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The high-resolution Fourier transform spectrum of the3B@d molecule was recorded and analyzed in the region of the two
lowest D—O overtone bandsyRand 3;. Because of the presence of strong resonance interactions, the influence of the (130)
state on the (200) state, and also that of the (221), (230) states on the (300) sate, was taken into account. Transitions belonging
to the 2; and 3; bands were assigned up 6= 35 in both cases. The sets of spectroscopic parameters and resonance
coefficients obtained from the fit reproduce the “experimental” rovibrational energies of the (200) and (300) vibrational states
with accuracies close to experimental uncertainties 2001 Academic Press
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1. INTRODUCTION line positions were calibrated with those of the@in the
HITRAN 96 database. The accuracy of the unblended lines wa
In this work we continue our study, Refl)( of the high- estimated to be 0.001 crh For illustration, a part of the spec-
resolution vibration—rotational spectra of the deuterated specifsm is presented in Fig. 1. For the;3band, the unapodized
of the HOCI molecule, which is of direct interest because @gsolution was 0.015 cmt and the same apodization function
its important role in the balance of stratospheric ozone in polag for the 2, band was also adopted. The mixed sample ga:
regions (see, e.g.2¢4and references therein)). The subject ghressure 993 Pa and the absorption path length 69 m were us
the present analysis is the two unstudied overtone bands of fh@he measurement. The line positions were calibrated witt
D-O stretching vibration 2 and 31. Section 2 presents thethose of the HO in the GEISA 97 database. The accuracy of the
experimental conditions of our study. Model of the Hamiltoniagnblended not very weak lines was estimated to be 0.002 cm
which was used in the theoretical analysis of experimental da@ overview and a small portion of the spectra of the Band
is presented in Section 3. Sections 4 and 5 are devoted to #pe shown in Fig. 2 and Fig. 3, respectively.
analysis and discussion of the spectra of thedhd 3; bands,
respectively.
3. THEORETICAL BACKGROUND
2. EXPERIMENTAL DETAILS
Since the DOCI is a near prolate asymmetric top molecule
The DOCI sample was prepared as described in BgbY  ith theC type symmetry, all of its three vibrational coordinate
substituting RO for H,O. The spectra were recorded at roomre of theA' type. So all the vibrational-rotational bands contain
temperature with a Bruker IFS 120HR Fourier-transform inte&bsorption lines arising from transitions of two typasandb.
ferometer (Hefei, China), which is equipped with a path lengiiowever, as our further analysis will show, transitions ofdhe
adjustable multipass gas cell. A Gabeam splitter, a Globar type are considerably stronger than those obthge in the 2,
source, and a liquid-nitrogen-cooled InSb detector were useg@d 3); bands. In this work, we were able to assign transitions
For the 27 band, the mixed sample gas pressure and abSO&Ptheatype in both bands.
tion path length were 840 Pa and 87 m, respectively. The un-To the contrary of the fundamental bang Ref. (1), which
apodized resolution was 0.01 chand the Norton-Beer weakwas exactly isolated from the other vibrational bands, bott
apodization function was used in the Fourier transform. Tmﬁe 2)11 and’ especia”y, ]a bands show Strongly perturbed
rotational structures. For this reason, we used a Hamiltonia
1 To whom correspondence should be addressed. model which takes into account the resonance interactions i

233 0022-2852/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.



234 DING ET AL.

1.0 .
| W‘ H N 1.004 W f'\i
0.8 ﬂ | W ' ﬂ
' : Ll |8 o.08 M i l i '
I i | | l [l
3 | il | i I |
0 ‘ )
§ 06 \l B 0.96]
= . £
: - :
§ 04 I | | |
= JH), 5atd
| | | J=20 19 18 17 16 15 14
16 11 18 19 20 | |21 0.92] (3-13—3,
0.2 | | [ I | | |
* l J=16 15 14 13 12 11 10
] 16 17 |, 18 * |19 20 0. 904+—— : . . . T .
(J+1)Dy;1—J01J * *”l Jl ‘ 7704 7705 7706 7707 7708 7709 7710 7711
00—« o+ A I S N
W b
5255 5256 5057 5258 5259 5260 avenumber {cm)

FIG.3. Smallportion of thé?-branch transitions in thes3 second overtone

Wavenumber (cm ™)
band of the DOCI.

FIG. 1. Portion of the R-branch of the 2 first overtone band of the DOCI.
Two sets of transitions are shown. The@and HDO lines are indicated by the

dots and stars, respectively. +H; ‘]z4‘]2 + HBJKJZZJ4 + HEJG
+[35, hi I +h5 3232+ h5J%, +---, [2]
the analysis:

off - and the off-diagonal operatok$”' (v # v') account for the res-
H¥ =) o) (v|H™ [11  onance interactions. As we have mentioned, three vibration:
v coordinates of DOCI molecule are transformed according to th
Here the diagonal operatoks® are the usual Watson’s rota-totally symmetric irreducible representgtion of thegroup. As
tional operators in thé-reduction 6), aconsequence, all resonance interaction blocks have the simil
form and should be written as the sum of two terms:

1 1
VW o__ v v__ T(Rv v 2 “(RVY vy 12 , - ’ ’

1 v vy 12 v 14 v 2172 , ,
+5(B" = CHLy — Ak, — Ajd;d Here H2" and HX describe the resonance interactions of the
Fermi type and Coriolis type, respectively:

— A5 =8y [I2. 37, — 285327, + He I?

