
9 4 6 8567.785 3 -4 8892.764 4 0
9 4 5 8574440 2 0 8901.083 4 -1
9 5 5 8641.284 1 7 8962.150 3 -4
9 5 4 8642.640 3 6 8963.038 3 -2
9 6 4 8730.563 2 -3 9044.836 2 7
9 6 3 8730516 1 0 9044881 1 6
9 7 3 9141610 2 5
9 7 2 9141610 2 4
1 0 10 8411159 4 10 84580735 1 1 8784731 3 8 8236.786 -4
1 1 10 8411172 1 -3 8459.08¢ 2 10 8783939 3 4
101 9 8546.691 2 -2 8871250 4 -8 8339.843 2 -1
0 2 9 8346.849 2 9 8870980 3 5
1 2 8 8619.361 1 -4  8942.356 -1
10 3 8 8621488 1 6 8946084 1 1
0 3 7 8643.841 1 0 8989154 5 8
10 4 7 8686070 1 0  9013.849 2 2
0 4 6 8698.721 1 -4 9020347 2 -6
9 5 6 8760.055 2 2 9084680 3 -2
16 5 5 8763015 2 2
0 6 5 8849.493 1 -3
0 6 4 8849343 6 15
1mn oo 1 8566.067 12 11  8890.130 3 1
nm o1 u 8566.067 12 16 8891593 1 4 8343.825 9 3
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TABLE 3—Continued

(300) (201) (003) (121)
J K, K, E A ¢ E A 6 E A 6 E A6
1 2 3 4 5 6 7 8 9 10 12 13
11 1 10 8663339 2 -9 8990.283 2 0 8458696 2 -1
ir 2 10 8663.38¢ 7 2 8988.576 0 1
nz 9 8745059 1 1
13 9 8746470 1 -6
i1 3 8 9127.117 2 -2
14 7 9171.280 7
i 5 6 8896.643 2 -2
116 5 8980473 1 O
i1 6 6 8980.867 5
2 0 12 8682214 10 -2 9007.391 -13
2 1 12 8682.214 10 -13 9007.391 13
12 1 1 8789129 1 4
12 2 1 9116417 3 1
122 10 8880.870 2 -6
12 3 10 8880.808 2 -13
12 4 9 8960772 1 O
125 7 9043.980 2 2
13 0 13 8807.603 7 2
131 13 8807.603 7 -3
131 12 8923.823 2 1
13 2 1 9025.627 10
4 0 14 8942.167 4 0
14 1 4 8942.167 4 -3
14 1 13 9067.977 3 3
4 2 13 9067.977 3 -5

path lengths, we were able to assign transitions belongingHowever, linestrengths belonging to these three bands c:
four bands: the abovementioned,2+ v; band, two other increase because of resonance interactions with thet2v,
perpendicular-type bandsp3and v, + 2v, + v; and one band. For illustration, small fragments of the spectra in th
parallel-type band, 3 (one can find some statistical informa regions of location of theid, v, + 2v, + v;, and 3; bands are
tion concerning studied bands in Table 1). Moreover, sonsbown in Figs. 2—4, respectively. We succeeded in assignit
transitions of the 2, + 2v; band, caused by the strong inter278, 196, and 202 transitions to the;3v;, + 2v, + v;, and 3,
action with the 2, + v, band, were assigned also. bands, respectively (other statistical information can be foun
It is interesting to estimate the relative bandstrengths, whighTable 1). Additionally, six transitions of thev2 + 2v; band
may help in a future more detailed study of the considerg¢see Table 2), caused by the strong interaction with the+2
bands. To make such estimations, we compared for the bamgdand, were assigned al$o.
3vy, 2v; + v, 3vs, @andv; + 2v, + v; the “pilot” transitions in
theR andP branches, J + 1)c ., < Jo;and (J — 1)y 4 < 5. DETERMINATION OF THE HAMILTONIAN
Joy With J = 4-8 andK’ = 0 or 1. The result wask,, /1 5,, ..,/ PARAMETERS
la /1 420,00, = 1/10-18/2-3/4-7.
Transitions were assigned on the basis of the known ground-ine positions obtained at the previous step of analysis wel
state combination differences method and the data from Re$ed then for determination of the upper energy levels of th
(7) were taken as the ground state rotational energies. In tMigrational states (300), (201), (003), and (121). We detel

case, we were able to assign 384 transitions W/if\= 14 and Mmined 57, 127, 111, and 62 energies, respectively, which a
K™ = 7 to the 2, + »; band ™ = 10, K™ = 6 and Presented in columns 2, 5, 8, and 11 of Table 3 together wit

