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The v, andv; bands of B'BO and thev, band of *BO were observed by using an infrared diode laser spectrometer. The
DBO molecule was generated by an ac discharge in a mixture of BGlO,, and He. As inferred previously, a strong Coriolis
interaction was in fact found to take place betweenithendv, + v5 states, and an analysis of the observedpectra, which
explicitly took into account this Coriolis interaction, predicted the pure rotational transition frequencies of DBQvjrsthte.

Pure rotational lines were then detected by microwave spectroscopy, confirming the validity of the infrared assignment. In the
microwave experiment DBO molecules were generated by a discharge in a mixtugPoaBd O.. The three fundamental

bands and a hot band of'BBO, as well as the, and v, bands of B°BO, were subsequently recorded in emission with a
Fourier transform infrared spectrometer. DBO molecules were generated by the reactigrwdh HBO at temperatures

above 800°C in a ceramic tube furnace. All of the observed spectra were simultaneously subjected to a least-squares analysi
to obtain molecular parameters in the ground,v,, v5, andv, + v; States. The results thus obtained improved the force field

and molecular structure of the HBO/DBO molecules reported in a previous study (Y. Kawashima, Y. Endo, and E. Hirota,
1989,J. Mol. Spectrosc133, 116—127). © 1998 Academic Press

I. INTRODUCTION Recently the infrared emission spectra of HBO and DBO we
recorded in the region from 350 to 3600 chusing a Fourier

The transient molecule HBO is linear and isoelectronic wittiansform infrared spectrometer at a resolution of 0.01 tm
HCN, and it is quite interesting to compare the properties of tf@). We have completed the simultaneous analysis of all of tt
two species. HBO and its derivatives, suchX0, with X observed spectra of DBO by explicitly taking into account th
denoting a halogen atom, seem to be much more reactive tigdigcts of the Coriolis interaction.
their sulfur analogues; the parent molecule of the sulfur series
HBS was studied by microwave spectroscopy in as early as Il. EXPERIMENTAL DETAILS
1973 (1), whereas the detection of HBO was not possible until
1986. Kawashimat al. succeeded in observing thg band of The infrared diode laser spectrometer used was the same
HBO by using a discharge-modulated infrared diode las#rat reported earliers( 7). The glow discharge cell employed
spectrometerd), and the rotational spectra were measured natas made of a 1-m-long glass tube 65 mm in inner diamete
only in the ground vibrational state but also in thg v,, 2v,, The effective path length was chosen to be about 10 m usin
and v, excited states with a millimeter-wave spectrome8r ( White-type multiple reflection configuration. DBO molecules
They extended the microwave observations to several isotopiere produced by an ac discharge in a mixture of BB}, O,,
species in order to determine the equilibrium molecular struand He. The optimal conditions for the production of DBC
ture as well as the harmonic and the third-order anharmoniere attained when the partial pressures of BOL, and He
force constants4). It should be noted, however, that althoughvere 60, 120, and 4000 mTorr, respectively, and when a tra
the rotational transitions in the, state were observed clearlyof O, was added to this mixture. Source frequency modulatic
for HBO (3), it was not possible to detect them for DBOwas employed instead of discharge modulation because neit
Kawashimaet al. (4) ascribed this failure to observe thg precursors nor products absorbed strongly in the frequen
satellites for DBO to the Coriolis interaction between the region scanned. The observed wavenumbers were calibra
and v, + vy states; the energy difference between the twasing the NO v, band, the CQ v; band, and the CO funda-
states was estimated to be about 200 tfior HBO, but to be mental band in the 2250 cm region @) and the NH v, band
as small as 10 cmt in DBO. in the 1600 cm? region @) as wavelength standards, and :

In the present study we have extended the infrared observaeuum-spacet&on was used as an interpolation device. Th
tions with a particular focus on the detection of thieband of spectrum of B°BO was observed in natural abundance.
DBO. We have supplemented the infrared measurements byrhe source—frequency modulation microwave spectrome
observing thev, satellite lines by microwave spectroscopyemployed was described in detail in Refs§0( 11). The reac-
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tion of BCl; with a mixture of H, and O, yielded a spectral ‘

intensity of HBO approximately one-third as large as the %‘]([(\1‘1&)'-‘('0'0'0])‘ T T T T T

reaction of BHg with O, and thus could not be employed to

observe weak rotational transitions in the excited vibrational

states lying as high as 2000 ¢ Therefore, DBO molecules

were generated by an ac discharge in®B8and O, mixture

directly inside a free space absorption cell which was 100 mm

in diameter ad 1 m inlength. The observed spectral intensity

reached a peak when the partial pressures,bi;Bnd O, were

10 and 20 mTorr, respectively, and the discharge current was

40-50 mA. e e —————+
In the Fourier-transform infrared emission experiments car- 605

ried out at the University of Waterloo, DBO was generated in

a high-temperature reaction of HBO with,[@as. The parent FIG. 1. A detail of the Fourier transform infrared emission spectrum o

molecule HBO was produced by heating boron in a ceranf80 in the fundamental bending region. A portion of Qéranch is labeled

tube furnace: the chemistry of the HBO formation is describd®] te (070)~(000) transition of the BBO isotopomer. The spectrum was

. . recorded with a liquid-helium-cooled Si:B detector at a resolution of 0.0

in more detail in a separate repof?f. Two tantalum boats .1

containing 10 g of amorphous boron were placed near the

middle of a mullite (3A}0; - 2Si0,) tube. The tube was sealed

with KRS-5 windows at both ends and evacuated throughcfose to a parallel band of a linear molecule, they did not fit th
pumping port. predicted pattern exactly. This observation indicated thatthe
The central 50-cm portion of the tube was housed in Qate is perturbed by another vibrational state, possibly by t
high-temperature furnace (CM Rapid-Temp) and was heated,gt+ ., state, as presumed in a previous study, @nd as
arate of 5°C/min up to 1200°C. A Ge-coated KBr heam Sp”tt%ﬁggested by the energy diagram of DBO shown in Fig_ ‘
was used for all the runs. To reduce the contamination frofherefore, the observed spectra were analyzed by includi

atmospheric water and carbon dioxide, the region between Bfgective Coriolis interaction Hamiltonian matrix elements o
tube and the spectrometer was purged with dry nitrogen. the following form,