HEY = FYV 4+ RV 2+ FYV 02 4+ Ry 34+ -

' 12 ! 2 2
+ Ry 32+ P [92,. 92],

1.00 ,
] +F>?)II)KK[JX2y’ ‘]z4]++"" (4]
0.98 - v’ v’ v [; 2 ' 2
3 | HE = CyYidy + Cyk [idy, I7], +Cyhidyd®+- -
£ 0.96 | " "
£ 0% +Cyy [ Tt + Coag ([ 3+ 3],
B 0.94 4 v’
g g +szJ[‘]Xv ‘]Z]+‘J2+"" [5]
T 002-
] In Egs. [2]-{5] the following notations are usedf, = J7 — JZ
0.90 - andJ? =Y J2
. . . u . . It is necessary to explain here that why we may useAhe
7660 7680 7700 7720 7_1740 7760 7780 reduction of the Hamiltonian [2] in spite of the fact that the
Wavenumber (cm ) difference B — C) is very small [ —C) ~ 0.02cnT]. The
FIG. 2. The overview Spectrum of thevg second overtone band of the answer |S. AS |t fOIIOWS the procedure Of the COﬂStrUCtIOn Of thE
DOCI. effective Hamiltonian of an asymmetric top molecule, R6f. (
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(see also Ref.7), where the problem of reduction of an effeset of parameters from column 3 to predict the energies witt
ctive Hamiltonian was discussed for an arbitrary polyatomibe valueK, = 6, then it will be found that all predicted en-
molecule), the possibility of using th&-reduction depends not ergiesEj; k,=¢,«, Shift from corresponding experimental en-
only on the difference of the rotational constaBtendC, but ergies with 0.0060-0.0080 crh If one includes the energies
also on the values of the so-called parameters of ambi@ljty Ejj k.—s k. in the fit procedure and uses the same number o
(see Ref. §) for details). When an absolute value of the ratifitted parameters as in the previous case, it can be seen th
S«/(B —C)issmall, thereis noreasontorejectthe very efficiethe results of the fit will be considerably worse. Times de-
Hamiltonian’s A-reduction even for a molecule with a smallviation will be over 2 times larger. Even when six extra pa-
value of the differenceg — C). The DOCI molecule just satisfiesrameters are added into the fit procedure (see column 4 ¢
this condition. It can be understood, e.g., with the analysis ®able 2), the results will not be improved. This fact shows the
the quartic centrifugal distortion coefficients. As it follows withpresence of strong resonance perturbation of the rovibrations
Eq. [51] of Ref. @), only one (namelydx) of the five quartic statesEj k,=6 k-

centrifugal distortion coefficients depends on &g/(B —C). To make a conclusion of such accidental perturbations, wi
It means thabyk (and/or related coefficients, etc.) can show made rough estimations of the rovibrational structures of dif-
the anomalous behavior when thereduction is used. However, ferent vibrational states which can be presented in the spec
as one can see, e.g., from Table 2, the valugas very small tral region near 5258 300 cnT. The band centers were taken
in comparison with the values of the parametdr®3, C and from (8), and the values of rotational parameters and centrifu:
even the differenceR — C). In turn, theh-type coefficients are gal distortion coefficients were estimated on the basis of the
small in comparison with the relatgetype ones. All the above values of corresponding parameters of the (000), (100), (020
said allow one to make the conclusion that theeduction of Ref. (1), and (010), (001), Ref.9] states. As a result, we
the effective Hamiltonian is correct for the theoretical study dbund that the mostly possible origin of the perturbations of

the DOCI molecule. the [J, K; = 6, K] (200) states is their resonance interactions
with the states ], Ky = 5, K] of the (130) vibrational state.
4. ANALYSIS OF THE 2v; BAND The values of parameters of the (130) state predicted from ca

culations are shown in column 6 of Table 2. Finally, the fit of

The recorded transitions were assigned using the ground stt¢he energies from Table 1 with the Hamiltonian [1]-[5] leads
combination differences method, and the ground state rotatiot@mthe set of parameters which are presented in column 5 of Te
energies were calculated on the basis of the parameters talien2. Two interacting states were taken into account in the fit
from Ref. (). As a result of the analysis, we assigned 907 traithe center of the; + 3v, band and one of the Coriolis-type
sitions withJ™* = 35 andK[® = 6 to the 2; band. The upper interaction parameters were also fitted. The value of the interac
rovibrational energies of the (200) state were found. They dien paramete€,x was found to be-0.4759(507x 10-3cm1.
presented in column 2 of Table 1. These upper energies wéiee band center af; + 3v; is presented in column 6 of Table 2.
determined as the mean values of some energies obtained fibshould be mentioned that this value, 5327.45(143)%ror-
different transitions which reach the same upper state. Columrebates very well with the result of thed initio prediction, 5324.6
of Table 1 presents the value which is the experimental un- cm2, in Ref. @).
certainty of the energy value, equal to one standard deviation in
units of 104 cm™. The A is not quoted when the energy was 5. THE 3v; BAND
obtained from only one transition.