J"¥ = 12 K™ = 5in Refs. B) and @), respectively). A small their experimental uncertainties, which are shown in col-
fragment of the spectrum of thes2+ v, band is illustrated in umns 3, 6, 9, and 12, respectively. Obtained energies then we
Fig. 1. One can see strong lines of the 2~ v, band and, for used as the input data in the fit procedure with the Hamiltonia
comparison, one of the weak lines of the, ®and, 7855.1981 , _ _ o _

1 which is located in this part of the spectrum We were able to assign undoubtedly only six transitions belonging to th
cm -, w p p : 2v, + 2v,; band and caused by the strong resonance interaction between f

Lines of the other three bandsy3v, + 2v, + v5, and 31, states (022) and (201), mentioned in Section 3. They are listed in Table
are weaker than the corresponding lines of the 2 v; band. together with the corresponding obtained values of upper energies.
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TABLE 4
Spectroscopic Parameters of the (300), (201), (003), (121), (102), (220), and (022) Vibrational States
of the D,0 Molecule (in cm™)?

Parameter (300) (201) (003) (121) {162) (220) (022)

E TOLT.675(282)  7916.9196(101)  8203.0816(107)  7672.9334(103)  T98T.300(275)  7602.5924(955)  7817.9356(615)
A 14.3544(338)  14.3006(164)  14.0405(163)  17.048606(974)  14.5518(301)  17.4564(108)  16.85793(324)
B 6.95613(697)  7.11270(269)  7.16673(274)  7.312520(330)  T7.18660(489)  7.25372(450)  7.29211(694)
c 461327(393)  4.61952(306)  4.67317(576)  4.606538(157)  A.74389(553)  4.63327(695)  4.69908(575)
Ak10? 11.704(185) 8.0771(820) 6.986(109) 16.8047(976) 9.2534721 21.986 21.986
Aygl0? 19823(720)  -1.8753(723)  -09110(622)  -1.78489(998) 115232421 -2.368 -2.368
A0 0.20667(469) 0.29778(360) 0.34529(216) 0.351951(516) 0.30998376 0.3682 0.3682
103 0.3470859 0.3470859 0.3470859 1.3004 0.3470859 1.3004 1.3004
8;10° 0.1231099 0.12678(157) 0.1231099 0.14750(236) 0.1231099 0.1531 0.1531
Hg10? 1.844992 1.844992 1.844992 8.80 1.844992 8.80 8.80
Hy 510° - 0.245748 -0.245748 -0.245748 -0.629 - 0.245748 -0.629 -0.629
Hjyg10° - 0.0214969 -0.0214969 -0.0214969 - 0.0214969
H;10° 0.00651382 0.00651382 0.00651382 0.0106 0.00651382 0.0106 0.0106
hi10° 0.379064 0.379064 0.379064 1.073 0.379064 1.073 1.073
by 10° - 0.0052887 -0.0052887 -0.0052887 - 0.0052887
hy10° 0.0032263 0.0032263 0.0032263 0.00518 0.0032263 0.00518 0.00518
Ly 107 -0.596454 -0.596454 -0.596454 -3.02 -0.596454 -3.02 -3.02
Lcyr107 0.15158 0.15158 0.15158 0.15158
Ly 107 -0.038484 -0.038484 -0.038484 -(.038484
Lyygl07 0.0005476 0.0005476 0.0005476 0.0005476
L107 -0.00016828 -0.00016828 -0.00016828 -0.00016828
1107 -0.17362 -0.17362 -0.17362 -0.17362
1,107 -0.000083613 -0.000083613 -0.000083613 -0.000083613
Py10° 0.151661 0.151661 0.151661 0.151661

#Values in parentheses are the dtatistical confidence intervals. Parameters presented without confidence intervals were fixed to their initial values |
text for details).