Once the infrared emission from HBO was observed (starting at
830-850°C), deuterium was introduced into the tube fumagg + 1 v, — 1,1, J|H, v, Vi, | = 1, )
through a gas inlet. A slow pumping speed was maintained
throughout the experiment. DBO spectra were recorded at a = Bel& [(@ 05)"? + (04 w) V][ (vs + 1)
resolution of 0.01 cm* from 350 to 700 cm* with a liquid- X (v |+ DIYIT I+ 1+ D]Y22,
helium-cooled Si:B detector and from 1400 to 2600 ¢with a

liquid-nitrogen-cooled HgCdTe (MCT) detector. The wavenumynhere B_ denotes the equilibrium rotational constag’ the
ber range measured by the detectors was narrowed with apRifiactive Coriolis coupling constant between the nondegent
priate bandpass and redpass filters. Each spectrum correspondg{Q (v,) and degenerate (v, + vs) states, ando, and

. . L] S
a Fourier transform of 40 coadded interferograms. The Speqi@yesent the vibrational energies of the two states, resp
were calibrated using vibrational-rotationdB)( and pure rota- tively. We employed this general expression by setting: 0

tional lines (4) of HCI, which was present as an impuirity. v, = 1, andl = 0, namely the matrix element equal to
Details of the DBO emission spectra are given in Figs. 1—

for the v;, v,, andv; bands, respectively. Both of the naturally,
abundant boron isotopomers® 80.1% and°B 19.9%) were
detected. All three fundamental bands as well as several hot = Bl [(0/ 05)"? + (05l 0)"?I[I(I + 1)/ 2]"2
bands were assigned for the major isotopom&B, and two
of the three fundamental bands were observed for the minfhe adjusted parameters were chosen to be the band oyidire

5 10 15 20 25 30 35

Intensity (arb. units)

610 615
Wavenumber (cm™)

ve=1,v,=0,1=0,J|Hlve=0,v,=1,1 = £1, J)

D'°BO species. rotational constanB, of the v, state, the effective Coriolis cou-
pling constant, and the energy difference betweemilzadv, +
111. SPECTRAL ANALYSIS AND RESULTS vy States. The ground state parameters and rotational and cen

ugal distortion constants were fixed to the previously reporte
Lory and Porter 15) reported thev, fundamental band of values 8), and rotational and centrifugal distortion ahtype
D'BO in a low-temperature matrix to be at 2259 ¢mBy doubling constants of the, + v state were estimated from the
referring to this value, the region from 2220 to 2300 ¢rwas constants of the,, and v; fundamental states.
scanned by using the infrared diode laser spectrometer, and 18/e then checked the assignment of the infrared spectra
lines were observed. Although these lines exhibited a patteybserving rotational transitions. The infrared results predicte
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P_(@0D-(00) D'BO . . : . from 1610 to 1630 cm®, where four lines were observed anc
R T T S T TR S R assigned to the, band of 3'BO.
Forp-oro p'so Subsequently the, v,, v, and v, + v — v, bands of

R e B D'BO and ther, band of D’BO were observed in emission

P (001)-(000) D"BO (e-e, £-0) using the Fourier-transform infrared spectromets). (The

#  m o2 n o » w2 spectral lines thus observed were assigned based upon
infrared diode laser and microwave results. The emission me
surements extended the infrared data set to Bjgh approx-
imately 400 rotational—vibrational lines.

All of the infrared and microwave transitions observed fo
DBO are listed in Table 1 with the assignments. We analyze
w | ‘ all of the observed data simultaneously by the least-squal

; W Wy method. The microwave transitions were weighted—10°
. . . more than the infrared transitions in accordance with the pr
1580 1585 1590 1595 1600 cision of each measurement. The adjusted parameters inclu
Wavenumber (cm’) vibrational frequencies, rotational and centrifugal distortio

FIG. 2. A detail of the Fourier transform infrared emission spectrum o?onStamsl'type doubling constants of the ground, v,, v3,

DBO. P-branch lines arising from the (001)~(000) fundamental transition a@Ndv, + v; states, and the effective Coriolis coupling constan
shown for both B'BO and D°BO. P-branch lines for the (01)-(0%'0) As shown in Table 2, the present results are in good agreem

vibrational band of B'BO are also indicated. The spectrum was recorded witlyjth the microwave data previously reported #),(whenever
a liquid-nitrogen-cooled HgCdTe detector at a resolution of 0.01cm a comparison is possible

Intensity (arb. units)

Table 3 summarizes the spectroscopic data obtained
thed = 6 < 5 andJ = 3 < 2 transitions of B'BO in thew, far for the less abundant isotopic specieS’BO. The v,
state to appear at 372 865 and 186 423 MHz, respectively, 4i#nd of this species was analyzed in a way similar to tf
they were in fact observed at 372 865.852 and 186 422.69@se for B'BO, but because the observed data were limite
MHz, respectively. The observed lines are listed in Table gnly the band origirv,, rotational and centrifugal distortion
with their assignments. constants of the ground and, states, and the effective
A number of absorption lines remained in the region frorroriolis coupling constant were chosen as adjustable para
2220 to 2300 cm' and most of them were assigned to the ©ters. Table 2 shows that the vibrational frequency observ
band of D°BO. We again found for this species that fivdor the v, + v3 sEzathe of O'BO, 2262.96084 (81) ci, is
P-branch transitions could not be fitted unless we took inf§gher by 6.9 cm* than the sum of the;, and »; funda-
account the Coriolis interaction of, with 1, + 5. The mental states, 2256.05232 ¢ This shift of the vibra-

infrared diode laser observations were extended to the reglé#nal frequency obtained for BBO was transferred to the
v, + vy state of O°BO, where thev, frequency was as-

A
|R (lml)) . (000? D B(|) T T T 1 Corio_lis
| 33 34 3s 36 37 38 39 _ - coupling ~ ~q
2z 4 \
k= " ’ \
E R (100) - (000) D"BO / v
s T T T T 1 —~ V. 11 100)=
5 1 2 3 4 5 5 —_(01 1)=—=<Z 1 —T(100)=
p < 2263.0cm’ _, 2253.5 cm’
3 2 — 0012
g E 1647.7cm’”
=]
=
— Lorop
2310 2315 2320 608.4cm’
Wavenumber (cm™) (000) o

