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As part of the simultaneous analysis of line posi-
tions and intensities of the first two polyads of mon-
odeuterated methane, the results achieved for the
3 to 5 um region are reported. It involves the three
highest fundamentals, (v1, 12, v4) overlapped by over-
tone (2vs, 2vs, 2v5) and combihation (va + vg, v3 + vs,
vs + vg) bands. The theoretical model was based on
the global tensorial model implemented in the MIRS
package (available on the web site http://www.u-
bourgogne.fr/LPUB/MIRS.html). Some 10000 line
positions and 2400 line intensities have been modeled
to +0.00088 crm ™! and £3.6 % respectively, using mea-
surements obtained at 0.0056 and 0.011 cm™ resolu-
tion with the Fourier transform spectrometer at Na-
tional Solar Observatory located at Kitt Peak. The
strongest band in this polyad is v4(E) at 3016.7 cm™!
with a strength of 6.3 x 107¥cm ™! /(molecule cm™?)
at 296 K; the weakest band is 2v3(E) at 2597.7 ecm™!
with a strength of 1.9x 107%° em™! /(molecule em™2) at
296 K. The total calculated absorption arising from
the CH;D nonad is 8.95 x 107! em™!/(molecule cm™2)

at 296 K.

Key Words: monodeuterated methane; CH3zD
Nonad; infrared; fundamental bands; polyad; posi-

tions; intensities.

1. INTRODUCTION

The fact that monodeuterated methane (CH3D) is
a constituent trace species in the terrestrial and outer
planet atmospheres (1) has motivated numerous high
resolution investigations of its ro-vibrational spectra
(2-33). Its ground state has been determined for both
12CH;3D (3,4) and 3CH;3D (5). Most infrared studies
have been devoted to the bands within the triad re-
gion containing the three lowest fundamentals vg, 13
and vs (3,5-10), while the region of the three highest
fundamentals vs, 17 and v4 has received less attention
(11-16). With a few exceptions (17-20), spectral in-

tervals at shorter wavelengths are largely unexamined.
Past studies of CH3D also include line shape measure-
ments for the lower triad and the 31, overtone (21-32).

The present authors previously reported the suc-
cessful applications of an improved formalism (33) to
the 12 vibrational states between the 900 - 3200 cm ™!
(6,16). In the latter study (16), assignments given at
3.3 wm initially in 1972 by Olson (11) and at 4.8 um
by Chackerian et al. (13) were extended to all nine
bands of the nonad. By treating all states simulta-
neously, 5208 positions of the nonad bands and 1007
nonad intensities were reproduced to + 0.0047 cm ™!
and + 4.3%, respectively, and 2467 nonad—triad po-
sitions were fitted to + 0.0043 cm~!. However, iden-
tifications in the weaker bands were sparse, and there
were numerous features left unassigned. To facilitate
the assignment process, some 1000 selected line inten-
sities were measured primarily in order to scale the
predictions rather than to characterize the intensities
of all the bands accurately. Finally, the standard devi-
ation of the fit for line positions was an order of mag-

nitude larger than the experimental precision.
Figure 1

An overview of the complexity of the task is given
in Fig. 1 where the reduced upper state energy levels
of the nonad states in em™1! are plotted vs the upper
state J. In our prior study, assignments were limited
to less than J = 19 for the strong bands and J = 13
for the weak ones. For the present study of the nonad
region, we obtained additional spectra at both low and
high optical density in order to improve the accuracy
of the strongest and weakest transitions. We measured
an additional 1500 line intensities and assigned 5000
more transitions up to J = 22 for the strong bands and
J = 16 for the weak ones. We further improved the
modeling of the line positions and intensities to higher
values of J so that the standard deviations of the fits

more closely matched the measurement uncertainties.
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2. EXPERIMENTAL DETAILS

The present results are based on a combination of
prior data (16) and new data obtained primarily to
improve the intensity analysis. Seven new scans were
recorded at short paths (2.05 and 10.0 cm) in order to
characterize the fundamental bands for the strongest
lines, and two higher optical densities (at 150 cm path)
were added for the weaker bands. A sample spectrum
observed at 0.011 em~! resolution with the Fourier
transform spectrometer located at Kitt Peak is plot-
ted in Fig. 2 a and b, and the gas sample conditions
of all the spectra used for intensities are shown in Ta-
ble 1. The signal from a glowbar passed through ab-
sorption cells into the FTS, onto a CaF; beamsplit-
ter and then was focused onto two matched InSb de-
tectors. Pressures and temperatures were monitored
continuously with calibrated capacitance gauges and
thermistors, respectively, during the one hour integra-
tions. Enriched samples (labelled as 98% and 99%) of
the monodeurated methane were used. For a few scans,
a second cell filled with CO was set in series with the
CH3D cell so that the lines in the 1 — 0 band of CO
(34) could be used to calibrate the nonad line posi-
tions. The spectra generally contained extra absorp-
tion arising from residual water and carbon dioxide at
low pressure inside the inclosure of the FTS and also
atmospheric absorption at 600 Torr from the intervals
between the absorption cells, the source and detectors
(see Fig. 2 a). The latter was pufged using the effluent

from a liquid nitrogen dewar.
Figure 2a - Figure 2b - Table 1

The measurements were retrieved from the labora-
tory spectra using curve-fitting techniques (35) illus-

trated in Fig. 3 . For this, each spectrum was mea-

sured individually by computing a synthetic spectrum-

and adjusting the assumed values of the positions, in-
tensities and sdmetimes the self-broadened widths to
reduce the differences between the observed and com-
puted spectral digits. As mentioned previously, our

prior effort (16) for intensities was aimed at determin-

ing the dominant transition moment of each band in
order to extend the assignments. We were forced to
use as input for the retrievals either a peak-finding
linelist or approximate predictions. At the time we
selected for measurement only known features and ig-
nored many unidentified lines because they could not
be included in the model. In the present study, how-
ever, we used an improved prediction (16) for the data
reduction and were able to interpret many previously
unidentified features. We particularly focused on im-
proving the absolute accuracies for the fundamental
transitions and the very weak bands. A more effec-
tive purging of the external path removed sufficiently
more residual absorption from carbon dioxide so that
CH;3D features between 2250 and 2400 cm ™! could be

measured.
Figure 3 - Table 2

In Table 2, we give examples of the individual mea-
surements of positions and intensities and correspond-
ing averages (in bold). Each intensity is normalized for
a gas sample that is 100% abundance of CH3D, but no
corrections have been made for the natural abundance
of 12CH;3D vs ¥*CH;3D nor the observed 0.3% impurity
of 2CHy. The original temperature of the gas sample
from which the measurement has been taken is shown,
but each listed intensity is normalized to the corre-
sponding value at 296 K; temperature uncertainty is
1.5 K for paths lengths greater than 11 c¢m, and 3
K for the three short cells (10.0, 5.00 and 2.05 cm).
Typically, the measurements of the very strongest and
the very weakest features involve only three or four
scans while the intermediate intensity lines are deter-
mined using seven to eleven of the spectra. The rms is
computed as (ith -average/average) to determine the
agreement between individual spectra and the aver-
aged value; this is taken as an indication of the exper-
imental uncertainty. In general, there is good internal
consistency from run to run for the intensities. Given
the various sources of uncertainties (gas sample purity,
path lengths and temperature), we estimate that the

absolute accuracies of the intensities are 4% at best for
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single lines, well-isolated from other features. Blended
features and weaker transitions are thought to be good
to 15%.

The absolute calibration of the line positions is de-
rived from two spectra containing a second cell filled
to observe the 1 — 0 band of CO (34). Calibrated
strong transitions of CH3D were then transferred to
the most of the other spectra; for the two highest opti-
cal density scans, many of the selected CH3D lines were
too saturated and so the calibration was checked using
transitions of residual 12CHy (36). The precisions of
the positions are & 0.0003 cm™?! for well-isolated fea-
tures. The absolute accuracies of transitions around
3000 ¢m~! may be only 0.001 cm ™! because only one

1

calibration standard at 2150 cm ™" was employed.

3. THEORETICAL MODEL

The theoretical framework of the present work is es-
sentially the same as the one already described in our
preliminary report (Ref. 16). Only basic or new fea-
tures will be repeated or detailed here. The partially
transformed ro-vibrational Hamiltonian adapted to the

polyad structure of the CH3D molecule is expressed as

H =Hic.s.} + H{Triad} + H{Nonadgy +--- (1)

where the subsequent terms correspond to successive
polyads with increasing vibrational energies.

The effective Hamiltonians associated with the sub-
sequent polyads include one, two or three sets of terms
obtained by projection of the above equation onto the

corresponding subspaces denoted by < Polyad >.

H<G’.S.> — H{<GGSS}> (2)
H<Tr1’ad> — Hfé"gu;d) + HFT?;':;GC‘I%> (3)

<Nonad> __ pr<Nonad> <Nonad> <Nonad>
H =Hgsy " + Hirriay . + HiNonady -

(4)

In the present work, the parameters from Hg.s
involved in the effective Hamiltonians for the three
polyads (ground state, triad and nonad) through the
respective terms H {<GG ff, H fg g‘:‘;‘b and H {<GN gﬁ“’b,
were kept fixed throughout the simultaneous analy-
sis at the values reported recently by Ulenikov et al.
(1999) (Ref. 4). The parameters from Hrrigq; in-
volved in both triad and nonad effective Hamiltonians
through the terms H fTT;Z;‘;‘? and H {<T1X:.’:;}d>, were ad-
justed to fit simultaneously the ”observed” energy lev-
els recently published by Ulenikov et al. (2000) (Ref.
10) and the measured transition frequencies from both
nonad and nonad—triad band systems.

The dipolar transition moment was similarly ex-
pressed in tensorial form. It is partially transformed
according to the polyad pattern of the CH3D molecule.
In the present paper, only the nonad—G.S. system is
considered, formally expressed as M <GS:Nonad> (14)
The associated effective parameters were adjusted to
fit the measurements of the nonad intensities extended
in the present work. The results of the simultaneous
analysis of the intensities of the triad and nonad—triad

systems will be reported elsewhere.
Table 3a - Table 3b

In the present work, as in our preliminary analysis,
all symmetry allowed terms from the Hamiltonian ex-
pansion up to the sixth order of approximation have
been considered (1632 terms altogether). The last it-
eration of our simultaneous fit of positions yielded a
unique set of 441 parameters (including 17 ground
state parameters fixed and 424 statistically determined
parameters). For brevity, only statistical informations
are reported in Tables 3a and 3b of the present paper.
For each vibrational type are quoted the total number
of possible terms (symmetry allowed), the number of
actually adjusted terms, the highest J dependence, and
the matrix elements characteristics (AK _maz and vi-
brational selection rules). In order to keep the number
of adjusted parameters within reasonable bounds, the

vibrationally off-diagonal terms have been selected in a
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pragmatic way as already described in Refs. 6 and 16.
Only the interaction terms between neighboring states
have been released, whereas all interaction terms be-
tween non adjacent vibrational blocks were kept fixed
to zero. A selection based on the reduction properties
of effective Hamiltonians would certainly be preferable.
However, this kind of theoretical investigation is very

difficult for such a complex band system.

A complete parameter file including untruncated
values (as input to the computer program) and the in-
dividual standard deviations is given in the Appendix.
An electronic copy is also available on simple request
from the authors and included into the computer pack-
age freely accessible from the web site http://www.u-
bourgogne.fr/LPUB/ MIRS.html. Among the 424 ad-
justed parameters, the number of vibrationally off-
diagonal terms (227) is slightly larger than the number
of vibrationally diagonal terms (197). It is worthwhile
to emphasize that the ratios of the number of fitted
data (or the number of bands) over the number of ad-
justed parameters were greatly minimized thanks to
the global simultaneous treatment as compared with
conventional band by band or even polyad by polyad
treatments. As a matter of fact, in the present work,
424 parameters were adjusted on 11479 independent
measurements, and the 441 effective Hamiltonian pa-
rameters involved, provided a description close to the
experimental accuracy of the energy levels for 13 vibra-
tional states (ground, triad and nonad) corresponding
to 39 bands (6 fundamental, 3 overtone, 3 combination
and 27 hot bands). Within this approach, on average,
there are 27 data per adjusted parameter. Each vibra-
tional state is described by less than 33 parameters and

each vibrational band by less than 11 parameters.