At the next step of analysis, energies from Table 1 were fit- The 3; band is located in the shorter wavelength re-
ted with the Hamiltonian model of an isolated vibrational statgjon 7670-7770 cmt, and, in accordance with thab initio
Eqg. [2]. It is interesting to mark that, if one omits all the enprediction, Ref. §), it is about 30 times weaker than the;2
ergies with the value oK, = 6, the parameters presented iband. Fortunately, contrary to ther2band, which is cov-
column 3 of Table 2 can be obtained from the fit and the inéred by the stronger bandsg + v3 (band center 5373.9026
tial values of energies can be reproduced with the accuracses 1) and 21(52917226 cn!) of the D,O, Ref. (10), and
closed to experimental uncertainties. For comparison, cal@ (53643 cnr?) of the HDO, Ref. 11), the 3; band of the
lated values of the rotational parameters and centrifugal di3OClislocated far enough from the absorption bands of the con
tortion coefficients, obtained from interpolation of the valuemminants, either BD, or HDO (see Fig. 2). So, although the 3
of corresponding parameters of the (000) and (100) states frband is extremely weak, we were able to assign its 453 trans
Ref. (1), are presented in column 2 of Table 2. One can maintaions with J™®* = 35 andK['®* = 5. The obtained upper rovi-
good correlations between the sets of parameters in columnisr8tional energies of the (300) state are presented in column 2 ¢
and those in column 2. This fact shows that the Hamiltoniafable 3.
of an isolated vibrational state is physically suitable for the de- Theoretical analysis of the rotational structure of the (300)
scription of the rovibrational energy levels with the value ofibrational state was started with thg; k-0 k.=J] Set of lev-
quantum numbeK, < 5. At the same time, if one uses theels. The Hamiltonian of an isolated vibrational state, Eq. [2], was
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TABLE 1
Experimental Rovibrational Energy Values for the (200) Vibrational States of the DOCI Molecule (in cm—1)2

J K, K E A4 J K, K. E A0 J K., K. E A6

1 2 3 4 1 2 3 4 1 2 3 4
1 0 1 5242.1077 4 8 12 1 12 53227972 10 -1 6 2 4 53005883 9 -5
3 0 3 52467552 30 O 12 1 11 53244850 7 6 7 2 6  5307.0929 10 12
4 0 4 52504737 12 2 13 1 13 53347328 4 O 7 2 5  5307.0947 10 -14
5 0 5 52551201 -9 13 1 12 53367004 15 -3 8 2 7 53145261 13 2
6 0 6 52606976 3 2 14 1 14  5347.5851 2 8 2 6 53145332 3 0
7T 0 7 5267.2026 2 14 1 13  5349.8539 -12 9 2 8 5322.8886 10 -1
8 0 8 52746356 16 O 15 1 15 53613532 7 1 9 2 7 5322.8993 3 -9
9 0 9 52829969 10 2 15 1 14 53639486 3 15 10 2 9 53321792 -8
10 0 10 5292.2854 8 4 16 1 16 5376.0372 7 O 10 2 8  5332.1980 6
11 0 11  5302.4998 10 -3 16 1 15 53789760 2 -2 11 2 10  5342.3994 -1
12 0 12 5313.6420 17 5 17 1 17 53916368 10 2 11 2 9 53424253 4 7
13 0 13 53257081 3 -3 17 1 16  5394.9417 16 -3 12 2 11 53535477 2 6
14 0 14 53386996 5 -8 18 1 18  5408.1508 12 -2 12 2 10 53535830 15 9
15 0 15 5352.6164 15 0 18 1 17 5411.8444 4 3 13 2 12 5365.6220 3 -2
16 0 16 53674558 8 -2 19 1 19 54255799 5 -1 13 2 11 53656693 9 -6
17 0 17  5383.2177 11 -3 19 1 18  5429.6818 11 -1 14 2 13 53786255 11 7
18 0 18 5399.9016 1 -2 20 1 20 5443.9227 6 -2 14 2 12 53786884 7 O
19 0 19  5417.5064 0 20 1 19 54484553 11 3 15 2 14 53925563 4 18
20 0 20 5436.0306 11 -3 21 1 21 5463.1805 4 9 15 2 13 53926366 10 -9
21 0 21 54554740 6 -2 21 1 20 5468.1625 3 -2 16 2 15 54074103 13 -5
22 0 22  5475.8349 -3 22 1 22 5483.3491 2 -1 16 2 14 54075180 5 5
23 0 23 54971123 9 -7 22 1 21 54888051 8 6 17 2 16  5423.1940 10 6
24 0 24 55193068 5 3 23 1 23 55044316 6 3 17 2 15 54233278 4 -7
25 0 25 55424139 5 -5 23 1 22 5510.3793 12 -3 18 2 17 54399019 9 -1
26 0 26 5566.4372 2 15 24 1 24  5526.4254 0 18 2 16 54400707 8 O
27 0 27 5591.3707 14 15 24 1 23 55328875 5 0 19 2 18  5457.5356 -5
28 0 28 56172136 4 1 25 1 25 5549.3307 9 -2 19 2 17 54577446 2 4
29 0 29  5643.9678 4 25 1 24 5556.3279 6 4 20 2 19 5476.0954 6 1
30 0 30 5671.6302 3 1 26 1 25 5580.6986 11 -2 20 2 18 5476.3485 4 -6
31 0 31  5700.2006 6 27 1 27  5597.8722 -14 21 2 20 54955786 5 -4
32 0 32 57296759 12 1 27 1 26 5606.0012 2 5 21 2 19 5495.8855 5 -4
33 0 33 57600572 17 8 28 1 28 56235100 3 22 2 21 55159867 1 -2
34 0 34 5791.3431 26 28 1 27 56322333 9 22 2 20 55163540 5 -5
35 0 35 58235276 7 29 1 29 5650.0549 3 23 2 22 55373180 4 -3
1 1 1 5252.0715 3 -9 29 1 28 5659.3937 13 6 23 2 21 55377547 3 -4
1 1 0 52520946 3 4 30 1 30 56775077 8 -1 24 2 23  5559.5732 4
2 1 2 52539004 12 -7 30 1 29 5687.4820 3 O 24 2 22 5560.0875 5 -4
2 1 1 52539748 9 -2 31 1 31  5705.8677 -7 25 2 24 5582.7500 16 2
3 1 3  5256.6649 18 -16 31 1 30 57164977 9 -3 25 2 23 5583.3530 1 O
3 1 2  5256.8003 13 38 32 1 32 5735.1371 12 26 2 25 5606.8482 4 -5
4 1 4 52603416 5 0 32 1 31 5746.4396 14 -8 26 2 24  5607.5526 20
4 1 3 52605578 1 -3 33 1 33 57653104 15 9 27 2 26 5631.8685 5 -5
5 1 5 52649357 8 4 33 1 32 57773090 4 8 27 2 25 56326809 7 3
5 1 4 52652595 7 -5 34 1 34 57963888 2 4 28 2 27 5657.8099 10 O
6 1 6 52704481 2 7 34 1 33 5809.1002 4 -2 28 2 26 5658.7435 1 1
6 1 5  5270.9009 10 -10 35 1 35 58283724 5 5 29 2 28  5684.6693 10 -15
7 1 7 52768781 6 2 35 1 34 58418155 11 -4 29 2 27 56857385 10 -4
7 1 6 52774839 8 0 2 2 1 52838577 6 10 30 2 28  5713.6677 6
8 1 8 52842264 3 0 2 2 0 52838577 6 9 31 2 29 57425286 11 5
8 1 7 52850053 13 -2 3 2 2 52866452 8 1 32 2 31  5770.7693 24
9 1 9 52024921 4 -7 3 2 1 52866452 8 -1 32 2 30 5772.3237 19
9 1 8  5293.4669 15 2 4 2 3 52903632 5 2 33 2 32 5801.3013 10 3
10 1 10 53016778 3 8 4 2 2 52903632 5 -3 34 2 33 58327518 2
10 1 9 53028671 4 1 5 2 4 52950099 11 -2 34 2 32 5834.7069 0
11 1 11 531.7787 7 1 5 2 3 52095.0099 11 -4 35 2 34 58651190 6 13
11 1 10 5313.2065 10 2 6 2 5 5300588 8 4 35 2 33  5867.2974 -7