FIG. 3. A portion of the Fourier transform infrared emission spectrum of FIG. 4. The infrared transitions of DBO that were observed in emissior
D*'BO. R-branch lines in the (100)—(000) vibrational band are labeled for both Coriolis interaction occurs between the {01 and (100) vibrational energy
D*BO and D°BO. The spectrum was obtained with a liquid-nitrogen-cooletevels. The analysis presented here includes vibrational-rotational as well
HgCdTe detector at a resolution of 0.01 ¢hn pure rotational transitions.
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TABLE 1
Rotational-Vibrational and Pure Rotational Line Positions for D**BO2®
JoJ Obs. 0-C JoJ Obs. 0-C JoJ Obs. 0-C
(100)—(000)
52 53 2114.8500 -0.0004 17 18 2212.1987 -0.0001 19 18 2288.8963  0.0002
51 52 2117.8993  0.0001 16 17 2214.6763  0.0004 20 19 2290.5425  0.0005
30 51 2120.9320 -0.0009 15 16 2217.1338 -0.0001 21 20 2292.1656  -0.0027
49 50 21239529 0.0014 14 15 2219.5724  0.0001 22 21 2293.7749  0.0001
48 49 2126.9546 -0.0003 13 14 2221.9916  0.0008 23 22 2295.3637  0.0016
47 48 2129.9429 -0.0002 12 13 2224.3883 -0.0006 24 23 2206.9297  -0.0002
46 47 2132.9139 -0.0021 11 12 2226.7663  0.0000 25 24 2298.4794  0.0009
45 46 2135.8738  0.0001 10 11 22291226  0.0000 26 25 2300.0078  -0.0002
44 45 2138.8168 0.0008 9 10 2231.4583  0.0010 27 26 2301.5186  0.0002
43 44 2141.7466  0.0037 8 9 22337697 -0.0002 28 27 2303-0098  0-0000
42 43 2144.6541 -0.0003 7 8 2236.0604 0.0003 29 28 2304.4821  -0.0002
41 42 2147.5500 -0.0004 6 7 22383273 -0.0002 30 29 2305.9360  0.0001
40 41 21504310 0.0003 5 6 2240.5721  0.0006 31 30 2307.3699  -0.0006
39 40 2153.2954 -0.0002 4 5 22427929  0.0012 32 31 2308.7865  0.0002
38 39 2156.1441 -0.0006 3 4 22449860 -0.0021 33 32 2310.1838  0-0005
37 38 2158.9781  0.0000 2 3 2247.1607  0.0007 34 33 2311.5614  -0.0001
36 37 2161.7954 -0.0003 1 2 2249.3066 -0.0007 35 34 2312.9205 -0.0002
335 36 2164.5974 -0.0001 36 35 2314.2601  -0.0011
34 35 2167.3854 0.0020 0 1 2251.4306  0.0007 37 36 2315.5829  0.0000
33 34 21701510 -0.0021 1 O 2255.5969 -0.0034 38 37 2316.8846  -0.0010
32 33 2172.9058 -0.0011 3 2 2259.6681 -0.0031 39 38 2318.1700  0.0004
31 32 2175.6449 00005 5 4 2263.6452  0.0015 40 39 2319.4335 -0.0011
30 31 21783644 -0.0012 6 5 2265.5942  0.0006 41 40 2320.6815  0.0009
29 30 2181.0700 -0.0005 7 6 2267.5197  0.0001 42 41 2321.9084  0.0006
28 29 2183.7590 0.0002 8 7 2269.4224  0.0003 43 42 2323.1161  0.0000
27 28 2186.4302 -0.0003 9 8 22713012 -0.0003 44 43 2324.3033  0.0000
26 27 2189.0861 0.0004 10 9 22731582  0.0001 45 44 2325.4746  -0.0009
25 26 2191.7241  0.0003 11 10 2274.9928  0.0006 46 45 2326.6279  0.0013
24 25 2194.3450  0.0001 12 11 2276.8027 -0.0015 47 46 2327.7565  -0.0021
23 24 2196.9484 -0.0003 13 12 2278.5997* 0.0052 48 47 2328.8728  0.0012
22 23 21909.5352  0.0000 14 13 2280.3644  0.0011 49 48 2329.9645  -0.0009
21 22 2202.1050 0.0009 15 14 2282.1115  0.0005 50 49 2331.0430  0.0030
20 21 2204.6553 0.0003 16 15 2283.8392  0.0013 51 50 2332.0950  -0.0004
19 20 2207.1879 -0.0001 17 16 2285.5442 -0.0001 52 51 2333.1304 -0.0011
18 19 2209.7033  0.0006 18 17 2287.2315  0.0012
(01'0)—(000), e—e
35 36 533.0650 -0.0003 8 9 588.4929 -0.0002 21 20 651.6587 -0.0001
34 35 535.0876 0.0009 7 8 590.5761 -0.0005 22 21 653.7801  -0.0005
33 34 537.1114 0.0006 5 6 504.7481 -0.0013 23 22 635.9033  0.0005
32 33 539.1373 0.0000 4 5 596.8396 0.0011 24 23 658.0263  0.0007
31 32 541.1640 -0.0025 3 4 508.9319  0.0025 25 24 660.1493  0.0005
30 31 543.1996 0.0014 2 3 601.0222 0.0001 26 25 662.2726  0.0003
29 30 5452319 -0.0005 1 2 603.1093 -0.0072 27 26 664.3965  0.0004
28 29 547.2665 -0.0027 2 1 611.5066 -0.0037 28 27 666.5208  0.0007
27 28 549.3080 -0.0003 3 2 613.6099 -0.0028 29 28 8.6443  0.0001
26 27 551.3493 -0.0008 4 3 615.7150 -0.0014 30 29 670.7690  0.0006
25 26 553.3956 0.0014 &5 4 617.8239  0.0023 31 30 672.8931  0.0005
24 2 555.4408 0.0002 6 5 619.9299  0.0017 32 31 675.0166  -0.0002
23 24 557.4911 0.0015 7 6 622.0400 0.0039 33 32 677.1405  -0.0004
22 23 559.5407 -0.0002 8 7 624.1456  0.0003 34 33 9.2646  -0.0003
21 22 561.5943 -0.0002 9 8 626.2565 0.0008 35 34 681.3891  0.0006
20 21 563.6507 0.0003 10 9 628.3672 -0.0001 36 35 683.5122  0.0002
19 20 565.7084 -0.0003 11 10 630.4790 -0.0010 37 36 5.6 -0.0008
18 19 567.7695  0.0002 12 11 6325041  0.0002 38 37 687.7572  -0.0006
17 18 569.8321  0.0001 13 12 634.7092  0.0005 39 38 689.8805  0.0005
15 16 573.9640 -0.0002 14 13 636.8244 -0.0001 40 39 692.0006 -0.0011
14 15 576.0327 -0.0009 15 14 638.9415  0.0002 41 40 694.1231  0.0003
13 14 5781048 -0.0001 16 13 641.0582 -0.0008 42 41 696.2448  0.0017
12 13 580.1776 -0.0010 17 16 643.1766 -0.0009 43 42 698.3623  -0.0005
11 12 582.2542  0.0001 18 17 645.2968  0.0001 44 43 700.4821  0.0004
10 11 584.3327  0.0009 19 18 647.4169  0.0001
9 10 586.4096 -0.0019 20 19 649.5378  0.0004
(01'0)—(000), f—e
11 607.3188 -0.0026 17 17 609.0179 -0.0002 31 31 612.7993  0.0002
3 3 607.3812  0.0038 18 18 600.2185  0.0004 32 32 613.1480  0.0003
5 5 607.4743 -0.0040 19 19 609.4297  0.0006 33 33 613.5087  0.0003
6 6 607.5484  0.0030 20 20 609.6513  0.0003 34 34 613.8783  -0.0001
7T 7 607.6221 -0.0016 21 21 609.8838  0.0001 35 35 614.2589  0.0002
8 8 607.7137  0.0004 22 22 610.1267 -0.0005 36 36 4.6490  -0.0001
9 9 607. 8113 -0.0026 23 23 610.3821  0.0006 37 37 615.0491  -0.0006
10 10 607.9272 0.0015 24 24 610.6471  0.0005 38 38 615.4590 -0.0012
111 608. 0486 0.0001 25 25 6109223  0.0000 39 39 615.8815  0.0006
12 12 608.1830  0.0004 26 26 6112090 0.0003 40 40 616.3110  -0.0004
13 13 608.3280  0.0004 27 27 611.5066  0.0009 41 41 616.7512  -0.0005
14 14 608.4831 -0.0006 28 28 611.8129 -0.0005 42 42 617.2012 -0.0007
15 15 608.6507 -0.0002 29 29 6121319  0.0004 43 43 617.6604 -0.0014
16 16 608.8287 -0.0003 30 30 612.4608 0.0007 44 44 618.1331  0.0017
(001)—(000)
45 46 1541.0045 -0.0005 10 11 1624.0467  0.0002 24 23 1694.7873  -0.0008
44 45 1543.5319 0.0006 9 10 1626.2471  0.0001 25 24 1696.6107  -0.0002
43 44 1546.0486 -0.0005 8 9 1628.4375 0.0001 26 25 1698.4222  -0.0002
42 43 15485589  0.0005 7 8 1630.6155 -0.0022 27 26 1700.2221  -0.0002
41 42 1551.0588 -0.0002 6 7 1632.7857 -0.0021 28 27 1702.0115  0.0010
40 41 1553.5512 0.0003 4 5 1637.0972 -0.0001 29 28 1703.7878  0.0005
39 40 1556.0344 0.0004 3 4 1639.2396  0.0029 30 29 1705.5519  -0.0004
37 38 1560.9744 0.0006 2 3 1641.3651 -0.0005 31 30 1707.3056  -0.0001
36 37 1563.4317 0.0010 1 2 1643.4846  0.0003 32 31 1709.0471  -0.0002