For the effective transition moment of the nonad sys-
tem all symmetry allowed terms up to J? dependent
terms have been introduced (100 terms altogether).
They correspond to expansions through the second or-
der for fundamental bands and third order for overtone
and combination bands. They account, in a system-

atic way, for various ro-vibrational effects usually de-

scribed uncompletely by empirical Herman-Wallis type
terms. The last iteration of the intensity fit yielded
the set of 83 effective parameters listed in Table 4.
The correspondence between the most basic terms and
the parameters already considered in the literature
are recalled in the last column. However, it should
be emphasized that accurate predictions can only be
obtained using the complete set of reported effective
Hamiltonian and transition moment terms. The corre-
lations between many of these terms would be rather
difficult to describe and interpret. Although the num-
ber of statistically determined terms may seem rela-
tively important with 83 adjusted parameters for 2459
measurements, the ratio of the number of fitted data
over the number of adjusted parameters (about 29) is

of the same order as for the fit of positions.

Table 4

4. RESULTS AND DISCUSSION

4.1. Position fit

Detailed statistics of the simultaneous fit of the po-
sitions of the triad, nonad and nonad—triad of CH3D
are given in Tables 5a, 5b and 6. The enhanced accu-
racy achieved in the present work arises from several

improvements:

e The introduction of the new ground state con-
stants recently determined by Ulenikov et al. (Ref. 4)
allowed a better prediction of the higher J ground state
energies and thus helped extending the assignment of
weak features (forbidden and hot band transitions).

e The replacement of the former observed transition
frequencies for the triad system (Tarrago et al. (1987)
(Ref. 3)) by the "observed” energy levels reported re-
cently by Ulenikov et al. (2000) (Ref. 10) allowed a
more accurate description of the three lowest funda-
mental bands and, through our vibrational extrapola-
tion approach, a more accurate modeling of the lead-
ing interactions among the upper states of the overtone
and combination bands. As seen on Table 5a, the stan-

dard deviation on the fitted energies (0.00014 cm™1) is
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quite consistent with the results reported in Ref. 10,
whereas the number of "triad” parameters (119 in the
present work) is significantly smaller than in Ref. 10
(172 parameters). Furthermore, the maximum J de-
pendence of the rovibrational terms is limited to J 6 in
our model whereas several terms in J7 , J® and higher
are involved in the model of Ref. 10.

e Logically, as a consequence of the above improve-
ments, the assignment process could be extended in-
cluding weak lines from cold and hot bands, and
to higher J values (up to J = 23). Numerous ef-
fective Hamiltonian parameters from the nonad part
Hf;vafl’;‘fi‘? could then be interactively released while
becoming statistically determined.

Table 5a - Table 5b - Table 6

Finally the standard deviations achieved for the
nonad and nonad—triad systems were significantly im-
proved: 0.00088 cm~! and 0.00062 cm~! to be com-
pared to 0.0047 cm™! and 0.0043 cm™!, respectively,
in our preliminary report (Ref. 16). As seen on Ta-
bles 5b and 6, the fitted positions cover all the nonad
bands and most of the nonad—triad hot bands with a
satisfactory uniformity in the level of precision, demon-
strating the reliability of our model. Another probe of
this can be seen in Table 5a from the standard devi-
ations obtained, using the parameters of the present
work, for the former triad observed transition (Ref.
3). The overall standard deviation (0.00051 cm™!) is
more than three times larger than the standard devia-
tion on the new data. These values can be regarded as
the upper limits of the experimental accuracies of the
corresponding triad data sets.

4.2. Intensity fit

In our previous study, we used 12 purely vibra-
tional transition moments and 18 J—dependent terms
to model some 1000 line intensities up to J = 16. In
the present effort, a total of 83 transitions moments are
used ( 12 vibrational and 71 J—dependent) in order to
model over 2400 intensities up to J = 22. Detailed

statistics of the fit of the intensities of the nonad of

CH;3D are given in the right hand side of Table 6. The
results obtained for the triad and nonad—triad systems
using the same Hamiltonian model and thus the same
eigenvectors will be reported separately. As for the po-
sitions, the measurements covered all the bands of the
nonad with a dynamical intensity range exceeding 4 or-
ders of magnitude (Fig. 4). The selection of the data
was done interactively as higher order parameters were
released for the fit. A few measurements were rejected
automatically on the basis of large discrepancies. In
turn, a careful comparison of observed and synthetic
spectra was achieved in order to confirm the experi-
mental causes (like overlapping) for anomalous discrep-
ancies. The model accuracy proved to be very similar
for all the bands with an overall standard deviation of
3.6 % close to the experimental precision. In compari-
son with our preliminary study (Ref. 16) the number of
fitted measurements was substantially increased while
the standard deviation was slightly decreased. As for
the positions, a larger number of statistically deter-
mined effective parameters could be obtained (Table
4).

Figure 4

The integrated intensities for the 13 components of
the nonad are also shown in Table 6. These have been
obtained by summing the line intensities greater than
10~%° cm/molecule at 296 K. The numbers of calcu-
lated lines are also indicated in the table.

The band strengths quoted in Table 6 are essentially
governed by the purely vibrational transition moments
(RO(0,0A4;) type terms) given in Table 4. v4 is the
strongest fundamental while v; and v are an order
of magnitude weaker. As expected, the combination
bands are much weaker. Somewhat surprising, the
transition moments of the overtones 2v¢ and partic-
ularly 2v5 are rather large for both the A; and E com-
ponents. However, the detailed results reflect the nu-
merous interactions that give rise to complex intensity
transfers. The most important is the Fermi interaction

between v; and 2v5(A4;), whereas Coriolis and higher
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order interactions also have a significant role. In the
present work, the vibrational assignment is based on
the eigenvector matrix. Due to the overall complexity
of the nonad band system, this labeling may not always
correspond to conventional methods based on line se-
ries. As a matter of fact, the major eigenvector com-
ponent is smaller than 1/v/2 for 40% of the calculated
energy levels at J = 10 and for 60% at J = 20. Fi-
nally, the importance of the fitted J—dependent terms
in Table 4 should be emphasized. If set to zero and
not adjusted, the standard deviation of the fitted in-
tensities is drastically increased from 3.6% to 57%.

A line list of the predicted spectrum in three spectral
intervals of the nonad (in v, v3+vs and v4) is reported
in Tables 7a, 7b, 7c. The intensity threshold is 1024
cm/molecule at 296 K. A question mark in the assign-
ment column indicates that |AK| exceeds 2 and points
to perturbation allowed transitions. Note that the K
assignment is done automatically by the computer pro-
gram on the basis of the eigenvector component anal-
ysis. The residuals for positions and intensities are
quoted when the corresponding data are included in
the fits.

The corresponding synthetic spectrum is plotted in
Figs. 5 a,b,c and compared with the experimental Kitt
Peak spectrum recorded with pressures of 4.88 or 0.72
Torr and a path length of 2.40 m. These portions
include strong allowed and weak forbidden lines illus-
trating the ability of the theoretical model to account
for all the observed features. In Fig. 5c one can see
extra features in the experimental trace assigned to

residual 12C Hy lines.
Figure 5a - Figure 5b - Figure 5¢

Remote sensing of monodeuterated methane in the
terrestrial atmosphere has been hampered by incom-
plete spectroscopic information available in this spec-
tral region. For example, atmospheric investigators
(37,38) was able to use only five transitions of CH3zD
in the analysis of the ATMOS spectra. Fortunately,
the present study confirms exactly their assumed in-

tensities reported by Rinsland et al. (38); the aver-

aged ratio of prior (37,38) to the present intensities is
0.999 + 0.025. Our new analysis now provides a much
wider selection of well-characterized CH3D transitions
for atmospheric applications. These results, along with
those from Fejard et al. (36), are available in the 2002
databases for HITRAN and GEISA (39,40).

5. CONCLUSION

After 30 years (11), the complex spectrum of CH3D
from 5 to 3 um is well understood. All 13 compo-
nents of the nine bands are assigned, and their posi-
tions and intensities are reproduced to within a fac-
tor of 2 of the experimental uncertainties. From the
theoretical point a view, this work represents a first
successful achievement of the tensorial model applied
to a complex band system of symmetric top molecules
involving both positions and intensities in a consistent
way. It is a demonstrative example of the efficiency of
the global approach of vibrational extrapolation. Fu-
ture prospects to investigate bands of CH3D at shorter
wavelength are underway. Works are in progress using
the MIRS package with a similar global approach to
analyse the spectrum of CH3Cl in the 3 pum region and

at longer wavelength.
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9. FIGURE CAPTIONS

1. Reduced upper state energies in cm™! versus up-
per state J for the nine bands (nonad) of CH3D be-
tween 3 and 5 um. The upper panel shows the cal-
culated levels, and the lower panel shows the assigned
levels.

2. The unapodized spectrum of CH3D observed with
the Fourier transform spectrometer located at Kitt
Peak National Observatory. The resolution is 0.012
em™L.

a) The gas pressure is 15.5 Torr at 293.4 K of an en-
riched sample containing 98%CH3D. The optical path
is 10 cm. The strongest band in the region is v4 near
3017 em~ 1.
residual COxs.

b) The gas pressure is 20 Torr at 295 K, and the

path is 1.5 m. The strong Q branches near 2780 cm ™!

The band near 2350 cm™! arises from

belong to vz + vs(E).

3. Retrieval of positions and intensities by least
squares curve fitting in the @ branch region of v4. The
observed and synthetic spectra are overplotted in the
lower panel and the residual differences are shown in
the upper panel. The gas pressure is 4.98 Torr at 296.1
K, and the opticai path is 0.0205 cm.

4. Distribution of measured line intensities in the
nonad. The observed intensities are plotted as a func-
tion of the line positions. Values in cm=2 atm =1 at 296
K have been multiplied by 4.033 x 102 to convert to
the intensity units of HITRAN (cm/molecule).

5. Examples of calculated (lower trace) and observed
spectra of CH3D in three spectral regions: a) P(J =
14) branch of vo, b) RQ(K = 0) of vz + vs (E) at
2780 cm™1! ¢) R branch of v4 at 3078 cm~!... The gas
pressure is 4.88 (a,b) or 0.72 (¢) Torr at 291 K, and
the path is 2.4 m.

10. TABLE TITLES

1. Experimental conditions

2. Examples of retrieved positions and intensities
for CH3D

3a. Effective Hamiltonian for the ground state, triad
and nonad of CH3D Vibrationally diagonal terms

3b. Effective Hamiltonian for the ground state, triad
and nonad of CH3D Vibrationally oﬁ-diagonal terms

4. Effective transition moment terms for the nonad
of CH3D

5a. Detailed statistics of the simultaneous fit for the
triad positions of CH3D

5b. Detailed statistics of the simultaneous fit for the
nonad - triad positions of CH3D

6. Detailed statistics of the simultaneous fit for the
nonad positions and intensities of CH3D

7a. A sample of observed and calculated positions
and intensities. P(J = 14) branch of v

7b. A sample of observed and calculated positions
and intensities. RQ(K = 0) of v3 + v5

7c. A sample of observed and calculated positions

and intensities. R branch of vy



Table 1 - Experimental conditions

Pressure (Torr) Path Length (m) Temperature (K)
1800 to 5500 cm~ T bandpass at 0.011 cm ™" resolution

498 0.0205 296.1 n
6.60 0.0205 296.1 n
9.38 0.0205 296.1 n
4.88 0.05 291.0
2.40 0.10 294.7 n
4.00 0.10 294.5 n
7.00 0.10 294.9 n
15.50 0.10 294.3 n
1.01 0.25 295.6
2.00 0.25 295.6
4.50 0.25 295.8
9.73 0.25 295.9
0.72 2.39 201.0
4.88 2.39 291.0
20.0 1.50 294.9 n
40.2 1.50 294.9 n
89.6 1.50 295.6
1000 to 2650 cm~! bandpass at 0.0056 cm ™~ resolution
0.13 25.0 296.4
1.31 25.0 296.4
1.31 97.0 296.4

n indicates a new spectrum not available in Ref. 16.
The detectors are InSb and As-doped Si, respectively for the two spectral regions.