a1n this table,A is the experimental uncertainty of the energy value, equal to one standard deviation in unité ofrt@d; s is the
differenceE®*P — EC@S also in units of 104 cm™; A is not quoted when the energy value was obtained from only one transition.
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TABLE 1—Continued

J Ko K¢ E A6 J K. K. E A J K. K. E A4
1 2 3 4 1 2 3 4 1 2 3 4
4 3 2 5340.1695 3 0 26 3 24 5656.7697 25 3 7 65 3 5515.8604 19 -1
4 3 1 5340.1695 3 0 26 3 23 5656.7850 -8 8 5 4 5523.2868 15 -1
5 3 3 5344.8158 6 4 27 3 25 5681.8132 -7 9 & b 5531.6411 9 O
5 3 2 5344.8158 6 4 27 3 24 5681.8345 1 10 5 6 55409235 5 4
6 3 4 5350.3909 8 1 28 3 25 5707.8074 -2 1 5 7 5561.1332 4 5
6 3 3 5350.3909 8 1 29 3 27 57346730 6 -9 12 5 8 5562.2702 6
7 3 b 5356.8946 10 -3 30 3 28 5762.4802 10 6 13 5 9 5574.3335 5 -3
7T 3 4 5356.8946 10 -3 31 3 29 5791.2255 12 -2 14 5 10 5587.3255 15 8
8 3 6 5364.3273 4 -6 31 3 28 5791.2717 8 -2 15 5 11 5601.2430 9 2
8 3 5 5364.3273 4 -6 32 3 30 5820.8855 9 8 17 5 13 5631.8579 10 O
9 3 7 5372.6894 3 -3 32 3 29 58209405 16 1 18 5 14 5648.55640 4 -5
9 3 6 5372.6894 3 -3 33 3 31 58514657 8 5 19 5 15 5666.1760 5 -9
10 3 8 5381.9805 6 3 33 3 30 5851.5320 14 O 20 5 16 5684.7231 4 -15
0 3 7 5381.98056 6 2 34 3 32 5882.9651 -15 21 5 17 5704.1970 5 -4
11 3 9 5392.1992 7 0 34 3 31 5883.0453 2 -8 22 5 18 5724.5947 2 -2
1 3 8 5392.1992 7 -1 3% 3 32 5915.4819 -6 23 5 19 57459167 10 O
12 3 10 5403.3469 12 3 5 4 2 54144417 8 -2 24 5 20 5768.1627 18 2
12 3 9 5403.3469 12 1 6 4 3 5420.0151 10 2 25 5 21 5791.3325 14 5
13 3 11 5415.4223 11 1 7T 4 4 5426.5166 7 1 26 5 22 5815.4241 2 -5
13 3 10 5415.4223 11 -1 8 4 5 5433.9467 3 1 27 5 23 5840.4390 9 -9
14 3 12 5428.4260 9 2 9 4 6 5442.3064 4 4 28 5 24 5866.3776 9 O
14 3 11 5428.4260 9 -3 10 4 7 5451.5920 2 3 20 5 25 5803.2376 6 4
5 3 13 5442.3575 10 2 1 4 8 5461.8066 4 2 6 6 1 5618.3114 0
15 3 12 5442.3575 10 -5 12 4 9 5472.9495 10 4 7 6 2 5624.8065 9
16 3 14 5457.2172 22 8 13 4 10 5485.0190 6 -5 8 6 3 5632.2268 3 -5
16 3 13 5457.2172 22 -2 14 4 11 5498.0167 8 -7 9 6 4 5640.5773 10 10
17 3 15 5473.0020 16 -9 15 4 12 55119430 9 4 10 6 5 5649.8526 6 3
17 3 14 5473.0038 12 -5 16 4 13 5526.7946 5 -3 11 6 6 5660.0564 5 12
18 3 16 5489.7166 4 0O 17 4 14 5542.5746 10 6 12 6 7 5671.1850 12 0
18 3 15 5489.7180 12 -5 18 4 15 55569.2800 3 3 13 6 8 5683.2426 3 9
19 3 17 5507.3572 5 0 19 4 16 55769118 13 2 14 6 9 5696.2244 6 3
19 3 16 5507.3592 6 -6 20 4 17 5595.4700 19 4 15 6 10 5710.1332 4 3
20 3 18 5525.9263 7 19 21 4 18 5614.9532 15 O 16 6 11 57249681 T 5
20 3 17 55625.9275 3 -4 22 4 19 5635.3634 15 11 17 6 12 5740.7276 10 -3
21 3 19 5545.4165 4 -14 23 4 20 5656.6970 16 7 18 6 13 5757.4151 16
21 3 18 5545.4232 8 -11 24 4 21 5678.9539 4 -11 19 6 14 5775.0249 8
22 3 20 5565.8376 10 1 25 4 22 5702.1381 5 O 20 6 15 5793.6585 3 -9
22 3 19 55665.8439 10 3 26 4 23 5726.2487 37 21 6 16 5813.0183 5 -7
23 3 21 5587.1827 10 -1 27 4 24 5761.2763 8 8 22 6 17 5833.4036 5 8
23 3 20 5587.1901 2 -7 28 4 25 57772286 2 -4 23 6 18 5854.7112 5 11
24 3 22 5609.4538 10 4 29 4 26 5804.10562 5 O 24 6 19 5876.9406 7 -1
24 3 21 5609.4631 -6 5 5 1 5503.7915 -5 25 6 20 5900.0934 1 -6
25 3 23 5632.6496 1 5 6 &5 2 55093622 7 O 27 6 22 5949.1678 0
25 3 22 5632.6608 7 -11