Note.O-C denotes observesd calculated. Unless otherwise indicated, units are imtm
2 Rotational-vibrational and pure rotational transitions weighted 1:10000.
® The observed transition frequencies labeled with asterisks were not included in the least-squares fit.

¢ Units in MHz.
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TABLE 1—Continued

yor Obs. 0-C y or Obs. 0-C y o Obs. 0-C
35 36 1565.8787 0.0002 0 1 1645.5892 -0.0032 33 32 1710.7772  -0.0001
34 3 1568.3168  -0.0005 34 33 1712.4948  -0.0006
33 34 1570.7474  0.0002 2 1 1651.8551  0.0013 35 34 1714.2014  -0.0003
32 33 1573.1687 0.0008 3 2 1653.9221  0.0022 36 33 1715.8957  -0.0004
31 32 1575.5795 -0.0001 4 3 1655.9763  0.0011 37 36 1717.5784  -0.0003
30 31 1577.9821  0.0000 5 4 1658.0194 -0.0006 38 37 1719.2491  -0.0003
29 30 1580.3758 0.0008 6 5 1660.0542  0.0002 39 38 1720.9077  -0.0003
28 29 1582.7397 0.0001 7 6 1662.0771 -0.0001 40 39 1722.5541  -0.0005
27 28 1585.1341 -0.0004 8 7 1664.0898  0.0002 41 40 1724.1894  0.0002
26 27 1587.5002 0.0001 9 8 1666.0909 -0.0003 42 41 1725.8111  -0.0007
25 26 580.8565 0.0002 10 9 1668.0825  0.0005 43 42 1727.4230  0.0008
24 25 1592.2030 -0.0001 11 10 1670.0616 -0.0001 44 43 1729.0208  0.0003
23 24 1594.5398 -0.0006 12 11 1672.0314  0.0008 45 44 1730.6068  0.000
22 23 1596.8677 -0.0006 13 12 1673.9888  0.0003 46 45 1732.1793  -0.001
21 22 1599.1866  0.0000 14 13 1675.9356  0.0004 47 46 1733.7418  -0.000
20 21 1601.4956  0.0003 15 14 1677.8709 -0.0001 48 47 1735.2913  -0.0003
19 20 1603.7945  0.0000 16 15 679.7960  0.0003 49 48 1736.8309  0.0022
18 19 1606.0843  0.0004 17 16 1681.7093  0.0001 50 49 1738.3522  -0.0013
17 18 1608.3635 -0.0002 18 17 1683.6108 -0.0006 32 51 1741.3667  0.0009
16 17 1610.6336  -0.0001 19 18 1685.5026  0.0000 53 52 1742.8543  0.0010
15 16 1612.8936 -0.0003 20 19 1687.3816 -0.0008 34 53 1744.3274  -0.0009
14 15 1615.1443  0.0000 21 20 1689.2505 -0.0003 36 55 1747.2396  -0.0013
13 14 1617.3849  0.0002 22 21 1691.1093  0.0013 538 57 1750.1038  0.0028
12 13 1619.6152 -0.0001 23 22 1692.9539  0.0002 39 58 1751.5134  -0.0017
1 12 1621.8360  0.0001