Table 2 - Examples of retrieved positions and intensities for CH3D

Observed Position Obs-Av Diff Path Length Pressure Observed Intensity = Obs-Av Diff  Temperature

cm™! cm™! m Torr cm~2 atm™! % K
2160.768301 -0.00027 0.100 15.5 1.475x1071 -1.9 294.3
2160.768391 -0.00018 0.0205 6.60 1.410%x10~1 -6.2 296.1
2160.768407 -0.00016 0.250 2.00 1.555%x10~1 3.4 295.6
2160.768436 -0.00013 0.0205 9.38 1.600x10! 6.4 296.1
2160.768455 -0.00011 0.0205 4.98 1.432x10°1 4.7 296.1
2160.768586 0.00002 0.100 2.40 1.514x107! 0.7 294.7
2160.768631 0.00006 0.100 7.00 1.499x10~1 -0.3 294.9
2160.768636 0.00007 0.100 4.00 1.556x101 3.5 294.5
2160.768647 0.00008 0.250 1.01 1.534x 107! 2.0 295.6
2160.768658 0.00009 0.250 4.50 1.478x10~1 -1.7 295.8
2160.768754 0.00019 2.39 0.721 1.475x101 -1.9 291.0
2160.768925 0.00036 0.050 4.88 1.513x101 0.7 291.0

**9160.768569 0.00017 E’= 128.667 12 1.503x10~1 3.4 = average
2581.836560 -0.00046 1.50 40.2 2.447%1073 -1.9 294.9
2581.836870 -0.00015 1.50 20.0 2.420%x 103 -3.0 294.9
2581.837332 0.00031 25.0 0.229 2.507x10~3 0.5 296.4
2581.837333 0.00031 2.39 4.88 2.601x10~3 4.3 291.0

**9581.837024 0.00033 E"= 23.279 4 2.494x 1073 2.8 = average
3080.060531 -0.00035 0.100 15.5 1.124x10-1 1.6 294.3
3080.060643 -0.00023 0.0205 4.98 1.026x10~1 -7.2 296.1
3080.060661 -0.00022 0.0205 " 9.38 1.142x101 3.2 296.1
3080.060681 -0.00020 0.100 7.00 1.120x10! 1.2 294.9
3080.060687 -0.00019 0.0205 6.60 1.055%x10~1 . -4.7 296.1
3080.060815 -0.00006 0.100 2.40 1.146x 101 3.5 294.7
3080.060816 -0.00006 0.100 4.00 1.143%10-? 3.3 294.5
3080.060877 0.00000 0.250 2.00 1.132x101 2.3 295.6
3080.061039 0.00016 0.250 4.50 1.107x 101 0.1 295.8
3080.061147 0.00027 0.250 1.01 1.004x 10! -1.1 295.6
3080.061742 0.00087 0.050 4.88 1.082x101 -2.2 291.0

**3080.060876 0.00032 E?= 291.362 11 1.106x101 3.3 = average

Intensities are given at 296 K for 100% CH3D



Table 3a - Effective Hamiltonian for the Ground State, Triad and Nonad of CH3D
Vibrationally diagonal terms

Vib Type (degree) Rot deg # of terms Matrix Elements Characteristics Lower order
max pos. / adj. A K (max) vibrational involvement parameters / cm ™!
000000 000000 (0) 8 23 17 6 All vib diag blocks gg ’i 15522
001000 001000 (2) 6 14 11 6 v3,2v3,V3 + Vs, V3 + Vg o3 ~ 1307
000010 000010 (2) 6 39 25 6 vs,2vs5, V3 + Vs, Vs + Vg as o~ 1472
000001 000001 (2) 6 39 21 5 Vg, 2vg, V3 + Vg, Vs + Vg og ~2 1161
100000 100000 (2) 6 14 9 6 121 ay >~ 2969
010000 010000 (2) 6 14 9 6 vy oy ~ 2200
000100 000100 (2) 6 39 21 5 A o4 ~ 3017
002000 002000 (4) 4 7 5 3 2vs Aoss ~ —16
Aody ~ —34
000020 000020 (4) 4 36 24 4 2vus Aok, ~ —5.6
Acdy ~ 5.9
000002 000002 (4) 4 36 22 3 2ue A ggﬁ ~15
001010 001010 (4) 4 18 13 4 v3 + Vs Acgs ~ —3.7
001001 001001 (4) 4 18 13 4 v + Vg Aozg ~ —3.4
Aofd ~ -9.3
000011 000011 (4) 4 59 24 3 Vs + Ve Aot ~10.2
Aok ~-1.8
Total 356 214 (197 adjsuted parameters)




Table 3b - Effective Hamiltonian for the Ground State, Triad and Nonad of CH3D

Vibrationally off-diagonal terms

Vib Type (degree) R«:;aieg Vibrational Selection Rules fog.f ;e:;f A K (max)
V3> Vs, 2V36 V3+Vs
001000 000010 (2) 6 s ot vt v eve 2T 17 5
V3 Vg, 2V V3+Ug
001000 000001 (2) 6 Qg > U3 + Vg, U + Vs o Vs + Vg 27 12 5
Vs> Vg, 2U5¢> Us+Us
000010 000001 (2) 6 We o Vs + Ve, Vs + Us e Vs + Vg 57 33 5
100000 010000 (2) 6 vy & Uy 17 0 -
100000 000100 (2) 6 o Vg 27 21 5
010000 000100 (2) 6 Vg & Uy 27 0 -
100000 002000 (3) 5 7y = 23 10 0 ]
100000 000020 (3) 5 V1 2ug 28 10 4
100000 000002 (3) 5 v & 2 28 0 .
100000 001010 (3) 5 vie v3tvs 18 9 2
100000 001001 (3) 5 n & U3 + g 18 0 _
100000 000011 (3) 5 V1 & s + g 38 0 -
010000 002000 (3) 5 Vg e 23 10 0 ;
010000 000020 (3) 5 Vs s s 28 0 ;
010000 000002 (3) 5 vpes 2ug 28 11 4
010000 001010 (3) 5 vy & v + s 18 0 -
010000 001001 (3) 5 vy & V3 + Vg 18 0 ;
010000 000011 (3) 5 Vg > vg + Vg 38 0 ;
000100 002000 (3) 5 Vg o Qg 18 0 ;
000100 000020 (3) 5 vy 2vg 56 23 4
000100 000002 (3) 5 vy + 2Ug 56 0 -
000100 001010 (3) 5 Vi vatus 38 17 5
000100 001001 (3) 5 Vg & V3 + Vg 38 0 -
000100 000011 (3) 5 Vg & Us + g 74 0 -
002000 000020 (4) 4 2u3 > 2us 19 0 -
002000 000002 (4) 4 2u3 > 2ug 19 0 -
002000 001010 (4) 4 23 & U3 + Ug 11 0 ;
002000 001001 (4) 4 2ug3er v3tug 11 4 2
002000 000011 (4) 4 2uges vg+tug 24 11 3
000020 000002 (4) 4 s — g 54 0 -
000020 001010 (4) 4 2u5 « V3 + U5 35 0 -
000020 001001 (4) 4 Ws o Vg + Vg 35 0 ;
000020 000011 (4) 4 2us & Vs + Ug 70 0 -
000002 001010 (4) 4 e — v3 + Us 35 0 -
000002 001001 (4) 4 2ug— v3+ig 35 13 3
000002 000011 (4) 4 2ug > vs + g 70 0 -
001010 001001 (4) 4 Vs + Us & U3 + Vg 24 0 ;
001010 000011 (4) 4 V3V vstug 46 17 3
001001 000011 (4) 4 Va4V vs+Ug 46 18 3

Total

1276

227




Table 4 - Effective Transition Moment Terms for the Nonad of CH3D

Tensorial Nomenclature Parameter value Nomenclature
Rotational  Vibrational Computer Input Rounded (St. Dev.) Ref. (8)
Fundamental Bands

1 RO(0,0A;) 000000 100000  0.77261065607E-02 7.763(21) 1075 1/(3v/2)d;

2 RI(L,IE) 000000 100000  0.19161846373E-03 1.925(14) 10—4 dM

3 R2(0,0A;) 000000 100000 -0.35751824074E-06 -3.59(92) 107

4 R2(2,0A;) 000000 100000 -0.75053947440E-06 -7.54(97) 107

5 R2(2,1E) 000000 100000 -0.13089350863E-05 -1.31(10) 108

6 RO(0,0A;) 000000 010000  0.96727778135E-02 9.714(20) 1078 1/(3v2)da

7 RI(1L,IE) 000000 010000 0.64228687801E-04 6.45(12) 105 s

8 R2(0,0A;) 000000 010000 -0.50374952106E-06 -5.28(58) 10~7

9 RO(0,0A;) 000000 000100 -0.47797707883E-01 -4.802(10) 102 2/3dy

10 RI(1,1E) 000000 000100 -0.37067725936E-04 -3.72(18) 10-5  4{"; d(; d{®

11 RI(1,0A2) 000000 000100 -0.99027901881E-04 -9.95(39) 10~5  4{"; 4{?; d{®

12 RI(1,1E) 000000 000100  0.30760172566E-03 3.092(80) 10~¢ 4{"; d%?; d®

13 R2(0,0A;) 000000 000100  0.11423696906E-05 1.14(28) 10~6

14 R2(2,0A;) 000000 000100 -0.10939814661E-05 -1.09(23) 10~6

15 R2(2,1E) 000000 000100 -0.30536258283E-05 -3.07(50) 10~6

Combination Bands

16 RO(0,0A;) 000000 001010  0.36882866600E-02 3.7069(96) 10~3

17 RI(1,1E) 000000 001010  0.18945484952E-05 1.91(55) 10~

18 RI(1,0A;) 000000 001010 -0.23574914579E-04 -2.368(95) 10~5

19 RI(1,1E) 000000 001010 -0.48362376275E-04 -4.84(27) 105

20 R2(2,1E) 000000 001010 -0.57444354289E-06 -5.76(51) 10~7

21 R2(2,2E) 000000 001010 -0.32084057420E-06 -3.29(79) 10~7

22 R2(0,0A;) 000000 001010  0.53368376940E-06 5.42(60) 10~7

23 R2(2,0A;) 000000 001010  0.65215423270E-06 6.57(54) 10~7

24 RO(0,0A;) 000000 001001  0.13756691084E-02 1.3818(43) 10~3

25 RI1(1,1E) 000000 001001  0.16311439608E-04 1.635(28) 10~5

26 RI1(1,0A;) 000000 001001 -0.21007860501E-04 -2.103(31) 10~%

27 RI(1,1E) 000000 001001 -0.70888640852E-05 -7.12(56) 108

28 R2(2,1E) 000000 001001  0.48999803675E-06 4.95(21) 107

29 R2(2,2E) 000000 001001 -0.17385867659E-06 -1.72(32) 10-7

30 R2(0,0A;) 000000 001001 -0.60030946731E-06 -6.14(27) 10~7

31 R2(2,0A;) 000000 001001 -0.29634292876E-06 -3.08(23) 10-7

32 R2(2,1E) 000000 001001  0.14972683315E-06 1.47(36) 10-7

33 R2(2,2E) 000000 001001  0.42843476729E-06 4.23(27) 1077

34 RO(0,0A;) 000000 000011  0.15925647096E-02 1.6002(31) 103

35 RO(0,0A;) 000000 000011 -0.76795728083E-03 -7.717(26) 10~4

36 RI(1,0A;) 000000 000011 -0.51823063669E-04 -5.209(26) 10-%

37 RI(1,1E) 000000 000011 -0.53852640069E-04 -5.413(21) 105

38 RI(1,1E) 000000 000011  0.43047675252E-04 4.328(28) 105

39 RI(1,1IE) 000000 000011 -0.54557207284E-04 -5.481(24) 105

40 R1(1,0Az) 000000 000011  0.48151200102E-04 4.835(40) 105

41 RI(1,IE) 000000 000011  0.15927174102E-04 1.601(30) 105

42 R2(0,0A;) 000000 000011  0.38043861603E-06 3.82(17) 107

43 R2(2,0A;) 000000 000011 -0.84679199038E-07 -8.5(17) 108

44 R2(2,1E) 000000 000011  0.22681980513E-06 2.27(21) 10-7

45 R2(2,2E) 000000 000011  0.33664172999E-06 3.38(14) 107

46 R2(2,2E) 000000 000011 -0.66998657584E-06 -6.66(32) 10~7

47 R2(2,0A;) 000000 000011 -0.55355216259E-06 -5.57(31) 107

48 R2(2,0E) 000000 000011  0.62578056627E-06 6.30(36) 10~7

49 R2(2,2E) 000000 000011 -0.23180507171E-06 -2.33(18) 10~7




Table 4 - Effective Dipole Moment Terms for the Nonad of CH3D (Continued)

Nomenclature Parameter value
Rotational  Vibrational Computer Input Rounded (St. Dev.)
Overtone Bands

