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Abstract

The rotation-vibration spectrum of v, of T3*0 is reported in the region of 1100
~900 cm™! and analyzed on the basis of a rigid rotor. The band constants (in cm™!)
obtained are as follows: 1b=986.35; A”=10.935, B”=4.857, and C”=3.314 in the
ground state and A’=11.558, B’:4.903 and C’=3.276 in the excited state. The #»
structures derived from the rotational constants of A and B are: »”"=0.9574 (A) and

a”=104.80" in the ground state and »’=0.9449 (A) and a’=106.07° in the excited state.

Introduction

IR"® and microwave®* spectra of water including tritium have been studied
extensively and rotational constants and molecular structures of the '*0O compounds in
the ground state have been clarified. On the other hand only a rotation-vibration
spectrum® has been reported for v, of T3°0.

It is well-known that there are large anharmonicity and a large inertia defect in
water molecules. That is, rotational constants in ground and excited states differ
quite each other and a rotation-vibration interaction through the Coriolis force is large,
as has been reported for T3°0. There results in a difference in a molecular structure
between isotope molecules. In the present study we will report the band constants of
v, of T3%0 and discuss the molecular structure derived from rotational constants with
that of T3°0.

Although a rotational Hamiltonian has been expanded up to the tenth power of
angular momenta in the microwave study® of T3°0, the rotation-vibration spectrum of
v,  has been analyzed well for lower energy levels of J”, /' £6 on the basis of the rigid

rotor. Thus we analyze the present system under the same condition as the IR study.
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T:*0 was obtained from the reaction of 3 Ci of T, with excess '*0, on platinum
black at room temperature.
glass system which was cleaned up carefully to raise the isotopic purity was made as
small as possible.
slit width of 0.45~0.55 cm™! in the region of 1200~800 cm* at about 60 °C by use of
the JASCO-IRA-3 spectrometer with a data processor.

The observed frequencies were calibrated by 9 bands of a polystyrene film and

indene and believed to be accurate within 0.4 cm™'; they are given in Table 1. The
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Experimental

Table1. The observed and calculated

frequencies (cm ~!') and their

Table 1. (continued)

Because of handling of the small amount of molecule a

The IR spectrum was observed under the condition of the spectral

assignments 10177
Obs. Calc. ijsmgn. . .
1085.40 5 4 1013.8°
N it . 3 1
10855 11085.19* 5, 4, 1005.8*
. 1077.03 44 3 996.3*
1077.3 { 1077.00* 4, 3 977.3"
L0610 { 106034  11-5p  10-1 970.0
st 10 o
1054.7 : - -
{ 1054.25 1000 9
1050.91 3, % 959.5*
1050.2*
{1050.63" 3, 2,
1048.28 9., 8_s 9518
1047.2 1048.08 9., 8,
1048.06 8. 74 948.4*
1042.20 8., 72
1041.9 { 1042.05 6, 6o 944.3"
1037.49 4, 3.
1037.0 { 1037.44 80 8, 936.8
1035.1 1035.26 7.4 6-s 929.4*
L030.1° { 1030.36* 6. 6.3 '
' 1030.26 6.5 5.5
1028.48* 6.5 5.4 922.1
1028.2* 1028.43 6.4 5.,
1028.3¢ 56 5.2 915.6
1024.3 1024.58 5.4 4, '
1021.5* 1021.26* 5.5 44 0114
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Fig. 1. The observed (a) and calculated (b) spectra in the region of v, of T}%0.

observed spectrum is given in Fig. 1-a.

The rotational energy levels and the line intensities of P, Q and R branches were

calculated with reference to literatures®® by use of the computer FACOM 230-45S of

Toyama University.

Results and Discussion

Since 1, is the B-type band, the band origin may be estimated approximately from

the observed spectrum. This is also possible from a normal coordinate analysis.

We

got 986 cm™! by use of the force constants obtained from the A, species’”® of T}°0.

The rotational constants were estimated initially from the IR study! on T3°0. The

initial value of the band constants is given
in the first column of Table 2, where the
band constants of v, of T$%0 are also given
in the last column.

A preliminarily calculated spectrum by
use of the band constants in Table 2 repro-
duced considerably the observed one.
Then some of the observed bands were
assigned definitely.

The band constants were refined by
means of the least squares method by use
of the discrete and intense bands (noted by
*in Table 1) up to J”, J'£6. The band

constants obtained are given in the second

Table 2. The band constants (cm™!) of v, of

Ti*0
T%SO T%Soh)
initial final
Vo 986.0 986.35 995.37
A 10.956 10.935 11.301
B” 4.837 4.857 4.837
c” 3.314 3.314 3.344
A7 0.105 0.125 0.105
7" (A)  0.9583 0.9574 0.9583
a” (°) 104.97 104.80 104.97
A 11.618 11.558 11.982
B’ 4.868 4.903 4.868
C 3.288 3.276 3.316
A 0.355 0.413 0.355
7 (A) 0.9461 0.9449 0.9461
a () 106.41 106.07 106.41

107*° gecm? “From Ref. 1.
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column in Table 2. The calculated spectrum by use of the refined band constants and
the energy levels of /7, J'£15 is given in Fig. 1-b, where each band width is assumed
to be 0.8 cm~'. The calculated frequencies and their assignments (only intense
components) are given in Table 1.

It is found from Table 1 that the observed band consists of some strong com-
ponents and many weak ones (not given). That they split into each component can
not be expected from the present resolution.

The centrifugal distortion constants, Dk and L, in the ground state® of T4°0 have
been reported to be -0.0007 and 0.0048 cm™!, respectively, in the Watson formulation?
Then we can expect that the energy levels in the higher states of T30 differ
considerably from those calculated from the rigid rotor approximation. Thus the
difference in the resolution between the observed and calculated spectra in Fig. 1 is
attributed mainly to the rigid rotor approximation. Since the observed band is not
resolved into the components, further refinement by use of the higher order of the
Hamiltonian is not important in the present study. It should be noted that the band
constants obtained here are as reliable as those in T3°0, because we obtain them under
the condition of /7, J £6.

In Table 2 the inertia defect (A) and the 7, structure (7 : atomic distance, @ : £
TOT) derived from A, B are also given. The relation of *» <!®# and *a <'®a in the
ground and excited states is explained qualitatively in terms of anharmonicity ; the
superscript of 18 and 16 denotes the ®0 and '°O compounds respectively. This is also
true for v, which is higher by 0.35 cm™! than that expected initially.

Since rotational constants obtained are effective ones and affected by a rotation-
vibration interaction through the Coriolis force, the 7 structure means a formal
presentation of a molecular structure. Then the relation of #’<#” in both compounds
may indicate that the rotation-vibration interaction in the excited state is larger than
that in the ground state. On the other hand the relation of &’<a” in both compounds
agrees with expectation from anharmonicity. The values of A are not examined

quantitatively in the present study, because 1, and v; have not been confirmed.
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