(01'1)—(0110), e—e

48 49 1542.8486  0.0002 15 16 1620.3895 -0 0026 20 19 1695.2757  0.0001
47 48 1545.3562  0.0008 14 15 1622.5776 -0.0017 21 20 1697.2151  0.00
46 47 1547.8521 -0.0009 13 14 1624.7611  0.0025 22 21 1699.1424  -0.0010
45 46 1550.3405 -0.0005 12 13 1626.9302  0.0000 23 22 1701.0608  0.0007
4 45 1552.8199  0.0006 11 12 1629.0940 -0.0003 24 23 1702.9654  0.0003
43 44 1555.2891  0.0011 10 11 1631.2515  0.0002 25 24 1704.8581  -0.0002
42 43 1557.7473  0.0002 9 10 1633.4005 -0.0010 26 25 1706.7395  0.0002
41 42 1560.1959 -0.0004 8 9 1635.5447 -0.0006 27 26 1708.6088  0.0004
40 41 1562.6367 0.0010 6 7 639.8156  0.0002 28 27 1710.4680  0.0030
39 40 1565.0666 0.0013 5 6 1641.9433  0.0011 29 28 1712.3091  -0.0001
38 39 1567.4839 -0.0009 4 5 1644.0654  0.0015 30 29 1714.1401  -0.0007
37 38 1569.89045 -0.0001 3 4 1646.1810  0.0001 31 30 1715.9597  -0.0002
36 37 1572.2958 0.0015 1 2 1650.4000 -0.0011 33 32 19.5387 -0.0012
35 36 1574.6844  0.0006 34 33 1721.3406  0.0000
34 3 1577.0632 -0.0003 2 1 1658.7883 -0.0010 35 34 1723.1090  0.0005
33 34 1579.4335  0.0004 3 2 1660.8736 -0.0015 36 35 1724.8646  0.0013
32 33 1581.7929 0.0003 4 3 1662.9524 -0.0036 37 36 1726.6022  -0.0028
31 32 1584.1356 -0.0064 5 4 1665.0339  0.0021 38 37 1728.3304  -0.0033
30 31 1586.4808 -0.0005 6 5 1667.1033  0.0013 40 39 1731.7519  0.0004
29 30 1588.8111 0.0003 8 7 1671.2247  0.0003 42 41 1735.1180  0.0013
28 29 1591.1318 0.0021 9 8 1673.2755 0.0000 43 42 1736.7721  -0.0070
27 28 1593.4383 -0.0005 10 9 1675.3190 -0.0006 44 43 1738.4283  0.0000
26 27 1595.7382  0.0002 11 10 677.3565  0.0005 46 45 1741.6849  -0.0019
25 26 1598.0273  0.0002 12 11 1679.3841 -0.0003 47 46 1743.2952  -0.0008
23 24 1602.5739 -0.0019 13 12 1681.4054 0.0011 48 47 1744.8916  -0.0002
22 23 1604.8357 0.0002 14 13 1683.4155 0.0001 49 48 1746.4747  0.0006
21 22 1607.0856  0.0000 15 14 1685.4180  0.0007 50 49 1748.0387  -0.0043
20 21 1609.3253 -0.0008 16 15 1687.4083 -0.0011 51 50 1749.6003  0.0020
19 20 1611.5584 0.0011 17 16 1689.3903 -0.0014 52 51 1751.1421  0.0019
17 18 1615.9923  0.0001 18 17 1691.3624  -0.0012
16 17 1618.1973  0.0009 19 18 1693.3257  0.0008

(01'1)—(01°0), f—f
47 48 1542.3783  0.0017 13 14 1624.1435 -0.0003 22 21 1698.2702  0.0006

46 47 1544.9242 -0.0021 12 13 1626.3847 -0.0005 23 22 1700.1277  0.0010
45 46 1547.4673 -0.0006 11 12 1628.6167  0.0000 24 23 1701.9708 -0.0016
44 43 1550.0007 -0.0005 10 11 1630.8387  0.0005 25 24 1703.8074  0.0007
43 44 1552.5257 -0.0004 9 10 1633.0497  0.0000 26 25 1705.6281  -0.0014
42 43 1555.0440 0.0014 8 9 1635.2512  0.0001 27 26 1707.4408  0.0001
40 41 1560.0507 0.0003 7 8 1637.4434  0.0010 28 27 1709.2409  0.0004
39 40 1562.5397 -0.0017 6 7 1639.6229 -0.0007 29 28 1711.0290  0.0003
38 39 1565.0220 -0.0018 5 6 641.7943 -0.0003 30 29 1712.8050  -0.0001
37 38 1567.4963 -0.0014 4 5 1643.9560  0.0007 31 30 1714.5653" -0.0047
36 37 1569.9622 -0.0007 2 3 1648.2471  0.0012 32 31 1716.3210  -0.0022
35 36 1572.4184 -0.0008 1 2 1650.3768  0.0011 33 32 1718.0655  0.0009
M4 3 1574.8678  0.0012 34 33 1719.7937  -0.0007
33 34 1577.3051 -0.0003 3 2 1660.8736 0.0063 35 34 1721.5138  0.0015
32 33 1579.7348 -0.0004 4 3 1662.9319 -0.0020 36 35 1723.2217  0.0033
31 32 1582.1571 0.0010 5 4 1664.9907  0.0008 37 36 1724.9130  0.0002
30 31 1584.5663 -0.0016 6 5 1667.0338 -0.0013 38 37 1726.6022*  0.0070
29 30 1586.9693 -0.0014 7 6 1669.0708  0.0012 39 38 1728.2650 -0.0007
28 29 1589.3634 0.0010 8 7 1671.0931 -0.0002 40 39 1729.9247  0.0005
27 28 1591.7483 -0.0007 9 8 1673.1061  0.0000 41 40 1731.5690 -0.0018
26 27 1594.1246  0.0004 10 9 1675.1082  0.0001 42 41 1733.2045  -0.0008
25 26 1596.4899 -0.0004 11 10 1677.0997  0.0005 43 42 1734.8278  0.0000
24 23 1598.8470 -0.0001 12 11 1679.0799  0.0005 44 43 1736.4405  0.0022
23 24 1601.1953  0.0008 13 12 1681.0476 -0.0008 45 44 1738.0368  0.0002
22 23 1603.5330 0.0004 14 13 1683.0070  0.00! 46 45 1739.6239  0.0010
21 22 1605.8610 -0.0001 15 14 1684.9537  0.0002 47 46 17411964 -0.0005
20 21 1608.1810  0.0008 16 15 1686.8889 -0.0006 48 47 1742.7606  0.0018
19 20 1610.4896 -0.0002 17 16 1688.8126 -0.0017 49 48 1744.3101  0.0016
18 19 1612.7886  -0.0010 18 17 1690.7278 -0.0001 51 50 1747.3742  0.0032
17 18 1615.0822  0.0022 19 18 1692.6277 -0.0026 52 31 1748.8808  -0.0031
16 17 1617.3606  0.0001 20 19 1694.5232  0.0019 53 52 1750.3828  -0.0016
15 16 1619.6315  0.0000 21 20 1696.4048  0.0037
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TABLE 1—Continued