50 RO(0,0A1) 000000 002000  0.17864839147E-02 1.7952(34) 10™°
51 RI1(1,1E) 000000 002000  0.53172609357E-04 5.346(31) 10~°
52 R2(0,0A;) 000000 002000 0.27876453805E-06 2.80(17) 10~ 7
53 R2(2,0A;) 000000 002000 0.94534009221E-07 9.5(15) 1078
54 R2(2,1E) 000000 002000 -0.82854268560E-06 -8.33(18) 10-7
55 R2(2,2E) 000000 002000 -0.40674252612E-06 -4.06(86) 107
56 RO(0,0A;) 000000 000020 -0.60428104866E-02 -6.072(18) 103
57 RO(0,0A;) 000000 000020 0.78530870450E-02 7.891(17) 10-3
58 RI1(1,1E) 000000 000020  0.18135509519E-04 1.82(12) 10°°
59 R1(1,0A2) 000000 000020 -0.24607539343E-04 -2.47(19) 1075
60 RI(1,1E) 000000 000020 -0.80343893606E-04 -8.06(20) 10~5
61 R1(1,1E) 000000 000020 -0.36093343513E-04 -3.62(12) 1073
62 R2(2,2E) 000000 000020  0.10892821576E-05 1.093(94) 10~
63 R2(0,0A;) 000000 000020 0.68710848627E-06 6.88(80) 10~7
64 R2(2,0A,) 000000 000020 -0.66339809265E-06 -6.66(84) 107
65 R2(2,1E) 000000 000020 -0.19956643554E-05 -2.00(20) 10-°
66 R2(2,2E) 000000 000020  0.37502365247E-05 3.77(13) 106
67 R2(2,1E) 000000 000020 -0.38606822899E-06 -3.9(10) 1077
68 R2(2,2E) 000000 000020 0.14772432238E-05 1.48(22) 10-6
89 RO(0,0A;) 000000 000002 -0.44137752132E-02 -4.436(10) 10~3
70 RO(0,0A;) 000000 000002 -0.46775239911E-02 -4.700(13) 103
71 RI1(1,1E) 000000 000002 0.31216975449E-04 3.141(33) 10-°
72 RI1(1,0A;) 000000 000002 -0.35004799084E-04 -3.517(56) 105
73  R1(1,1E) 000000 000002  0.13880582342E-04 1.25(12) 1075
74 RI1(1,1E) 000000 000002 -0.18298871681E-04 -1.871(47) 10-5
75 R2(2,1E) 000000 000002 0.56777624564E-06 5.72(31) 10~7
76 R2(2,2E) 000000 000002  0.10209869044E-05 1.067(34) 108
77 R2(0,0A;) 000000 000002 -0.12866065304E-05 -1.282(54) 108
- 78 R2(2,0A;) 000000 000002 0.15836412724E-05 1.595(72) 108
79 R2(0,0A;) 000000 000002 -0.41772453820E-06 -4.18(47) 1077
80 R2(2,1E) 000000 000002  0.17643363055E-05 1.93(14) 106
81 R2(2,2E) 000000 000002 0.15987259248E-05 1.613(50) 10~
82 R2(2,1E) 000000 000002 -0.27837014033E-05 -2.78(11) 1078
83 R2(2,2E) 000000 000002 0.62370293381E-06 6.38(28) 10~7

For clarity, only a simplified nomenclature is reported here. The complete unambiguous tensorial nomen-

clature is available from the electronic file at http://www.u-bourgogne.fr/LPUB/MIRS html


http://www.u-bourgogne.fr/LPUB/MIRS.html

Table 5a - Detailed Statistics of the Simultaneous Fit

of the Triad, Nonad and Nonad—Triad of CH3D
Triad system

Band Origin Nb Fitted Jmax  St. Dev. Nb Obs St. Dev.
cm~! Energies (a) 10~% em~! Positions (b) 1073 cm~!
ve(E)  1161.103 595 24 0.15 1745 0.53
v3(A;) 1306.848 292 23 0.13 818 0.50
vs(E) 1472.023 492 21 0.17 1421 0.43
Triad (Present work) 1379 24 0.14 3467 0.51
Triad (Ref. 16) 3467 21
(a) Observed Energy levels reported by Ulenikov et al. (10)

(b) Assignments Reported by Tarrago et al. (3)



Table 5b - Detailed Statistics of the Simultaneous Fit
of the Triad, Nonad and Nonad—Triad of CH3D
Hot Band System

Band Origin Nb Fitted Jmax  St. Dev.
cm™! Positions 10-3 cm™!

2V6(E) - Vs 851 0 - -
vz + Vg — Vs 993 0 - -
21/5 (Al) -3 1010 0 - -
2v6(E) — v3 1016 1 14 -
Vo — Ug 1039 7 13 0.30
2u3 — vy 1126 8 19 1.00
vs + vg(E) — vg 1151 164 14 0.70
2ug(A1) — v 1155 402 17 0.44
V3 + Vg — U3 1158 270 15 0.70
vs + vg(Ay) — vs 1161 53 12 0.52
2wg(E) - vg 1162 586 19 0.60
Vs + VG(Az) —Us 1163 115 14 0.54
2u3 —vg 1291 237 17 0.59
v3 + vg — Vs 1304 207 14 0.52
V3 +vg — g 1304 373 17 0.71
vs + Ug(E) — v3 1316 34 13 0.68
vs + vg(Ay) —vs 1326 13 11 0.61
vs + vg(Az) — vs 1328 9 9 0.47
2v3 —vg 1437 19 11 0.74
2U5(A1) — Vs 1438 51 10 0.67
vs + l/e,(E) - Vg 1462 246 14 0.64
2u5(E) — vs 1468 103 11 0.79
vy +vs —u3 1469 131 13 0.58
vs + ve(A1) — vg 1472 64 13 0.58
vs + vg(Az) — g 1474 209 12 0.53
v — s 1497 2 7 0.55
Vg — Us 1545 0 - -
2u5(A1) ~vs 1604 0 - -
V3 + Vs — Ug 1615 0 - -
21’/5(A1) ~- Vg 1749 0 - -
Nonad — Triad (Present Work) 3304 17 0.62

Nonad — Triad (Ref. 16) 2487 15 43




Table 6 - Detailed Statistics of the Simultaneous Fit of the Triad, Nonad and Nonad—Triad of CH3D
Nonad Band System

Band Origin Nb Fitted Jmax  St. Dev. Nb Fitted Jmax St. Dev. Nb Calc. Int. Summation

cm™! Positions 103 cm~! Intensities % Lines cm/molecule
vy (E) 2200.041 588 22 0.61 250 18 27 % 1142 7.85 10719
2v6(Ay) 2316.273 584 19 0.96 206 18 34 % 1450 1.46 10719
2v6(E) 2323.289 1160 20 0.70 280 19 33 % 3219 6.77 10720
vs +vg(E)  2465.458 531 17 0.82 161 14 4.4 % 2244 1.09 10—20
2v3(A1) 2597.681 382 17 0.79 198 16 32% 1090 1.96 10-2¢
vs + v6(E)  2623.433 592 15 0.77 232 14 39% 2498 1.36 10720
w5 +ve(A1)  2633.155 138 15 0.56 69 14 32% 674 9.37 10~%
us + vg(A2) 2634.838 354 15 0.77 172 14 3.5 % 1578 1.41 102
v3+vs(E)  2776.287 451 16 0.88 138 14 3.0 % 2563 6.32 10-20
2u5(A;) 2910.120 321 18 0.97 127 16 4.6 % 2257 5.45 1019
2ws(E) 2940.098 549 18 1.3 169 15 42 % 4043 4.17 10719
v1(A1) 2969.512 374 18 1.2 124 16 4.2 % 2501 5.28 10~19
va(E) 3016.713 772 20 0.92 333 18 35 % 5125 6.33 10~18
Nonad (Present Work) 6796 22 0.88 2459 19 3.6 % 30384 8.95 10~ 18

Nonad (Ref. 16) 5208 18 47 1007 15 43% 24302 8.65 101




Table 7a - Predicted Spectrum of the Nonad of CH3D (v, region)

Positions (cm™*) Intensities (cm/molecule) Assignment
Cale 0 — C x 1000 Calc O~—-C/C % vibrational rotational
2198.00288 -0.1 0.154 10~%° v2(Ap) 9Q(7, 3,41)
2198.00296 0.154 1020 va(Ar) QQ( 7, 3,A2)
2198.01538 -0.3 0.680 10—21 va(A1) QQ(11, 9,4,)
2198.01540 0.680 102 va(4) QQ(11, 9,45)
2198.03712 0.1 0.731 10-%2 va(Ar) QQ(16,16,E )
2198.06582 0.1 0.273 1020 vo( A1) QQ(9,7.E)
2198.11309 0.4 0.223 10-% 2ug( A1) RP(15 1,E)
2198.18486 0.191 10-20 vo(Ar) QQ(10, 9,A3)
2198.18487 -0.6 0.191 10~20 1.8 vo(A;) QQ(10, 9,A;)
2198.22464 0.6 0.151 10~20 0.3 vo(As) QQ(11,10,E)
2198.25716 0.151 10~2¢ vo(Ar) QQ(15,15,45)
2198.25716 0.151 10-2 va (A1) QQ(15,15,4,)
2198.26897 1.2 0.263 10-2° va (A1) QQ(7,4E)
2198.29547 0.2 0.271 10-2 va(Ar) 2Q(6,1,E)
2198.34431 0.341 10~20 va(41) QQ( 8, 6,43)
2198.34431 -0.5 0.341 10-%0 0.4 va( A1) QQ( 8, 6,4;)
2198.40956 -0.0 0.106 10~20 va(A1) QQ(6,2E)
2198.41369 0.450 1022 2vg(A;) QP(14, 7,.E )
2198.46282 -0.1 0.297 10~ 2.3 va(A1) QQ(14,14E)
2198.48718 0.668 10~23 2ug(A;) QP(15,12,45)
2198.48718 0.668 10~23 2ug(A;) QP(15,12,4,)
2198.59943 0.232 10~% vo(Ar) QQ( 6, 3,45)
2198.59946 -0.0 0.232 1020 va(41) QQ( 6, 3,4;)
2198.61005 0.388 10720 vo(A1) QQ(7,5E)
2198.62784 0.5 0.324 1020 4.1 va( A1) QQ(9,8E)
2198.65344 0.551 10~2! va(A;) QQ(13,13,E)
2198.80589 0.1 0.401 10-2 1.6 va(A;) QQ(5, L,E)
2198.83019 0.966 10~ va (A1) 2Q(12,12,42)
2198.83019 0.966 10-21 v (A1) QQ(12,12,4,)
2198.83438 0.8 0.427 10~% va(A1) QQ(8,7,E)
2198.86471 0.4 0.394 10720 va(41) 2Q(6,4,E)
2198.91969 0.2 0.158 1020 14 vo(Ar) QQ(5,2,E)
2198.99410 -0.7 0.160 10—20 2.2 vy (A1) QQ(11,11,E)
2199.02537 0.521 10~2° va(A1) QQ( 7, 6,42)
2199.02537 0.0 0.521 10~20 va(Ar) QQ( 7, 6,41)
2199.10907 0.3 0.344 10~20 1.2 va(Ay) QQ( 5, 3,41)
2199.10908 0.344 10720 va(Ay) QQ( 5, 3,42)
2199.14798 -0.4 0.249 10—20 14 va(A;) QQ(10,10,E )
2199.20475 0.2 0.582 10~20 va(4y) QQ(6,5E)
2199.20543 0.356 10~20 va(Ay) QQ( 9, 9,42)
2199.20543 0.356 10~20 vo(Ar) QQ(9,9,4;)
2199.23009 1.1 0.594 10~ va(Aq) QQ(4,1,E)
2199.32746 0.385 10~ 2ug(E) PQ(10, 9,45)
2199.32747 0.385 10~21 2ug(E) PQ(10, 9,41)
2199.34364 0.4 0.233 1020 4.0 va(4) eQ(4,2,E)
2199.37363 1.0 0.584 10~20 va(Ar) QQ(5,4,E)
2199.39655 -1.6 0.506 10~20 vo(4) QQ(8,8,E)
2199.51407 0.652 10~20 va (A1) eQ(7,7E)
2199.53260 0.508 10~20 vo(4r) QQ( 4, 3,4;)
2199.53260 -1.0 0.508 10~20 0.8 vo(Ar) QQ( 4, 3,4;)




Table 7a - Predicted Spectrum of the Nonad of CH3D (v, region) (continued)