used in the fit. The initial values of the rotational and centrifu- (2) they can be fitted and reproduced with the accura
gal distortion parameters were predicted on the basis of a line@s only a little bit worse than the experimental uncertain-
interpolation of corresponding parameters of the (000) and (1a®s by the seven parameteEs A, B, C, Ajk, Aj, and
states from Ref.1) and of the (200) state from column 5 ofs; of the Hamiltonian model of an isolated vibrational state.
Table 2 of the present contribution. They are presented Tilne parameters obtained from fit are presented in column
column 2 of Table 4. As the result of the fit, 31 energiesf Table 4. From that column, one can see that these pe
B[ k.=0k.=3] With J™®* = 34 were reproduced by the threerameters are close to the predicted values from column 2 o
fitted parameterskz, C, and A ;, with the accuracies close toTable 4.

experimental uncertainties. The further analysis showed thatC
for the sets of energieE k,=1 k.=3], E[s,Ka=1kK.=3—1], and
Efs ko=2.k.=3-1] (in all, 122 levels withJ™®* = 35),

ontrary to the situation mentioned above, a prediction of
the energy value&;; k,-3 k. and Epj k,=4 k. leads to unex-
pectedly large values of differencas= EPredict _ EeP: where

(1) they are predicted satisfactorily by the parameters oB®®¥ are the energy values calculated with the parameters ¢
tained from the fit of thég}; k=0 k.=J] €nergies; column 3 of Table 4, an&®*F are the “experimental” energies

Copyright © 2001 by Academic Press



238 DING ET AL.

TABLE 2

Spectroscopic Parameters of the (200) and (130) Vibrational States of the DOCI Molecule (in cm—1)2

Parameter (200) (200) (200) (200) (130)
calc. fit.?) fit.) fit.4) calc.

1 2 3 4 5 6
E 5248.6¢) 5241.177136(234) 5241.177703(215) 5241.177220(110) 5327.45(143)F)
A 10.4358 10.442476(137) 10.442280(325) 10.4424937(321) 11.7022
B 0.4756 0.475713(752) 0.475715(714) 0.47571248(137) 0.4762
C 0.4539 0.453999(807) 0.453990(856) 0.45399905(138) 0.4508
Ag x 10% 12.3255 12.19538(358) 12.13656(408) 12.3047(231) 23.9066
Agg x 104 0.246 0.24871(692) 0.24141(498) 0.246641(346) 0.241
Ay x 10 0.00749 0.0074707(221) 0.0074078(325) 0.00747365(411) 0.00758
Sx x 104 0.1457 0.15269(882) 0.19869(934) 0.15282(518) 0.3812
8y x 104 0.000319 0.00032163(542) 0.00027854(554) 0.00032236(415) 0.000357
Hyg x 107 6.84 6.0554(576) 7.1510(694) 10.480(443) 20.47
Hgy x 107 - - -0.3262(829) - -
Hix x 107 - - 0.01557(553) - -
Hj x 1011 - - -0.4131(904) - -
hg x 107 - -0.93569) 10.2210(766) -0.93569) -
hyk x 107 - - -0.03239(244) - -
hy x 101! - - -0.05296(431) - -

aValues in parentheses are the dtatistical confidence intervals.

b parameters obtained from the fit with the omitted stale&| = 6, K¢]. The Hamiltonian model of an isolated vibrational state was
used.