oy Obs. 0-C oy Obs. 0o-C y oy Obs. 0-C

(000)—(000)
4 3 251535.4160° 0.0072 5 4 314410.0100° 0.0079 6 5 377278.4360° 0.0125
(100)—(100)
3 2 186422.6440° -0.0745 6 5 372865.8520° -0.0616
(001)—(001)
4 3 250274.7810° 0.0376 5 4 312834.2250° 0.0222 6 5 375387.5730° 0.0615
(01'1)—(011), e—e
4 314647.7000° -0.0164 6 5 377563.3880° -0.0478
(01'1)—(01'1), f—f
4 316088.6020° 0.0040 6

4 3 251725.7250°  0.0113

o

4 3 252878.3750° -0.0143 379292.1930° 0.0114

ot
o

sumed to be 617 cnt, the matrix value reported by Lory by the ratiosw,/v, of HCN and DCN calculated from the data
and Porter 15). Table 4 lists the molecular constants thuef Ref. (16) before the values were used for analysis. The inp!
obtained. parameters are summarized in Table 5, and the equilibrit
structure and force field which are derived are given in Tab

IV. DISCUSSION 6; in both of the tables the data reported id) (are
also included for comparison. The present results agr

the vibration—rotation constant, for both D*'BO and B0, well with the previous ones, but, as expected, the harmonic 3
and the band origins of, and v, of D1BO, which were added third-order gnharmomc potential cpnstants a.ssouaFe.d with t
to those already available to improve the equilibrium molecul&H Strétching mode were much improved in precision.
structure and the harmonic and anharmonic force field of Ref/AS noted above, the,, + v; frequency obtained for
(4). It was found that the,, frequency was poorly reproduced® BO, 2262.96084 (81) cm, slightly exceeds the sum of
for the H'BO, H°BO, D™BO, and D°BO. This observation the two fundamental frequencies, [608.36225 (53)1 v3

is ascribed to a large vibrational anharmonic constegt [1647.69007 (62)]= 2256.05232 (82) cm'; the X,5 con-
associated with the H(D)-B stretching mods, In order to Stant was calculated to be6.909 cm . It is interesting to
make corrections for this anharmonicity, the fundamental frgote that thex,; constant is-3.38 and+2.73 cm tfor HCN
quenciesy; of HBO and DBO were multiplied, respectively,and DCN, respectively 16, 17. In the case of EFBO,

The present study provided new data: the band origin, of

TABLE 2
Molecular Constants of D*'BO*®

Constant Ground State vi=1 vo=1 vg=1 vo=1+ v3=1

v 295352753 (65)  608.36225 (53) 1647.69007 (62) 2262.96084 (81)
By 1.0488445 (15) 1.039564 (18) 1.0520396 (14) 1.0435879 (A7) 1.0467379 (89)
108Dy 1.7159 (40) 1.7016 (80) 1.7666 (41) 1.7099 (38) 1.7567 (50)
10124, 2.2 (13) 2.3 (18) 2.7 (14) 2.1(12) 2.5 (14)

103gy -4.8082 (18) -4.910 (15)

108 Dyy -3.94 (13) -3.51 (32)

Y1, 248 0.07766 (23)

2Values in parentheses denote three times the standard deviations, which apply to the last digits.
P Units are cn?, excepty .. 5, which is dimensionless.
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TABLE 3
Rotational-Vibrational and Pure Rotational Line Positions for D°BO2P

J J Obs. 0-C J g Obs. 0-C J g Obs. 0-C

(100)—(000)

2275.8001  0.0011 17 16 23389500  0.0000
227812251 -0.0009 18 17  2340.7984 -0.0005
2280.5442 -0.0035 19 18 23426335  0.0010
29828531 -0.0007 20 19  2344.4502 -0.0002
2985.1449  0.0008 21 20  2346.2546  0.0013
2287.4187 -0.0001 22 21 23480394 -0.0017
2280.6751 -0.0022 23 22  2349.8130 -0.0011
22019196 -0.0003 24 23 23515728  0.0004
22041498 00036 25 24 23533165  0.0002
2296.3652° 0.0089 26 25  2335.0459 -0.0003
2208.5591° 0.0091 27 26  2356.7398 -0.0022
23007281 0.0009 28 27  2338.4618 -0.0024
2302.8846 -0.0034 29 28  2360.1538  0.0007

30 29  2361.8270 -0.0018
2307.1623  0.0024 31 30  2363.4921  0.0004
2309.2608° -0.0100 32 31 23651439  0.0017
23113644 -0.0008 33 32  2366.7797 -0.0006
2313.4433  0.0004 34 33  2368.4077  0.0010
2315.5036 -0.0003 35 34  2370.0222  0.0008
23175503 0.0021 36 35  2371.6254  0.0005
23195741 -0.0019 37 36  2373.2221  0.0046
23215867 -0.0004 38 37 23748084  0.0089
21 22 22541961  0.0015 23235831 00014 40 39  2377.9458" 0.0127
20 21  2256.6614 0.0002 10 23255591 -0.0007 41 40  2379.4946° 0.0092
19 20 22591133 -0.0011 11 10  2327.5198 -0.0013 42 41  2381.0352° 0.0068
18 19 2261.5570 00032 12 11 23204670 0.0005 43 42  2382.3690" 0.0065
17 18  2263.9795 0.0002 13 12  2331.3966 0.0012 44 43  2384.0993° 0.0114
16 17 22663891 -0.0014 14 13  2333.3076 -0.0005 45 44  2385.6135° 0.0085
15 16 22687866 -0.0006 15 14 23352065 0.0019 47 46  2388.6265° 0.0112
14 15 22711719 00025 16 15  2337.0842 -0.0010 49 48  2391.6098° 0.0142
13 14 22735332 -0.0035