Positions (cm™1) Intensities (cm/molecule) Assignment
Calc O — C x 1000 Calc O - C/C % vibrational rotational
2199.56872 0.894 10~21 vo(Ar) 9Q(3,1,E)
2199.61882 0.781 10~2° va(A1) QQ( 6, 6,4;)
2199.61882 0.1 0.781 1020 2.2 va(Ar) QQ( 6, 6,A43)
2199.68206 -0.0 0.351 10~20 0.6 va( A1) ?Q(3,2,E)
2199.71274 -0.5 0.862 10~20 0.5 vo(A1) QQ(5,5E)
2199.74723 0.3 0.276 10~22 2u6(E) Pp(12,2,E)
2199.82227 -0.0 0.143 1020 5.5 vo (A1) QQ(2 L,E)
2199.87068 0.765 1020 va(Ar) QQ( 3, 3,45)
2199.76658 -0.2 0.187 10~ 2us(E) Pp( 6, 6,4;)
2199.76659 0.187 102 2u6(E) PP( 8, 6,45)
2199.79655 0.8 0.864 1020 va(A1) QQ(4,4E)
2199.87068 -0.6 0.765 10~20 -1.5 va(4;) QQ( 3, 3,4;)
2199.93545 -0.5 0.561 10-20 1.9 va(Ar) QQ(2,2E)
2199.99110 -0.2 0.277 1020 1.9 ve(A1) QQ(1,L,E)
2200.12576 0.3 0.368 10—22 -1.0 2ug(A;) QP(14, 8,E)
2200.23181 -0.3 0.683 1022 2.8 2v6(A;) QP(14, 0,4,)
2200.48220 -1.4 0.874 10—23 2ug(E) SP(10, 3,A4;)
2200.48498 0.816 10-23 2u6(E) SP(10, 3,A2)
2200.72318 0.114 10~ 2ug(E) PQ(9,9,4)
2200.72326 0.113 10~ 2us(E) £Q( 9, 9,4,)
2200.82037 -0.4 0.566 10~22 1.0 2v6( A1) QP(14, 1L.E)
2200.94917 -0.3 0.387 1023 2us(E) Rp(16, 0,4;)
2200.98406 -0.1 0.940 10—22 2us(E) PP(9,4E)
2200.98967 0.373 10—23 2ug(A;) QP(15,13,E )
2201.12379 0.3 0.809 1022 3.0 2ug(A;) QP(13, 3,A4,)
2201.56841 0.4 0.827 10-%2 1.2 2ug(A1) QP(13, 3,4:)
2201.70117 -0.1 0.849 10-23 5.3 2u6(E) OP(15, 4,E )
2201.98886 0.286 10~22 2ug(A;) QP(14, 9,4;)
2201.98886 -0.0 0.286 10-22 1.3 2ug(A;) QP(14, 9,4,)




Table 7b - Predicted Spectrum of the Nonad of CH3D (v3 + v5 region)

Positions (cm™1) Intensities (cm/molecule) Assignment
Calc O —C x 1000 Calc O -C/C % vibrational rotational
2774.09293 0.726 102 vs +vs(E) TFR(14,4E)
2774.18291 -0.6 0.280 10~ 5.2 vs+us(E) PQ(4,1LE)
2774.19012 0.101 10-22 2us( A1) QP(19, 6,45)
2774.20932 0.113 1022 2u5( A1) QP(20, 4,E)
2774.24059 0.101 1022 2us (A1) QP(19, 6,4,)
2774.27845 0.213 10~2 v3+vs(E)  SQ(16,1,.E)
2774.29335 0.133 10722 vs +s(E) PR(12,7.E)
2774.31579 0.187 1022 vs +vs(43) O9R(11,5 E)
2774.32956 0.7 0.122 1072 vs+us(E)  2Q(11, 0,47)
2774.34469 0.270 10~23 vs+us(E)  SQ(7,0,45)
2774.44833 0.101 10~28 vs +v(E)  OR(18, 3,45)
2774.46632 -0.4 0.247 10~% -3.8 vs+us(E) FQ(3,1LE)
2774.53778 0.119 10~22 2ws(E) OP(16, 8,E)
2774.58085 0.320 10-% vs+us(E)  SQ(15, 1L,E)
2774.64803 0.157 10~23 vs +v6(42) 9R(14,1,E)
2774.68645 -0.7 0.194 10~% 4.6 vs+us(E) PQ(2 LE)
2774.69948 0.128 10-%2 vs +vs(E) FR(10,10,E)
2774.83737 -0.3 0.124 10-% 3.6 vs+uvs(E) PQ(1,LE)
2774.87677 0.444 1023 vs+us(E)  SQ(14, LE)
2774.99540 0.147 10723 2us(A1) Qp(18,15,45)
2774.99540 0.147 102 2us(A1) QP(18,15,4;)
2775.00257 0.168 10~22 2us(E) OP(13, 9,45)
2775.00258 0.168 1022 2us(E) OP(13, 9,4,)
2775.04701 0.2 0.193 10~% 5.4 vs+us(E)  £Q(10,0,4;)
2775.16225 0.209 10-23 2us(A1) QP(21, 9,45)
2775.17028 0.566 10~23 vs +vs(E)  SQ(13, LE)
2775.17496 0.198 10~23 2us (A1) QP(21, 9,4,)
2775.36746 -0.6 0.135 10722 vs +vs(As) QR(12,4,E)
2775.46780 0.3 0.652 10~23 vs+us(E)  SQ(12, LE)
2775.51493 0.130 1022 2us(A1) QP(20, 3,45)
2775.59186 0.129 10722 2u5(A1) QP(20, 3,4;)
2775.62084 0.209 10-23 vs +vs(E) BR(16,1,E)
2775.71561 0.115 102 2v5(E) RP(18,13.E)
2775.77620 0.670 10723 vz +us(E)  °Q(11, 1L,E)
2775.82245 -0.2 0.276 10~2 4.6 vs+vus(E)  RQ(9,0,A4;)
2775.88795 0.288 10723 2vs5( A1) QP(20,1L,E )
2776.10076 -1.0 0.606 10723 vs+uvs(E)  SQ10,1L.E)
2776.17913 0.141 1072 2us(Ar) QP(19,14,E )
2776.35777 0.146 1022 2us5(A;) QP(20, 2,E )
2776.44322 0.477 10~23 vs+us(E)  9Q(9,LE)
2776.61633 -0.5 0.363 10~ 0.8 v3+us(E)  RQ(8,0,4;)
2776.77912 0.401 10723 vs +s(E)  ER(15, 3,4)
2776.79491 0.527 10—23 2us(E) P(18, 7,.E )
2776.79664 0.155 10~22 2us( A1) QP(20, 1L.E)
2776.80063 0.323 10-% vs+uvs(E)  SQ(8,LE)
2776.81522 0.103 10~22 vs +Us(E)  ER(13, 6,45)
2776.81522 0.103 10~%2 vs +g(E) FR(13, 6,4,)
2776.83789 0.363 1028 vs +vs(E)  FR(15, 3,4;)
2776.88920 0.850 10~23 vs +vg(A2)  QR(13, 3,4,)
2776.93604 0.158 10~22 2us(A1) QP(20, 0,4;)




Table 7b - Predicted Spectrum of the Nonad of CH3D (3 + vs region) (continued)

Positions (cm™") Intensities (cm/molecule) Assignment
Cale O — C x 1000 Calc O ~CJ/C% vibrational rotational
2777.16544 0.186 10-= v3+vs(E) °Q(7, LE)
2777.16954 0.102 10-23 vs+us(E)  SQ(16,2,E)
2777.17521 0.800 10~23 vs +vs(Az)  9R(13, 3,A;)
2777.25494 0.190 10-% 2v5( A1) QP(17,15,45)
2777.25494 0.190 10-% 2us(A1) QP(17,15,4,)
2777.34381 0.132 10722 vs +us(E)  BR(11, 9,45)
2777.34381 0.132 10722 vs +(E)  BR(11, 9,A1)
2777.39033 -1.2 0.446 1021 vs+us(E)  BQ(7,0,43)
2777.39960 0.131107% v3+us(E)  SQ(15,2,E)
2777.41419 0.128 102 vs +vs(A1) 9R(17,2,E)
2777.42061 0.266 1023 2us(4;) QP(19,12,45)
2777.42061 0.266 10-% 2u5(A;) QP(19,12,4,)
2777.64098 0.154 1023 vs+us(E)  SQ(14,2E)
2777.80255 -2.8 0.661 10~ 2vs(E) OP(17,7,E)
2777.90025 0.165 10~23 vs +us(E)  SQ(13,2,E)
2778.11523 -1.2 0.512 102 -1.0 vs+us(E)  BQ(86,0,4;)
2778.18234 0.160 10~% vs+us(E)  SQ(12,2,E)
2778.39533 0.265 10~23 vs + (A1) 9R(17,1,E)
2778.43506 0.108 1023 2us(E) RpP(17,13,E)
2778.48973 0.141 1072 vs+us(E)  SQ(11,2,E)
2778.51215 0.200 10~23 2us(E) PP(21,21,45)
2778.51215 0.200 10~23 2vs(E) PP(21,21,4,)
2778.53250 0.161 10~%2 2ws( A1) 9P(19,5,E)
2778.60819 0.179 10~2 2us(A1) QP(16,15,45)
2778.60819 0.179 10~23 2us (A1) 9P(16,15,4,)
2778.70738 0.379 10~28 2ws(A1) 9P(20,10,E )
2778.76965 -1.6 0.550 102 vs+uvs(E)  FQ(5,0,45)
2778.78483 0.168 1022 2us(E) OP(15, 8,E )
2778.82196 0.112 10~23 vs+us(E)  SQ(10,2,E)
2778.89776 0.113 102 v4(E) PpP(22,20,E )
2778.96508 0.238 10723 v1(41) QP(21, 8,E)
2779.14518 0.191 10-22 2us(E) Op(12, 9,45)
2779.14518 -0.5 0.191 1022 2us(E) ©P(12, 9,4,)
2779.31366 0.408 10~23 vs +vs(E)  FR(17, 0,45)
2779.33752 1.1 0.549 10~ -1.2 vs+us(E)  FQ(4,0,4)
2779.36550 0.104 10~23 2u5( A1) "P(14, 6,A3)
2779.37498 0.105 1023 2us (A1) "P(14, 6,4;)
2779.44844 0.720 10~23 vs +v(E) FR(14, 5,E)
2779.74836 0.247 10~23 2u5(A1) QP(18,14,E)
2779.77964 0.119 10~%2 vs +vs(E) FR(12,8,E)
2779.80633 -1.0 0.501 10-2! -3.4 v3+us(E)  £Q(3,0,45)
2779.83454 0.381 10~ vs + vg(As) 9R(14, 2,E)
2780.14367 0.171 10~ 2us (A1) QP(19,13,E)
2780.16639 -0.7 0.403 102! -2.8 vs+us(E)  £Q(2,0,4;)
2780.19080 0.169 10~22 2us (A1) QP(18, 6,41)
2780.22406 0.170 10~22 2us (A1) QP(18, 6,43)
2780.41046 -0.6 0.262 10~2! -3.4 vs+uvs(E)  BQ(1,0,45)
2780.50192 0.178 1028 vs +vs(E) FR(16, 2,E)
2780.78236 0.150 10-% v1(41) P(16, 7,.E )
2780.93800 0.144 10~22 vs +vs(41) 9R(9, 8E)




Table 7b - Predicted Spectrum of the Nonad of CH3D (v3 + v5 region) (continued)

Positions (cm™1) Intensities (cm/molecule) Assignment
Calc O - C x 1000 Cale O ~-C/C % vibrational rotational
2780.98501 0.425 10-% 2us(A;) 9P(20, 9,4;)
2780.98710 0.424 10~ 2us (A1) QP(20, 9,42)
2780.99776 0.2 0.209 1022 2v5(A1) QP(19,4,E)
2781.10158 0.485 10~ 2vs(A1) QP(19,11,E)
2781.32686 0.318 10723 ws(E) RP(18,12,4,)
2781.32686 0.318 10~ 2us(E) £p(18,12,4;)
2781.36610 -0.5 0.181 10~% vs +vg(42) 9R(10, 7,.E)
2781.43753 0.822 10~% 2us(E) P(17,7.E)
2781.57045 -0.6 0.111 10-% 2us( A1) P(12,7,E)
2782.01029 0.165 1022 vs + vs(A2) “R(11, 6,43)
2782.01031 -0.3 0.165 1022 vs +v(42)  9R(11, 6,A41)
2782.21293 0.449 1023 vs +u(E) ER(15,4E)
2782.23330 0.3 0.957 10-% vs +vs(E) ER(13,7,E)
2782.24377 0.105 10-% 2u5( A1) "P(15, 5,E )
2782.44877 0.249 10722 2u5(Ay) QP(19, 3,4,)
2782.51508 -0.7 0.242 10~2 2u5(A) 2P(19, 3,42)
2782.74893 0.220 102 v1(41) P21, 7,.E)
2782.81994 -2.0 0.110 10~22 vs +v6(E) FR(11,10,E)
2782.83190 0.368 10~ % 2v5(A;) QP(17,14,E )
2782.93167 0.7 0.127 10722 vs +vg(4s) 9R(12,5,E)
2783.08072 0.135 10~2 vy(E) Pp(22,19,E )
2783.09423 1.4 0.221 1022 2us(E) OP(14, 8,E)
2783.31490 3.1 0.891 10~23 2vs(E) OP(16, 7,E )
2783.36194 0.194 10722 2v5(E) OP(11, 9,45)
2783.36194 0.194 10722 2u5(E) OP(11, 9,41)
2783.36866 0.120 10-% 2u5(E) "P(19, 6,4;)
2783.37236 0.273 10~22 2u5(A;) QP(19, 2,E)
2783.76617 0.370 1022 vs+us(E)  BQ(i1, 1,E)
2783.78350 0.607 1022 vs+us(E)  BQ(10, L,E)
2783.85405 0.289 1022 2vs (A1) QP(19, LE)
2783.88227 0.211 10722 vs+us(E)  BQ(12, 1,E)
2783.91583 -0.1 0.930 10—22 vs+us(E)  BQ(9, LE)
2783.96004 0.350 10~ 2us(A;) QP(18,13,E )
2784.00687 0.294 1022 2ug(A;) QP(19, 0,4,)
2784.04270 0.108 10~23 vs +ve(E) FR(17,LE)
2784.14026 -0.7 0.133 1072 vs+vs(E) EQ(8,LE)
2784.14488 0.113 10722 v3+us(E)  EQ(13, LE)
2784.14983 0.710 102 2us(A;) QP(19,10,E )
2784.15404 0.247 10~2 v4(E) PP(21,20,E)
2784.27573 0.852 10~23 vs +vg(Az) 9R(13, 4,E)
2784.38640 0.150 10-23 2us(E) RP(19,12,4,)
2784.38640 0.150 10—23 2us(E) RP(19,12,4))
2784.43084 -0.2 0.175 10~% 0.3 vs+us(E)  BQ(T7,LE)
2784.56147 0.569 10-23 v3+vs(E)  £Q(14, 1,E)
2784.66375 0.481 10723 vi(A1) QP(20, 8,E)
2784.75694 0.333 1023 2us(F) RP(17,12,A5)
2784.75694 0.333 102 2us(E) EP(17,12,4;)
2784.76024 -0.2 0.214 10~2 vs+us(E)  £Q(6,1L,E)
2784.78259 0.693 10~23 vs+vs(E) BR(14, 6,A4;)
2784.78260 0.693 10~23 vs +ve(E) FR(14, 6,45)