¢ Parameters obtained from the fit of all energies from Table 1. The Hamiltonian model of an isolated vibrational state was used.

d parameters obtained from the final fit of all energies from Table 1. The Hamiltonian, Egs. [1]-[5], which takes into account resonance
interactions, was used.

€ From Ref. 8).

f Obtained from the final fit (see text, for details).

9 Fixed to the value of corresponding parameter of the ground vibrational state.

from Table 3. In order to illustrate this, Fig. 4 shows the plots détions of corresponding parameters of the states (000), (100
dependency of tha-differences on the quantum numbkfor  (010), (020), (200), and (001) from Ref4., @ and Section 3
setsofenergieB; k,=3 k. (plot1) andEp; k=4 k (plotll). The of the present paper. As the result, we found that the mos
plots apparently show the presence of strong perturbation of seitable vibrational state is the (221) one. The predicted val
of the states ], K, = 3, K¢] and, especially, ], K; = 4, K]. ues of the parameters of this state are shown in column 5 «
An attempt to fit the energieB;; x,=3 k] and E[j k,=4,k, to- Table 4.
gether with the other energies in the framework of the model Then all the levels mentioned above were fitted in the frame
of an isolated vibrational state leads to large change ofAthework of the Hamiltonian model, Eq. [1]-[5], which took into ac-
andAg parameters. So one can expect that the resonance inteint the Fermi-type resonance interactions between the stat
action will be the Fermi-type one, and rovibrational states wiif800) and (221). As the result, we determined the set of seven fi
equal values of the quantum numbé&y will have the strongest ted parameters which reproduced the initial energy values wit
interaction. the accuracies close to experimental uncertainties. The param
Concerning a band the rovibrational states of which woutdrs obtained from this fitare shown in columns 4 and 5 of Table -
satisfy the conditions mentioned above, we made rough estird column 2 of Table 5 together with their Statistical con-
mations of rovibrational structures of vibrational states tho$elence intervals. It is interesting that the value 7701.120%tm
may be located closed to the;3band. The initial vibrational (see column 5 of Table 4) of the band center of 2 2v, + v3
parameterso;, X, Yi.» Which are necessary for such rouglis very closed to the corresponding value 7704.9 tpredicted
estimates of the band centers were first calculated from theffiam rough calculations discussed above.
of band centers from the longer wavelength region. The rota-The next step of the study was the analysis of the situa
tional parameters and centrifugal quartic and sextic parametgos with the Epj k,—2 k.=3-2] energy levels. It is interesting
of different vibrational states were estimated from the interpthat both the model which takes into account the interaction
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between the states (300) and (221) and, moreover, the moaledl 5 of Table 4 and of column 2 of Table 5. It should be no-
of an isolated vibrational state do not give possibility to praiced that even adding eight or nine extra parameters into th
dict the values of theE[; k,=2 k.=1-2] energies with a sat- fit procedure will not improve the results in comparison with
isfactory accuracy. As an illustration, the curve Ill in Fig. 4he model discussed above (see columns 4, 5 of Table 4 ar
shows the differencé = EPedic _ E®P. gagainst the value of column 2 of Table 5). This shows the presence of at least on
quantum numbed. Here EPd are the energy values of theadditional vibrational state which strongly perturbs the (300)
E[3,k.=2 k.=J—2] Calculated with the parameters from columns dne.

TABLE 3

Experimental Rovibrational Term Values for the (300) Vibrational States of the DOCI Molecule (in cm~1)2