(001)—(000)

49 50 1540.8794 -0.0003 17 18 1620.1571 -0.0002 14 13 1689.2273  -0.0007
46 47 1548.7027 -0.0019 16 17 1622.4775 -0.0005 15 14 1691.2057  -0.0003
45 46 1551.2966  0.0009 15 16 1624.7887 0 16 15 1693.1727  -0.0001
44 45 1553.8792  0.0010 14 15 1627.0887 -0.0007 17 16 1695.1312  0.0031
43 44 1556.4512  -0.0007 13 14 1629.3796 -0.0002 18 17 1697.0700  -0.0017
42 43 1559.0190  0.0021 12 13 1631.6601 -0.0001 19 18 1699.0045  0.0005
41 42 1561.5737  0.0006 11 12 1633.9302 -0.0002 20 19 1700.9242  -0.0004
40 41 1564.1189 -0.0016 10 11 1636.1979* 0.0076 21 20 1702.8323 -0.0014

44 45 2194.5319  0.0148
43 44 2197.2076 0.

41 42 2202.5420  0.0006
40 41 2205.2105"  0.0052
39 40 2207.8736"  0.0106
38 39 2210.5164  0.0022
37 38 2213.1652°  0.0067
36 37 2215.7984  0.0030
35 36 2218.4249  0.0004
34 35 2221.0422 -0.0032
33 34 2223.6580  0.0002
32 33 2226.2618  0.0007
31 32 2228.8537 -0.0013
30 31 2231.4413  0.0022
29 30 2234.0183*  0.0053
28 29 2236.5755  -0.0009
27 28 2239.1284  -0.0004
26 27 2241.6596° -0.0103
25 26 2244.1975 -0.0019
24 25 2246.7160  -0.0009
23 24 2249.2226  0.0004
22 23 2251.7160  0.0011

[=1
ert
(=3
1=
it

WRTIDUR NI = O D) I U ~J00 WO O N
bk ek b
WD URLWN=O =B R CIOY =] GO O = DLW

39 40 1566.6573 -0.0016 9 10 1638.4411  0.0012 22 21 1704.7293  -0.0018
38 39 1569.1818° -0.0066 8 9 1640.6798  0.0007 23 22 1706.6216  0.0048
37 38 1571.7124  0.0035 7 8 1642.9102  0.0021 24 23 1708.4888  -0.0020
36 37 1574.2209 0.0005 6 7 1645.1385" 0.0120 25 24 1710.3512  -0.0018
35 36 1576.7231  0.0003 5 6 1647.3369  0.0024 26 25 1712.2034  -0.0001
34 35 1579.2146 -0.0014 4 5 1649.5320  0.0009 28 27 1715.8670  -0.0017
33 34 1581.6977 -0.0024 3 4 1651.7198  0.0009 29 28 1717.6880  0.0045
32 33 1584.1734 -0.0014 2 3 1653.8944 -0.0008 30 29 1719.4907  0.0044
31 32 1586.6423 0.0020 0 1 1658.2167  0.0009 31 30 1721.2745 -0.0026
30 31 1589.0966 0 32 31 1723.0551  -0.0008
29 30 1591.5445 0.0010 1 0 1662.4988* 0.0054 33 32 1724.8211  -0.0015
28 29 1593.9851  0.0042 2 1 1664.6116 -0.0045 37 36 1731.7682  0.0003
27 28 1396.4095  0.0007 3 2 1666.7257 -0.0021 39 38 1735.1634  -0.0038
26 27 1598.8257 -0.0016 4 3 1668.8287  0.0001 40 39 1736.8518  0.0034
25 26 1601.2350 -0.0011 5 4 1670.9183 -0.0002 41 40 1738.5187  0.0016
24 25 1603.6350 -0.0004 6 5 1672.9883" -0.0092 42 41 1740.1740  0.0005
23 24 1606.0247 -0.0002 7 6 1675.0661  0.0007 43 42 1741.8191  0.0017
22 23 1608.4033 -0.0016 8 7 1677.1182 -0.0040 45 44 1745.0680  0.0002
21 22 1610.7760  0.0010 9 8 1679.1676 -0.0003 46 45 1746.6762  0.0020
20 21 1613.1352 -0.0002 10 9 1681.2035  0.0012 47 46 1748.2634  -0.0046
19 20 1615.4862  0.0003 12 11 1685.2378  0.0000

18 19 1617.8257 -0.0009 13 12 1687.2388  0.0002

(000)—(000)

4 3 257116.0840° 0.2120 5 4 321385.4180° 0.2917 6 5 383648.2040° 0.2987
(001)—(001)

4 3 255823.1980° -0.1606 5 4 319769.2650° -0.2555 6 5 383708.8560° -0.3750

Note.O-C denotes observesd calculated. Unless otherwise indicated, units are intm

2 Rotational-vibrational and pure rotational transitions weighted 1:10000.

P The observed transition frequencies labeled with asterisks were not included in the least-squares fit.
¢ Units in MHz.

where we neglected,;, we obtained an effective Coriolis of the interaction arises from the first-order terms in the e

coupling constant that was about 30% larger than the valpansion of theB rotational constant in terms of the two stretch

listed in Table 4. ing normal coordinates, which, when inserted in the two Cc
The Coriolis interaction between thg and v, + v states riolis interaction Hamiltonians, contribute directly to the

originates partly from mixing of the two vibrational states witlinteraction matrix element.

others through anharmonic potential constants. Another sourc&Vhen we take into account only cubic anharmonic potenti
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TABLE 4
Molecular Constants of D*°BO*®

Constant Ground State vi=1 vg=1 ve=1+ vs=1
v 2305.0322 (13) 1660.3600 (10) (2284.3)¢

By 1.0721153 (23) 1.062343 (77) 1.0667259 (24) (1.070240) ¢
108Dy 1.8013 (31) 1.6437 (27) 1.7946 (32) (1.801)¢
10124, 2.2)¢ 2.3)° @.1)¢ 2.5)¢

103gy (-4.93271)°
V1, 23 0.0833 (19)

2Values in parentheses denote three times the standard deviations, which apply to the last digits.
b Units are cm'?, excepty ,. s, which is dimensionless.
¢ Assumed.

termsk;, 0,00, We may derive the following expression for theze [ (w /we)¥? + (ws w,)Y2](1)
effective Coriolis interaction matrix element, V2
= 512/[2(20’1@2) ] X {(kna_ k223)[(w1 + wz)/wa