Table 7b - Predicted Spectrum of the Nonad of CH3D (v3 + vs region) (continued)

Positions (cm™1) Intensities (em/molecule) Assignment
Calc O — C x 1000 Calc O -C/C % vibrational rotational

2784.79243 0.200 10-% vs +s(E) TR(16, 3,4;)
2784.92179 0.153 10~23 vs +vs(E) FR(16, 3,45)
2784.95646 -0.1 0.281 1022 2us(A1) QP(18, 5,E )
2785.10139 -0.4 0.239 10~%# -0.3 v3 +vs(E) BQ(5 LE)
2785.13428 0.271 1072 v3+vs(E) FQ(15, 1L,E)
2785.28620 0.5 0.103 1022 vs +vg(E) FR(12, 9,41)
2785.28622 0.103 10722 vs +vg(E) FR(12, 9,42)
2785.33272 0.462 10723 2us(A;) QP(16,14E)
2785.42892 -0.6 0.241 10~ vs+us(E) BQ(4,1,E)
2785.69881 0.140 10~23 2us(A;) "P(13, 6,41)
2785.70310 0.140 10-28 2us(A;) "P(13, 6,45)
2785.72019 -0.6 0.211 10~2 vs+us(E) EQ(3,1LE)
2785.80735 0.709 10-28 2u5(A1) QP(18,11,E)
2785.84152 0.169 10-% 2us(Ay) "P(17, 3,45)
2785.86121 0.123 10-23 v3+us(E) £Q(16, LE)
2785.95615 -0.5 0.139 10-2 vs+us(E) RQ(2,1E)

2785.95620 0.121 10~22 2us(E) 'P(16, 7,E)




Table 7c - Predicted Spectrum of the Nonad of CH3D (v4 region)

Positions (em™1) Intensities (em/molecule) Assignment
Calc O - C x 1000 Calc O -C/C % vibrational rotational
3076.00996 02111077 vy(E) 9R(7,2,E)
3076.04847 0.107 1022 2us(E) RR(15, 4,E )
3076.06087 1.2 0.596 10~22 2us( A1) "R(12, 5,E )
3076.08572 0.157 10~22 2us(A) QR(19, 6,4,)
3076.17764 0.164 1022 2v5( A1) QR(19, 6,4;)
3076.28587 0.4 0.914 10~%0 v4(E) PR(T7,L,E)
3076.31857 0.9 0.174 10~2° vy(E) PR(8,5E)
3076.36280 0.744 10~22 2u5( A1) QR(18, 1,E)
3076.44421 0.276 1022 vi(A1) "R(14, 3,A4;)
3076.44968 0.291 10~1° vy(E) RR( 6, 3,45)
3076.44973 -0.1 0.291 10~19 v4(E) RR( 6, 3,41)
3076.45910 0.609 10~22 va(E) PR( 9, 9,A2)
3076.45910 0.609 10~22 ve(E) PR(9,9,4;)
3076.51136 0.753 1022 2u5( A7) QR(18, 0,4;)
3076.53679 0.806 1022 v4(E) OR(13,8,E)
3076.60740 0.313 10722 2u5(E) RR(15,5,E )
3076.62563 0.128 102 vi1(A;) OR(13, 4,E)
3076.64012 0.136 10~21 2us(E) SR( 9, 3,4;)
3076.64026 0.137 10~ 2us(E) SR( 9, 3,45)
3076.66937 0.212 10-23 2us(E) "R(12, 3,42)
3076.66954 0.220 10—28 2us(E) "R(12, 3,4;)
3076.86007 0.381 1022 va(E) OR(11, 6,4;)
3076.86185 0.381 10-22 vy(E) OR(11, 6,43)
3076.90706 0.131 10~ 2us(E) RR(13, 2,E )
3076.92203 0.391 10~23 2u5(A;) QR(20, 8,E )
3076.94406 0.312 10~23 v1(4r) "R( 8, 3,42)
3076.94407 0.311 10-28 v1(4) "R( 8, 3,4,)
3076.97563 0.942 10-% 2vs(E) "R(18, 6,42)
3076.98591 0.122 10-28 2vs(E) SQ(17, 7.E)
3077.00389 0.670 10—23 v1(A1) "R(15, 6,Az)
3077.01087 0.402 102 2us(A;) "R(16, LE )
3077.20287 6.0 0.366 10~2! 2v5(E) 'R(13, L,E)
3077.23634 L7 0.194 10-2 vi(A1) QR(12, 7.E)
3077.24384 0.608 10~22 vy(E) SR( 6, 0,4;)
3077.31133 0.134 10~22 v1(41) QR(14,14,E)
3077.36024 0.300 1022 2us5(Ap) QR(18,10,E )
3077.42794 0.408 10~23 2us(A;) QR(19,15,45)
3077.42794 0.408 10~ 2us(A;) QR(19,15,4,)
3077.56416 0.690 10~ v1(41) "R(15, 6,A4;)
3077.61345 0.664 1023 2u5(A;) QR(19,13,E)
3077.64786 0.299 10-% va(E) SQ(15,8,E)
3077.97993 0.496 10~23 2us(E) "R( 8, 0,A;)
3077.99564 0.843 1022 vi1(41) QR(17, 7,E)
3078.05755 0.320 10—22 v1(Ar) QR(13,11,E)
3078.18036 -0.8 0.278 10~20 vy(E) PR(8,4E)
3078.18327 0.664 10~23 2us(E) "R(18, 6,A1)
3078.18582 0.270 10~ vi1(Ar) QR(13, 9,4;)
3078.18582 0.270 1021 vi(41) QR(13, 9,4;)
3078.26547 0.108 10-23 2us(E) OR(21, 9,4;)
3078.27275 0.290 10~23 2u5(E) ER(17,10,E)




Table 7c - Predicted Spectrum of the Nonad of CH3D (4 region) (continued)

Positions (cm™1) Intensities (em/molecule) Assignment
Calc O — C x 1000 Calc O~ C/C % vibrational rotational
3078.27424 0.107 10~ % 2us(E) OR(21, 9,42)
3078.31219 0.4 0.261 1071° -4.1 v4(E) RR(7,0,42)
3078.35422 -0.1 0.336 10~ 19 vs(E) RR(6,4,E)
3078.38312 0.455 10~23 va(E) OR(14, 9,41)
3078.38314 0.455 10~23 v4(E) OR(14, 9,45)
3078.41846 0.2 0.218 10-2 vy(E) PR(9,8E)
3078.48153 0.488 10722 va(E) QR(7,1LE)
3078.49259 0.161 10-22 2u5(A1) ’R(13, 3,41)
3078.50311 0.238 1022 2vs(A;) "R(13, 3,A42)
3078.53008 0.7 0.632 10-% 7.3 vi(A1) QR(12, 4,E)
3078.54365 0.130 10-22 v4(E) O°R(12, 7,E)
3078.57053 0.188 10~21 2us(E) PR(12, 2,E)
3078.64128 0.710 102 2us(E) PR(15,15,A2)
3078.64128 0.710 1072 2v5(E) PR(15,15,4;)
3078.77667 0.281 10-% 2ws(E) OR(20, 7,E )
3078.77923 0.3 0.321 10~ 2ws(E) "R(13,1.E)
3078.93838 0.496 10~23 2us(A1) "R(17, 0,42)
3078.95993 0.194 10-23 v1(A1) "R(17, 5,E )
3079.04934 0.112 10722 vi1(A1) R(9,2,E)
3079.05146 0.124 10~ vi(41) QR(12, 6,42)
3079.05281 0.6 0.124 10~ vi1(A) QR(12, 6,A4;)
3079.11593 0.769 10~22 vi(41) QR(14,12,42)
3079.11593 0.769 10-22 v1(41) QR(14,12,4,)
3079.15322 0.609 1023 2us(E) RR(18,12,A42)
3079.15322 0.609 1022 2ug(E) RR(18,12,4,)
3079.47317 -0.5 0.865 10~2! vi(4;) QR(13, 0,A45)
3079.68264 0.348 10722 vy(E) OR(8,2,E)
3079.68345 0.9 0.117 10~ 2us(E) OR(15, 4,E )
3079.70534 0.139 102 va(E) 5Q(11, 9,A42)
3079.70534 0.139 10—23 va(E) SQ(11, 9,4;)
3079.72170 0.254 1022 2us(A;) QR(19, 5,E)
3079.77104 0.4 0.299 102 2us(E) SR(8,5E)
3079.81485 0.434 10-22 2us(A;) QR(18, 9,4;)
3079.81604 0.434 10722 2u5(A1) QR(18, 9,42)
3079.83700 0.569 10-23 2us (A1) "R(12, 0,A4,)
3079.87032 0.5 0.860 1022 v1(Ap) QR(16, 5,E )
3079.88388 0.132 10-23 2v5(Ay) RR(18, 1L.E)




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D

Tensorial Nomenclature

Parameter value

Rotational  Vibrational Computer Input Rounded (St. Dev.)
Groud State parameters
1 R2(0,0A;) 000000 000000 0.43370639882E+-01 fixed
2 R2(2,0A;) 000000 000000 0.27976669802E+00 fixed
3  R4(0,0A;) 000000 000000  -0.78980213575E-04 fixed
4 R4(2,0A;) 000000 000000 0.51922679070E-05 fixed
5 R4(4,0A;) 000000 000000  0.23599868612E-05 fixed
6 R4(4,3A;) 000000 000000 -0.63131101047E-06 fixed
7 R6(0,0A;) 000000 000000 0.39014875187E-08 fixed
8 R6(2,0A;) 000000 000000 0.20045260285E-09 . fixed
9 R6(4,0A;) 000000 000000 0.11777289749E-09 fixed
10 R6(4,3A,) 000000 000000 0.76905950944E-09 fixed
11 R6(6,0A;) 000000 000000  -0.63420687584E-11 fixed
12 R6(6,6A1) 000000 000000 0.45516011795E-11 fixed
13 R8(0,0A;) 000000 000000  -0.17843466965E-12 fixed
14 R8(2,0A;) 000000 000000 0.42845664335E-14 fixed
15 R8(4,0A;) 000000 000000 0.15040841452E-13 fixed
16 RS8(6,0A;) 000000 000000  -0.13098408786E-14 fixed
17 R8(6,6A;) 000000 000000 -0.39402595781E-14 fixed
Triad parameters