J Ko K¢ E A6 J Ko K. E A J Ko K¢ E A6

1 2 3 4 1 2 3 4 1 2 3 4

3 0 3 7733454 1 -1 10 1 10 7787998 2 0 34 1 33 8294.501 -2

4 0 4 7737166 2 O 0 1 9 7789.221 6 7 35 1 34 8327.256 4
5 0 5  7741.805 0 11 1 11 7798.078 1 O 2 2 1 7769463 2 -2
7 0 7 7753863 3 0 111 10 7799.537 2 1 2 2 0 7769462 2 -3
8 0 8 7761282 3 1 12 1 12 7809.071 1 -1 3 2 2 7772246 4 -1
9 0 9 7769.625 3 -1 12 1 11 7810.798 4 2 3 2 1 7772246 4 -2
10 0 10 7778.895 0 -1 13 1 13 7820980 1 O 4 2 3 775959 1 1
11 0 11 7789.092 1 1 13 1 12 7822994 2 2 4 2 2 7775959 1 -1
12 0 12 7800212 1 2 14 1 14 7833804 1 0O 5 2 4 7780596 2 0
13 0 13 7812253 2 O 14 1 13 7836.126 2 2 5 2 3 7780596 2 -4
14 0 14 7825219 0 O 15 1 15 7847542 1 1 6 2 5  7786.165 5 4
15 0 15 7839.107 0 O 15 1 14 7850194 2 2 6 2 4 7786.165 5 -5
16 0 16 7853918 0 1 16 1 16 7862.192 1 -1 7 2 6 7792.657 9 4
17 0 17 7869.646 1 -1 16 1 15 7865.200 3 4 7 2 5 7792.657 9 -13
18 0 18 7886296 1 0 17 1 17 7877757 1 O 8 2 7 7800072 3 O
19 0 19 7903.865 1 0 17 1 16 7881.137 2 1 9 2 8 7808.420 1 2
20 0 20 7922350 3 0 18 1 18 7894234 0 O 10 2 9 7817.691 3 0
21 0 21 7941754 1 1 18 1 17 7898.008 1 -2 10 2 8 7817.744 3 -7
22 0 22 7962.070 1 -1 19 1 19 7911.624 0 11 2 10 7827892 3 2
23 0 23 7983.304 1 1 19 1 18 7915.819 1 11 1 2 9 7827.965 -7
24 0 24 8005449 1 0O 20 1 20 7929.927 1 12 2 11 7839.015 -1
25 0 25 8028.507 1 O 20 1 19 7934.560 0 O 12 2 10 7839.125 1
26 0 26 8052474 3 -1 21 1 21 7949.139 2 -1 13 2 12 7851.067 2 0
27 0 27 8077.353 4 -1 21 1 20 7954.232 1 -2 13 2 11 7851.212 5
28 0 28 8103.141 2 O 22 1 22 7969264 1 O 14 2 13 7864044 3 O
29 0 29 8129.834 1 -1 22 1 21 7974.836 -6 15 2 14 7877944 1 -2
30 0 30 8157436 0 1 23 1 23 7990.300 1 1 15 2 13 7878.165 2
31 0 31 8185.937 3 -4 23 1 22 7996.394 13 16 2 15 7892.771 2 -2
32 0 32 8215350 7 O 24 1 24 8012.242 1 -1 16 2 14 7893.036 0
3 0 33 8245.660 0 2 24 1 23 8018.854 3 2 17 2 16 7908.523 2 -2
34 0 34 8276.867 -2 25 1 25 8035.097 1 O 17 2 15 7908.840 2
11 1 7738.507 3 25 1 24 8042254 1 1 18 2 17 7925195 2 -5
2 1 2 7740339 2 1 26 1 26 8058.869 1 -1 18 2 16 7925.572 2
3 1 3  7743.088 0 26 1 25 8066584 0 1 19 2 18 7942798 2 -2
4 1 4 7746.754 2 -1 27 1 27 8083.529 2 -2 19 2 17 7943.232 0
4 1 3  7746.976 0 27 1 26 8091.844 2 1 20 2 19 7961.322 1 -1
5 1 5 7751339 1 0O 28 1 28 8109.108 3 -1 20 2 18  7961.819 -3
5 1 4  7751.664 6 28 1 27 8118030 0 -1 21 2 20 7980.764 4 -4
6 1 6 7756.838 4 0 29 1 29 8135594 3 0 22 2 21 8001132 2 -4
6 1 5 7757.303 1 O 29 1 28 8145.144 2 -2 22 2 20 8001.784 -5
T 1 7 7763252 2 -2 30 1 30 8162.986 0 23 2 22 8022410 -15
7 1 6  7763.873 2 -1 30 1 29 8173184 1 -4 23 2 21  8023.167 1
8 1 8  7770.592 5 31 1 31 8191283 2 0 25 2 24  8067.775 7
8 1 7 7771.387 5 4 31 1 30 8202.151 2 -4 26 2 25 8091.821 2 1
9 1 9 7778833 4 -2 32 1 32 8220484 1 -1 27 2 26  8116.790 -1
9 1 8 7779829 2 O 33 1 32 8262855 1 0 28 2 27 8142681 2 O

a1n this table,A is the experimental uncertainty of the energy value, equal to one standard deviation in unit§ ofrtd;
is the differenceE®*P — EC@lC also in units of 103 cm1; A is not quoted when the energy value was obtained from only one
transition.
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TABLE 3—Contiuned