discussed in Section 3. In this case, because information ab@#onance interaction parameters in Table 5 also have reas
rotational energy structures of the three vibrational stated)le order of magnitude. However, we should pay attention t
(220), (022), and (102), of the Hamiltonian [1]-[4] is absenthe absence of thE;***** parameter in Table 5, in spite of the
the problem of the choice of starting values of parametersfect that, in accordance with the general vibration—rotatiol
very important not only for the “appeared” (201), (003), (121}heory @), it should be far from zero. In fact, this parameter
and (300) states, but for the “dark” ones (220), (022), and (102pas varied, and its value was determined to be equal to zero
as well. In our case, the initial values of the pure vibrational result of the fit. The obtained “discrepancy” between th
energiesE', of the Darling—Dennison and Fermi-resonancgeneral theory and the result of the fit can be understood if or
parameters=g, and of the Coriolis-interaction paramete@$  will remember that in our Hamiltonian model we omitted three
were estimated from the preliminary “global vibrational-rotavibrational state of the poliad, (140), (041), and (060). Ir
tional fit” of 23 bands belonged to the= 0,3, 1, 2,3, 2, 3, 4, principle, the first two of them interact with the (121) vibra-
and 5 poliads. Initial values of all centrifugal distortion coeftional state, and the absence of corresponding interactions
ficients of the (300), (201), (102), and (003) states, on the otiee Hamiltonian model leads to some distortions in kept pe
hand, and of the (220), (121), and (022) states, on the otmameters.
hand, were fixed to the values of the corresponding parameterft should be mentioned that the presence of strong resonan
of the ground vibrational state and of the (020) state, respeaateractions between all seven vibrational states considered
tively, from Ref. (7). The initial values of all resonance inter-this study gave the possibility not only to determined rota
action parameters, except for the abovementidak@ndC) tional, centrifugal distortion, and resonance interaction paran
parameters, were equal to zero. eters of the appeared four bands, 2 v;, 3v;, v, + 2v, + vy,
Results of the fit are presented in Tables 4 and 5 and in lastd 3;, but also to estimate band centers, rotational, an
three columns of Table 1. As one can see from Table 4, aflsonance interaction parameters of the three dark states, (22
varied rotational and centrifugal distortion parameters hay@22), and (102), from the fit. In this case, one can see that
physically suitable values which correlate both with each otheonfidence intervals for the fitted parameters of the state
and with rotational and centrifugal distortion parameters of t{{g20), (022), and (102) are small. From this point, those pe
ground vibrational state from Ref7) All the values of the rameters can be called suitable of the concrete Hamiltonie
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TABLE 5
Parameters of Resonance Interactions Between the States of the v, + v,/2 + v; = 3
Poliad of the D,0 Molecule (in cm™)?

Parameter Value Parameter Value Parameter Value
Fermi Type Interactions

F00-102 94.45(104)  FR0-102 0.1968(110)

Fgo0-220 20.0 o020 0.4367(228)

FICTG 2015(184)  FASTIGH 0.6126(234)  FMSTOI0N  -4.948(660)

Favo—oz -4.45(222)

F0102~022 11.0

Fo-o 430 Fro-0z 0.1014(128) F2E9210°  -4.200(246)

F201-003 790 F1-003 0.2875(321) -0 -0.06783(570)
Coriolis Type Interactions

GO~ -10138(615)  CoRT™'10°  0.6128(680)  CH™! _0.45649(890)

cl-m 1.894(151) CIE™0?  -0.771(116) C 1107 0.1199(117)

Cl7™10°  0.2695(244)  ClO2-201107  0.02484(245)  CIZ2'10'  0.2484(396)

C20 _1.1178(546)

o -1.1883(645)  Cop 2107  2.457(126)

COZ-M11g  _1.3478(817)  CUEM19%  1.999(106)

Cl-0s 9958(131)  CI2*M102 -0.957(120) Cori 10" 0.862(152)

CH2-031g  .40545(709)  CI20%3105  0.4946(586)

C3TM0P 1.6447(450)

cro-1 0.8 C0-121102(.17041(726)

CH-12110  _4.5308(274)  C2L1107  5.6497(638) CZO-2I58  (.1849(379)

cr-in 08 Co2-1212  2.339(328) Coix' 710" 10.495(896)

C!2-1211p 2332(111) CYEZ 11103 -7.146(320) CoE™10°  6.189(279)

COR-121102  (,0870(164)

# See footnoted) to Table 4.

model. However, one should remember that (022), (220), aifidne will change a Hamiltonian model [e.g., add into consid-
(102) are the dark states which, in our case, have no reaation resonance interactions with the states (140), (041
experimentally determined rovibrational energies. In principland/or (060)], the dark character (e.g., the absence of expe
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mental energy levels) of the states (022), (220), and (102), cagtions between the seven states, (300), (201), (102), (0O:
lead to some changes of values of the fitted parameters(220), (121), and (022). Assigned from the experimentall
comparison with the values presented in Table 4. Analysis iicorded spectrum transitions belonged to the four band
analogous situations which were modeled with the appear@e + v;, 3v;, v, + 2v, + v;, and 34, gave the possibility both
bands showed that the fitted parameters of such dark states wfagbtaining rotational, centrifugal distortion, and resonanc
be changed to the values (5-1R8) o, whereo are the confi- interaction parameters of appeared states (201), (003), (12
dence intervals of corresponding dark-state parameters. Frand (300), and of estimating band centers, rotational, ar
this point, the statistical confidence intervals of the abovemeamsonance interaction parameters of the three dark states, (22
tioned parameters of the states (022), (220), and (102) from {022), and (102), from the fit.

second part of Table 4 should be considered only as the first
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