18 RO(0,0A;) 001000 001000 0.13068476597E-+04 1306.847660(31)
19 R2(2,0A;) 001000 001000 0.72293335985E-02 7.2292(61) 1073
20 R4(0,0A;) 001000 001000 -0.71088869160E-05 -7.06(11) 10~8
21 R4(2,0A;) 001000 001000 0.69667744801E-06 6.88(28) 10~7
22 R4(4,0A;) 001000 001000 0.11929438709E-05 1.180(26) 108
23 R4(4,3A;1) 001000 001000 0.33213344498E-05 3.328(88) 10—
24 R6(0,0A;) 001000 001000  0.23826719800E-08 2.389(53) 10™°
25 R6(4,3A;) 001000 001000  -0.13092278465E-08 -1.307(50) 10~°
26 R6(6,0A;) 001000 001000  -0.13717597346E-09 -1.375(30) 1010
27 R6(6,3A;) 001000 001000 0.11164807450E-08 1.112(30) 107°
28 R6(6,6A;) 001000 001000 0.36235730169E-09 3.59(24) 10~10
29 RI(1,1E) 001000 000010 -0.43616969908E-+01 -4.36171(23)
30 R2(2,1E) 001000 000010  0.66927163477E-03 6.78(75) 10~4
31 R2(2,2E) 001000 000010  -0.43035262783E-02 -4.35(17) 1073
32 R3(1,1E) 001000 000010  -0.15956110485E-03 -1.5905(88) 104
33 R3(3,1E) 001000 000010 0.32062698596E-03 3.198(20) 1074
34 R3(3,2E) 001000 000010  -0.12663151403E-03 -1.258(21) 10~*
35 R4(2,1E) 001000 000010 0.27371355740E-05 2.721(38) 10~
36 R4(4,4E) 001000 000010 0.10903238956E-05 1.130(84) 1078
37 R5(5,1E) 001000 000010  -0.61822997280E-08 -6.10(65) 10™°
38 R5(5,2E) 001000 000010 0.16994359432E-07 1.77(20) 108
39 R5(5,4E) 001000 000010 0.70244443844E-07 6.90(21) 10-8
40 R5(5,5E) 001000 000010  -0.15556181916E-07 -1.50(13) 1078
41 R6(4,1E) 001000 000010  0.43598218350E-09 4.30(26) 10710
42 R6(4,4E) 001000 000010  -0.11685002461E-08 -1.156(45) 10~°
43 R6(6,1E) 001000 000010 0.53654114295E-09 5.32(11) 10~
44 R6(6,2E) 001000 000010  -0.40267015417E-09 -4.05(26) 1010
45 R6(6,5E) 001000 000010 0.97662899894E-09 9.62(62) 10~10
46 R1(1,1E) 001000 000001 0.20262337644E+01 2.02625(33)
47 R2(2,1E) 001000 000001  -0.52094697611E-02 -5.22(21) 10~3
48 R3(3,1E) 001000 000001  -0.91872612179E-04 -9.23(31) 10~5




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature Parameter value

Rotational  Vibrational Computer Input Rounded (St. Dev.)
49 R4(2,2E) 001000 000001  -0.80978330322E-06 -8.08(50) 10~7
50 R4(4,2E) 001000 000001  0.69055936069E-05 6.901(60) 1076
51 R5(5,4E) 001000 000001  -0.70451406911E-07 -7.18(24) 10-8
52 R5(5,5E) 001000 000001  0.38559443715E-07 3.85(10) 1078
53 R6(2,1E) 001000 000001  0.77723669302E-09 7.83(31) 10~1°
54 R6(4,2E) 001000 000001  0.89374295108E-09 9.10(34) 10~
55 R6(4,4E) 001000 000001  -0.50838674404E-09 -5.13(35) 10~10
56 R6(6,2E) 001000 000001  0.50547722426E-09 4.98(22) 10~10
57 R6(6,4E) 001000 000001  -0.52387651247E-09 -5.16(36) 1010
58 RO(0,0A;) 000010 000010  0.14720223386E-+04 1472.022339(21)
59 R1(1,0A;) 000010 000010  0.19059397914E+01 1.905940(58)
60 R2(0,0A;) 000010 000010 -0.48791580854E-02  -4.87912(65) 103
61 R2(2,0A;) 000010 000010 -0.17786332331E-01 -1.7786(80) 1072
62 R2(2,1E) 000010 000010  0.35375198963E-01 3.535(10) 102
63 R3(3,0A;) 000010 000010 -0.11685119978E-03 -1.170(12) 104
64 R3(3,3A2) 000010 000010  -0.92701122345E-04 -9.25(26) 105
65 R4(0,0A;) 000010 000010  -0.14109707722E-05 -1.426(39) 10~
66 R4(2,0A;) 000010 000010  -0.20137684971E-05 -2.006(24) 108
67 R4(4,0A;) 000010 000010  -0.58771087979E-06 -5.75(23) 10-7
68 R4(4,3A;) 000010 000010  -0.45935623173E-05 -4.570(91) 10~
69 R5(3,0A2) 000010 000010  0.44883776949E-08 4.497(51) 10~°
70 R5(5,3A2) 000010 000010  0.42602846887E-07 4.31(16) 10-8
71 R6(2,1E) 000010 000010  -0.71352697078E-09 -7.18(31) 10~
72 R6(2,2E) 000010 000010  0.13280075223E-08 1.323(37) 10~°
73 R6(4,0A;) 000010 000010  0.86336510403E-10 8.57(23) 1071
74 R6(4,3A,) 000010 000010  -0.25583736650E-08 -2.503(68) 10~°
75 R6(4,1E) 000010 000010 -0.33810465865E-09 -3.43(30) 10710
76 R6(4,4E) 000010 000010  -0.50042357951E-09 -5.06(42) 10710
77 R6(6,0A;) 000010 000010  0.16216584075E-09 1.623(33) 10710
78 R6(6,6A;) 000010 000010  -0.38886392632E-09 -3.86(18) 10710
79 R6(6,1E) 000010 000010  -0.28773183471E-09 -2.92(17) 10710
80 R6(6,2E) 000010 000010  -0.12918494552E-08 -1.291(49) 107°
81 R6(6,4E) 000010 000010  0.15457642507E-08 1.539(49) 10~°
82 R6(6,5E) 000010 000010  -0.38213207753E-08 -3.828(64) 10~°
83 RI1(1,0A;) 000010 000001 -0.15674390220E+01 -1.5673(90)
84 RI1(1,1E) 000010 000001  0.31382159585E+01 3.1382(85)
85 R2(2,0A;) 000010 000001  -0.85429912072E-02 -8.55(20) 1073
86 R2(2,2E) 000010 000001  0.16237055148E-01 1.618(20) 1072
87 R3(3,3A;) 000010 000001  -0.74578262949E-04 -7.46(18) 1075
88 R3(3,1E) 000010 000001  0.13493966637E-03 1.361(50) 10~
89 R3(3,2E) 000010 000001  0.29236265388E-03 2.898(72) 10~
90 R4(0,0A;) 000010 000001  0.15413682927E-05 1.533(35) 10~
91 R4(2,2E) 000010 000001  0.97544815002E-06 9.48(75) 10~7
92 R4(4,0A;) 000010 000001  0.79407202576E-06 8.04(30) 10~7
93 R4(4,3A;) 000010 000001  -0.52510274187E-05 -5.26(11) 10~6
94 R4(4,2E) 000010 000001  0.78970523114E-06 7.8(13) 10~7
95 R4(4,4E) 000010 000001  -0.15807824644E-05 -1.581(99) 10~
96 R5(3,3A;) 000010 000001  -0.43950339969E-07 -4.38(15) 10—8
97 R5(3,0A;) 000010 000001  0.19584594035E-07 1.962(37) 108

98 R5(3,3A3) 000010 000001  -0.29536947405E-07 -2.94(17) 10-8




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature

Parameter value

Rotational = Vibrational Computer Input Rounded (St. Dev.)
99 R5(3,1E) 000010 000001 0.16027450275E-07 1.596(54) 10~°
100 R5(3,2E) 000010 000001 0.82533535136E-07 8.06(43) 10~8
101 R5(5,3A2) 000010 000001  -0.24233860642E-07 -2.37(15) 10~8
102 R5(5,1E) 000010 000001 0.66996109658E-08 6.17(64) 10™°
103 R5(5,2E) 000010 000001  -0.37151408789E-07 -3.67(19) 1078
104 R5(5,5E) 000010 000001  -0.21931779988E-07 -2.17(10) 1078
105 R6(0,0A;) 000010 000001 0.46074501797E-09 4.62(17) 10710
106 R6(2,0A;) 000010 000001 0.53916870527E-09 5.37(16) 10710
107 R6(2,1E) 000010 000001 0.38009214371E-09 3.85(23) 10710
108 R6(4,0A;) 000010 000001  0.18517898093E-09 1.80(15) 10~10
109 R6(4,3A;) 000010 000001  -0.15374242768E-08 -1.523(59) 10~°
110 R6(4,1E) 000010 000001 0.34712687590E-09 3.58(29) 10710
111 R6(6,0A;:) 000010 000001 0.20496596104E-09 2.039(90) 1010
112 R6(6,3A;) 000010 000001  -0.81136083702E-09 -8.15(37) 10-10
113 R6(6,1E) 000010 000001  -0.31454213909E-09 -3.06(14) 10710
114 R6(6,2E) 000010 000001  0.42409408481E-09 4.36(25) 1010
115 R6(6,4E) 000010 000001  -0.20148864181E-08 -2.003(45) 10~°
116 RO(0,0A;) 000001 000001 0.11611028152E+04 1161.102812(21)
117 R1(1,0A5) 000001 000001 -0.44018667665E+01 -4.401866(57)
118 R2(2,0A;) 000001 000001  0.14219940149E-01 1.4219(76) 10~2
119 R2(2,1E) 000001 000001  -0.11980417018E-01 -1.193(28) 102
120 R2(2,2E) 000001 000001 0.21449004201E-01 2.14493(51) 102
121 R3(1,0A5) 000001 000001  -0.16728937362E-03 -1.673(12) 1074
122 R3(3,0A2) 000001 000001 0.27277475381E-04 2.73(11) 1075
123 R4(0,0A;) 000001 000001  0.22331943429E-05 2.227(38) 106
124 R4(2,0A;) 000001 000001  0.18560597578E-05 1.855(16) 10~
125 R4(2,2E) 000001 000001 0.19426096845E-05 1.949(37) 1078
126 R4(4,3A;) 000001 000001 0.2689056707TE-05 2.703(76) 1078
127 R4(4,1E) 000001 000001 0.20484129723E-05 2.099(96) 1078
128 R4(4,4E) 000001 000001 0.16040540990E-05 1.604(19) 1078
129 R5(3,3A2) 000001 000001  -0.39036382752E-07 -3.79(14) 108
130 R5(5,3A2) 000001 000001 0.30373563099E-07 2.84(21) 1078
131 R6(0,0A;) 000001 000001  -0.84775433624E-09 -8.51(27) 1010
132 R6(4,1E) 000001 000001 0.57023579213E-09 5.74(66) 10~10
133 R6(4,4E) 000001 000001  0.11906376688E-08 1.157(58) 10~°
134 R6(6,3A;) 000001 000001 0.44005924744E-09 4.41(27) 10~10
135 R6(6,4E) 000001 000001  -0.12553261858E-08 -1.203(69) 10~°
136 R6(6,5E) 000001 000001  0.33454880022E-09 3.32(30) 1010

Nonad parameters

137 RO(0,0A;) 100000 100000  0.29692724532E+ 04 2969.267(12)
138 R2(0,0A;) 100000 100000  -0.12838198442E-01 -1.2868(98) 10~2
139 R2(2,0A;) 100000 100000 -0.12353431873E-01 -1.2340(37) 1072
140 R4(2,0A;) 100000 100000 -0.32873075051E-05 -3.290(70) 106
141 R4(4,0A;) 100000 100000  -0.23328645638E-05 -2.318(85) 1078
142 R6(0,0A;) 100000 100000  0.21836965171E-07 2.175(43) 10-8
143 R6(2,0A;) 100000 100000  -0.49964806396E-09 -5.03(38) 10~1°
144 * R6(4,0A,) 100000 100000 0.13125846619E-08 1.311(42) 10°°
145 R6(6,6A;) 100000 100000 -0.47255646300E-09 -4.65(23) 10710
146 RI(1,IE) 100000 001010  0.21320570150E+01 2.1287(65)
147 R2(2,JE) 100000 001010  -0.14559464144E-01 -1.463(32) 10~2