J Ko K. E A S J K. K. E A S J K. K. E A S
1 2 3 4 1 2 3 4 1 2 3 4
20 2 28 8169.487 2 -2 28 3 25 8191.324 4 -4 26 4 23 8208.040 3 -3
30 2 29 8197212 2 -2 29 3 26 8218176 2 27 4 24 8233.014 -5
31 2 30 8225.855 -1 30 3 27  8245.934 -7 28 4 25 8258911 -5
32 2 31 8255417 -2 31 3 28  8274.629 T -2 29 4 26 8285731 2 -4
3 3 0 7820725 -3 32 3 29 8304.247 2 -4 30 4 27 8313.466 -10
4 3 1 7824.439 1 2 33 3 30 8334.773 5 8 5 3 8004215 7
5 3 2 782071 3 -2 34 3 31 8366.216 3 9 5 4  8012.532 5
6 3 3 7834635 1 -1 4 4 1 7892.358 8 2 10 5 5 8021772 1 2
7 3 4 7841125 1 -1 5 4 2 7896984 2 -4 11 5 6 8031936 1 0
8 3 5 7848543 2 0 6 4 3 7902542 2 -4 12 5 7 8043.026 -1
9 3 6 7856.887 1 0 7 4 4 7909.029 -1 13 5 8  8055.040 -1
10 3 7 7866156 2 -2 8 4 5 7916438 2 -3 14 5 9  8067.978 -2
11 3 8 7876354 1 -1 9 4 6 7924774 2 -3 15 5 10 8081.842 1 0
12 3 9 7887480 2 1 10 4 7 7934038 1 -2 16 5 11 8096625 1 -3
13 3 10 7899.529 2 O 11 4 8 7944229 1 0 17 5 12 8112337 3 0
14 3 11 7912505 1 -1 12 4 9 7955345 3 2 18 5 13 8128970 1 O
15 3 12 7926409 1 1 13 4 10 7967383 1 0 19 5 14 8146524 1 -2
16 3 13 7941.237 0 O 14 4 11 7980348 1 0 20 5 15 8165.000 6 -5
17 3 14 7956.994 2 3 15 4 12 7994242 1 3 21 5 16  8184.406 1 -1
18 3 15 7973673 1 2 16 4 13  8009.062 7 7 22 5 17 8204732 2 1
19 3 16  7991.276 1 -1 17 4 14 8024800 3 5 23 5 18 8225982 2 3
20 3 17 8009.808 1 1 18 4 15 8041462 0 1 24 5 19  8248.148 0
21 3 18 8029263 2 O 19 4 16 8059.053 3 3 25 5 20 8271.241 1
22 3 19 8049643 1 O 20 4 17 8077567 2 3 26 5 21 8295254 1 1
23 3 20 8070947 2 0 21 4 18  8097.004 1 2 27 5 22 8320185 2 -3
24 3 21 8093175 2 -1 22 4 19 8117365 1 1 28 5 23 8346.042 4 -2
25 3 22 8116328 1 -1 23 4 20 8138650 2 0 29 5 24 8372.822 0
26 3 23 8140.402 -4 24 4 21 8160.857 1 -1 30 5 25 8400521 0 1
27 3 24 8165405 3 0 25 4 22 8183.988 2 -1
TABLE 4
Spectroscopic Parameters of the (300), (221), and (230) Vibrational States of the DOCI Molecule (in cm—1)2
Parameter  (300) (300) (300) (221) (300) (221) (230)
calc. I 11 11 i) I 111
1 2 3 4 5 6 7 8
E 7726.80 7727.887630(728)  7727.887477(368)  7701.120(554) 7727.3640(400) 7698.806(237) 7765.9829(626)
A 10.1481 10.166330(271) 10.1650038(974) 11.0598 10.155180(674) 11.0598 11.3735
B 0.4751 0.47505354(497) 0.47506882(127) 0.4731 0.4754636(153) 0.4731 0.4755
c 0.4530 0.45286011(420) 0.45285099(108) 0.4469 0.45304263(888) 0.4469 0.4497
Ak x 10% 11.676 11.676 11.676 19.408 11.676 19.408 22.652
Agg x 104 0.242 0.29042(516) 0.242 0.239 0.242 0.239 0.219
Aj x 104 0.00747 0.0072345(263) 0.00747 0.00769 0.00747 0.00769 0.00760
Src x 104 0.150 0.150 0.150 0.331 0.150 0.331 0.280
8y x 10% 0.000368 0.0002854(230) 0.000368 0.000350 0.000368 0.000350 0.000328
Hy x 107 10.97 10.97 10.97 14.08 10.97 14.08 19.12
Hggx 107 - - - - - - -
Hyg x 107 - - - - - - -
Hyx 1011 - - - - - -
hx x 107 - - - - - - -
hyg x 107 - - - - - - -
hy x 1011 - - R - . .

aValues in parentheses are the dtatistical confidence intervals.
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509 A x10%cm” [J, K >1 K] states would perturb with the analogous
45 manner not only theJ, Ky = 2, Kc = J — 2](300), but also

] the [J, Ky = 2, K¢ = J — 1](300) rovibrational states. In this
40 case, an improvement of the situation with theK, = 2, K. =
35 J — 2] (300) states will be accompanied by getting worse with
20 the [J, Ky = 2, Ko = J — 1](300) states. As the result, only

] I the [J, K} =0, K{ = J](vivov3) rovibrational states of an
251 additional vibrational state{v,v3) may be a possible origin of
20 4 perturbations of the], K, = 2, K, = J — 2](300) states.

1 As the rough calculations of the band centers discusse
15‘_ I above showed, the (230) band may be considered as a Vv
104 brational state which strongly perturbs th K, = 2, K, =
5] J — 2](300) states. Finally, the)] K, = 5, K = J — 5] (300)

] I states were also added, and the fit of all “experimental” ener
o+r——rrrrrTrTrTrTT T gies of the (300) state was made with the Hamiltonian [1]-[5],

4 6 8 10 12 14 16J18 20 22 24 26 28 30 32 which took into account three interacting vibrational states. A

total of 222 energies were fitted with the 16 parameters. The:
FIG. 4. Dependences of tha-differences against the quantum numbBer are presented in columns 6, 7, and 8 of Table 4 and column 3
The real values ofA-differences are marked by dots, squares and trianglqyple 5.
for A% E[J Ka=akd ~ EffKaakg &= Elke=a ke ~ EffKa=ak: 39\ pelieve that the sets of parameters determined in th
= E[J Kaz2.Ke=d—-2] — E[5Kaz2,Ke=J—2]» FESPECtively. See text for details. . . .
a=2Ke= a=2Ke= present study from the fit of experimental data are physically
meaningful because

(1) they reproduce the initial experimental data with the ac-
L,’lraC|es closed to experimental uncertainties (see columns 4 |
nTables 1 and 3);

(2) the sets of spectroscopic parameters of the (200) and (30(
vibrational states determined from the fit are well correlated with
the sets of corresponding parameters of the relative states (00
and (100) from Ref.%).

To make the picture of this resonance interaction clearer
the following preliminary consideration is important.
principle, the set of the stated,[K; =2, K. = J — 2] can
be perturbed by any from corresponding selsK, = k, K{]
(k is fixed) belonging to some other vibrational state. How
ever, since the J, K, = 2, K = J — 1](300) states are not
perturbed, they cannot bel[K] > 1, K/] states. Because
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