[(100k113|101) + <100k333|101> + (100k223|101>] + (01 + 0)/(0; — ©;) — (01 — ) (0 + ©,)]

X (101104011 (—H)[Lws + 1wy — w;)] ~ Kug(0y = 02)/ (20, = @)
+ Kops(w1 — 02)/ (20, + w3)} + §32/[2(2w2w3)1/2]

X {(Kizs + K[ — (w3 — wy)/ 0,
+ U(w; + @;)] + (100[C,|010[(010k,15/01) — (05— 0 )(w3+ @) + (w3 + wp)/(w5— w3)]

+ (010Ks35|011) + (010K;3/013)] (%)[1/(0)1 — ) + Kizs(wz + 02)/(2w; — ;)

+ (100Kp03]121)(121[C, |01 (—3)[1/(20, + ws)

+ 1] + (100L,1210(210K,s5l01D(—) s T el = 202))

X [, + w,) + 1/(2w; — w3)] + (100K,;5|002 When the Coriolis resonance is exact, we may insert tl
relation w; = w, + w3 in the above formula to simplify the
X (0021C5|01(—3)[1/(2w; — @) + L(ws — w,)] result as follows:
+ <100k122|020><020p3|01]>(_%)[1/(20)2 — w) M (wdwg) Y2+ (wslw)Y?](1)
+ 1/(w,; — w3)] + [{100K;1,]000 + (100K, 335|000 = 2(2)"*{¢1o[ (w1 02) V2l (0F — 03)] (ka3 — Kzo3)
1/2 2 _ 2
+ (100,22/0001(000C 101D ([ L/, + 1w, + w3)] ¥ Gl (peos 05 = 02 (e )}
+ (100[C5|11D[{111Ky14|01D + (111K,55|010) The second part may be derived in the following way. Th
B rotational constant may be expanded in terms of the tw
+ (111](122|01],>](—%)[1/(0)2 + w3) + lw,], stretching normal coordinates as follows,
where the cubic anharmonic ternkg,q,gg, and the two B=B.— B, Y (2Be/wy)"?2c{oqs+ - - -,
Coriolis interaction terms, /v, and v4/v, are symbolically s

expressed ag;, and C; (i = 1 and 3), respectively. The
effective Coriolis coupling constant from this source is thusheres = 1 or 3 andc = +1 and —1 for the two modes,
equal to respectively. These first-order terms, when inserted in tl
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Input Parameters for the Determination

TABLE 5

of the Force Field of HBO

KAWASHIMA ET AL.

This work Ref. (4)
parameter® obs weight obs - cale obs - cale
H!BO
Bo 39224.247 10000 -0.015 -0.085

wl 2903.6 100 0.5 {2820.76]
w2 7544152 1000 -0.2932 0.0985
w3 1825.5561 1000 -0.2056 0.0578
@l 269.785 200 -0.755 0.758
a2 -86.255 200 -0.128 -0.015
ag 259.249 200 -0.217 0.058
qz2 -181.925 100 -3.458 -0.714
Dg 80.24 20 -0.45 -0.36
HIOBO
Bo 40575.395 10000 -0.241 -0.121
@] 2928.1 100 -0.2 [2844.47]
w2 763.6257 1000 -0.4704 -0.0707
w3 1864.1620 1000 0.2479 -0.59
al 299.502 200 -0.904 -0.865
a2z -98.302 200 -0.184 -0.142
a3 268.671 200 -0.832 -0.252
Q2 -192.388 100 -3.785 -0.883
Dy 85.75 20 -0.21 -0.10
D!BO
By 31443.572 10000 0.114 0.092
wq 2316.1 100 0.1 7.3°
w2 608.3623 1000 1.2582 -0.7
w3 1647.6901 1000 -0.2286 1.5
al 278.234 200 4.382 -1.901
a2z -95.786 200 -0.302 0.634
a3 157.589 200 0.492 0.449
Q2 -144.147 100 -1.874 0.371
Do 51.44 20 0.25 0.24
DIBO
Bo 32141.214 10000 -0.069 -0.070
w1y 2369.0 100 0.6 -1.2°
@2 G617 1 -1.7 -4
3 1660.3600 1000 0.1094 5.1
ay 202.956 200 -2.688 1.983¢
w2 -105.349 200 -0.194 -0.745
a3 161.572 200 0.1435 -0.353
2 -147.879 100 -1.989 0.315
Do 54.00 20 0.31 0.32
HIBISO
By 37529.818 10000 0.211 0.101
Do 73.89 20 -0.15 -0.12
H ]()3180
Bo 38913.622 10000 0.026 0.098
Do 79.17 20 0.23 0.27

TABLE 6
Equilibrium Structures and Force Fields
of HBO?
parameterb This study Ref. (4)
re(B-H) /A 1.16740 (74) 1.16667 (41)
reB=0) /A 1.20051 (20) 1.20068 (10)
Lo 1 aJA2 4.377 (14) 4.169 (97)
fr 1 aJA2 -0.129 (18) 0.052 (90)
frr ! aJA2 14.118 (38) 13.986 (103)
fo.lad 0.3256 (12) 0.3249 (5)
frarl aJA3 -21.02 (29) -20.92 (125)
Lk | aJA3 0.05 (29) 0.147 (122)
frR | aJA3 0.0) 0.0)
feRR ! aJA -88.97 (91) -88.39 (93)
fry o/ adA”l -0.05 (16) -0.046 (52)
1R, . /aJAl -0.39 (14) -0.381 (44)

@Units are cm* for w,, MHz for o; andg,, kHz for D,

b Weight is 1 in the least squares analysis.
¢ Not included in the least squares fitting.

2Values in parentheses denote three times the standard
deviations, which apply to the last digits.

b The suffixes andR denote the H-B and B=0 bonds,
respectively.

ordinary Coriolis interaction term€; in place ofB, add the
following to the effective Coriolis coupling constant:

(@l 092 + (odw)V2](I1)

= _ZBélz[ggz(ws —wy) + ﬁz(wl + wz)]/(wlwzws)llz-

The cubic potential constants and the Coriolis coupling col
stants(;, and {5, were calculated from the force field listed in
Table 6 and were inserted, together with the observed func
mental frequencies in place of the harmonic frequencies, in t
above expressions to derive the effective Coriolis couplin
constants, 0.0891 and 0.0916 fot'BO and DBO, respec-
tively, which favorably compare with the observed value
0.07766 23) and 0.0833 19), respectively.
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