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature

Parameter value

Rotational  Vibrational Computer Input Rounded (St. Dev.)
148 R2(2,2E) 100000 001010 -0.24414583445E-01 -2.438(23) 1072
149 R3(3,1E) 100000 001010  -0.59420079310E-03 -5.94(10) 104
150 R3(3,2E) 100000 001010  0.18448720205E-03 1.82(14) 104
151 R4(2,1E) 100000 001010  0.50694656217E-05 5.11(33) 1078
152 R4(2,2E) 100000 001010 -0.65772106615E-05 -6.56(23) 10~°¢
153 R4(4,1E) 100000 001010  0.39497107275E-05 3.89(17) 1078
154 R4(4,2E) 100000 001010  0.81541790777E-05 8.17(22) 1078
155 RI1(1,1E) 100000 600100 0.17157436887E+00 1.703(70) 10~1
156 R3(1,1E) 100000 000100  -0.12527290418E-03 -1.281(66) 1074
157 R3(3,1E) 100000 000100 -0.33068696244E-03 -3.289(70) 10~*
158 RA4(2,1E) 100000 000100 -0.10533393378E-04 -1.028(48) 1075
159 R4{2,2E) 100000 000100  0.75278466483E-05 7.47(25) 106
160 R4(4,1E) 100000 000100  0.44286517990E-05 4.42(18) 1078
161 RA4(4,2E) 100000 000100 -0.47473999891E-05 -4.75(13) 1078
162 RA4(4,4E) 100000 000100  0.18139847428E-05 1.787(85) 108
163 R5(3,1E) 100000 000100 -0.11318915450E-06 -1.138(77) 1077
164 R5(3,2E) 100000 000100  0.17388357789E-06 1.72(11) 10~7
165 R5(5,2E) 100000 000100  0.21585191649E-06 2.163(75) 1077
166 R5(5,4E) 100000 000100  0.43433242603E-07 4.26(49) 108
167 R5(5,5E) 100000 000100 -0.85654866273E-07 -8.54(26) 1078
168 R6(2,1E) 100000 000100 -0.12448140775E-07 -1.233(27) 10~8
169 R6(2,2E) 100000 000100  0.12987557214E-07 1.293(19) 108
170 R6(4,1E) 100000 000100  -0.15655894292E-08 -1.58(23) 10~°
171 R6(4,2E) 100000 000100 -0.10470077764E-07 -1.042(28) 10~8
172 R6(6,1E) 100000 000100 -0.48719684183E-09 -4.81(58) 10~10
173 R6(6,2E) 100000 000100 -0.36253199949E-08 -3.61(16) 10~°
174 R6(6,4E) 100000 000100  0.37267009961E-08 3.67(12) 10-°
175 R6(6,5E) 100000 000100 -0.36746608329E-08 -3.66(14) 109
176 RO(0,0A;) 100000 000020 0.38100070702E4-01 3.848(98)
177 R2(0,0A;) 100000 000020 -0.81390478931E-02 -8.164(77) 103
178 R2(2,0A;) 100000 000020 -0.10481272199E-01  -1.0473(73) 102
179 R4(0,0A;) 100000 000020 -0.14825689321E-05 -1.496(54) 106
180 R4(2,0A;) 100000 000020 -0.21277517132E-05 -2.113(83) 10~6
181 R4(4,0A;) 100000 000020 -0.39748402191E-05 -3.970(74) 10~
182 R2(2,1E) 100000 000020  0.16190419658E-01 1.617(15) 1072
183 R3(3,1E) 100000 000020 -0.10212730306E-03 -1.020(54) 10—*
184 R4(4,2E) 100000 000020 -0.57130221493E-05 -5.65(19) 106
185 R4(4,4E) 100000 000020  0.22676933306E-05 2.261(34) 10~
186 RO(0,0A;) 010000 010000 0.22000377513E+04 2200.03774(14)
187 R2(0,0A;) 010000 010000 -0.29375436204E-01 -2.93740(47) 10~2
188 R2(2,0A;) 010000 010000 0.7639811930TE-02 7.6399(14) 103
189 R4(0,0A;) 010000 010000 -0.13216969294E-05 -1.332(42) 10~
190 R4(2,0A;) 010000 010000 -0.40213298748E-06 -3.98(13) 10~7
191 R4(4,0A;) 010000 010000  0.41336630711E-06 4.12(13) 1077
192 R6(0,0A;) 010000 010000 0.31938201186E-08 3.216(78) 10~°
193 R6(4,0A;) 010000 010000 -0.14682650190E-09 -1.440(61) 1019
194 R6(6,6A;) 010000 010000 -0.61210365761E-10 -6.04(26) 10~1*
195 R2(2,0A;) 010000 000002  0.95327913410E-02 9.51(12) 1073
196 R3(3,3A;) 010000 000002 -0.80646238976E-04 -8.01(18) 10-5
197 R4(2,0A;) 010000 000002 -0.15697051320E-05 -1.558(39) 10~




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature Parameter value

Rotational =~ Vibrational Computer Input Rounded (St. Dev.)
198 R4(4,3A;) 010000 000002 0.29787770155E-05 2.970(44) 10~°
199 RI1(1,1E) 010000 000002 -0.21278877813E+00 -2.132(17) 10-1
200 R2(2,2F) 010000 000002 0.11374563563E-01 1.142(15) 102
201 R3(1,1E) 010000 000002  -0.27968927452E-03 -2.816(39) 104
202 R3(3,1E) 010000 000002 0.12378032493E-03 1.247(34) 10~4
203 R3(3,2E) 010000 000002  -0.97047573727E-04 -9.62(27) 10~5
204 R4(2,1E) 010000 000002 0.56602210825E-05 5.71(13) 10~
205 R4(4,4E) 010000 000002 0.64009643000E-06 6.36(13) 107
206 RO(0,0A;) 002000 002000 -0.15133871276E+02 -15.1303(98)
207 R2(0,0A;) 002000 002000 0.12108310150E-01 1.2137(54) 10~2
208 R2(2,0A;) 002000 002000  -0.39237549413E-02 -3.925(12) 103
209 R4(4,0A;) 002000 002000  -0.53830119169E-06 -5.26(17) 10~7
210 R4(4,3A;) 002000 002000  -0.30996499885E-05 -3.14(11) 10—
211 R2(2,2E) 002000 001001  -0.13805316926E-01 -1.363(19) 10~*
212 R3(1,1E) 002000 001001  -0.27076262440E-03 -2.697(29) 10—*
213 R3(3,1E) 002000 001001  -0.32665946422E-04 -3.10(20) 103
214 R3(3,2E) 002000 001001  -0.33684123899E-03 -3.326(59) 10~4
215 RO(0,0A;) 002000 000011  0.55096538443E+01 5.520(30)
216 R1(1,0A2) 002000 000011 -0.10351907841E+00 -1.047(43) 10-1!
217 R1(1,1E) 002000 000011  0.49474053107E+00 4.956(29) 10-1
218 R2(0,0A;) 002000 000011  -0.80463551915E-02 -8.02(10) 103
219 R2(2,2E) 002000 000011 0.82737326727E-02 8.303(93) 10-3
220 R3(1,0Az) 002000 000011  -0.15266202267E-03 -1.514(42) 10-¢
221 R3(1,1E) 002000 000011  0.56490411197E-04 5.68(41) 1075
222 R3(3,3A;) 002000 000011 0.99561331956E-04 9.90(24) 105
223 R3(3,0A;) 002000 000011  0.22899032984E-04 2.09(33) 10~5
224 R3(3,3A;) 002000 000011 0.10709405518E-03 1.078(15) 10~¢
225 R3(3,1E) 002000 000011  -0.69441263659E-04 -6.96(39) 10~5
226 RO(0,0A;) 001010 001010 -0.36578658037E+01 -3.65780(37)
227 RI1(1,0A7) 001010 001010  0.19589200393E-01 1.950(16) 10~2
228 R2(2,1E) 001010 001010 0.13735578480E-01 1.370(36) 102
229 R2(2,2E) 001010 001010 0.14246879162E-01 1.4255(98) 10-2
230 R3(3,0A;) 001010001010 -0.38819203106E-04 -3.85(11) 10~°
231 R4(2,0A;) 001010 001010  0.43322520838E-05 4.326(57) 10~
232 RA4(2,1E) 001010 001010 0.43574710042E-05 4.29(22) 10-6
233 R4(2,2E) 001010 001010  -0.60124841963E-05 -6.00(15) 10~°
234 R4(4,0A;) 001010 001010  0.28061935894E-05 2.802(45) 10~
235 R4(4,3A;) 001010 001010  0.14041618278E-05 1.36(18) 10~6
236 R4(4,1E) 001010 001010  -0.54937435648E-05 -5.49(14) 107°
237 R4(4,2E) 001010 001010 0.70019152009E-05 7.01(13) 106
238 RA4(4,4E) 001010 001010 0.32733648069E-05 3.263(80) 106
239 RO(0,0A;) 001001 001001 -0.34426075531E+01 -3.4422(45)
240 R1(1,0A;) 001001 001001 -0.21783877884E-01 -2.179(11) 102
241 R2(0,0A;) 001001 001001 0.35660254627E-02 3.559(34) 10-3
242 R2(2,2E) 001001 001001  0.12334695141E-02 1.233(17) 103
243 R3(3,0A;) 001001 001001 0.25921155623E-04 2.567(30) 10~5
244 R3(3,3A2) 001001 001001 -0.20584073671E-03 -2.044(41) 10—¢
245 R4(0,0A;) 001001 001001  0.57736930050E-05 5.69(14) 10—
246 RA4(2,1E) 001001 001001  0.46423411893E-05 4.62(23) 10—©

247 R4(2,2E) 001001 001001 0.80086749315E-05 7.951(81) 10~




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature Parameter value

Rotational ~ Vibrational Computer Input Rounded (St. Dev.)
248 R4(4,0A;) 001001 001001 0.55836382761E-06 5.56(16) 10~7
249 R4(4,1E) 001001 001001 0.51552960223E-05 5.09(13) 1078
250 R4(4,2E) 001001 001001  -0.47661425489E-05 -4.788(96) 1076
251 R4(4,4E) 001001 001001 0.33602249225E-05 3.333(48) 107°
252 R1(1,0A,) 001010 000100 -0.30548311556E-+00 -3.024(90) 101
253 RI1(1,1E) 001010 000100 -0.15335953171E+01 -1.540(14)
254 R2(2,0A;) 001010 000100 -0.62502170756E-02 -6.28(39) 1073
255 R2(2,2E) 001010 000100 0.80800103518E-02 8.16(56) 103
256 R3(1,0A;) 001010 000100  -0.37349807391E-03 -3.73(10) 104
257 R3(1,1E) 001010 000100  -0.27915167060E-03 -2.82(14) 104
258 R3(3,3A;) 001010 000100  0.11927897840E-03 1.188(67) 10~*
259 R3(3,1E) 001010 000100  0.19716140564E-03 2.01(17) 10~*
260 R3(3,2E) 001010 000100  -0.24272780227E-03 -2.43(27) 10—4
261 R4(0,0A;) 001010 000100 -0.32547514772E-05 -3.25(15) 10-6
262 R4(2,1E) 001010 000100  -0.65180990624E-05 -6.48(42) 10-°
263 R4(2,2E) 001010 000100  0.77461795584E-05 7.68(53) 105
264 R4(4,0A;) 001010 000100  0.19120185795E-05 1.90(17) 10-8
265 R4(4,3A1) 001010 000100  -0.29344059493E-05 -2.84(29) 1078
266 R4(4,3A2) 001010 000100  -0.75868306933E-05 -7.54(27) 10~8
267 R4(4,1E) 001010 000100 0.48499003957E-05 4.84(26) 10~8
268 RA4(4,4E) 001010 000100  -0.70246108062E-05 -6.96(32) 10~8
269 R2(2,1E) 001010 000020 0.49421768649E-02 4.92(18) 10~3
270 R2(2,2E) 001010 000020  -0.13902215823E-01 -1.375(31) 102
271 R3(1,1E) 001010 000020  -0.22423780479E-03 -2.229(56) 10~4
272 R1(1,0A2) 001010 000020 -0.23027390307E+00 -2.292(68) 101
273 R2(0,0A;) 001010 000020 -0.20390606926E-01 -2.019(22) 1072
274 R2(2,2E) 001010 000020  -0.19649936329E-01 -1.951(25) 102
275 R3(1,0A3) 001010 000020  -0.13302212915E-03 -1.323(63) 104
276  R3(1,1E) 001010 000020 0.21544841604E-04 2.27(45) 105
277 R3(3,3A1) 001010 000020 0.13623715251E-03 1.354(31) 10—¢
278 R3(3,0A;) 001010 000020  -0.18291876501E-03 -1.806(45) 104
279 R3(3,2E) 001010 000020  -0.11700071639E-03 -1.178(59) 104
280 RO(0,0A;) 001010 000011 0.65666661594E+00 6.48(56) 101
281 RI1(1,0A;) 001010000011 0.15026647517E+00 1.475(56) 10~1
282 RI(1,1E) 001010 000011  0.76596964458E+00 7.626(39) 10~1
283 R2(2,0A;) 001010000011 -0.36592199725E-02 -3.70(16) 1073
284 R2(2,1E) 001010 000011  -0.54024510580E-02 -5.51(28) 103
285 R2(2,1E) 001010 000011  0.11179523230E-01 1.111(20) 10~2
286 R2(2,1E) 001010 000011 0.19457649285E-01 1.939(22) 10~2
287 R2(2,2E) 001010 000011  -0.19543150701E-02 -1.976(87) 103
288 R2(2,2E) 001010 000011  -0.47751673375E-02 -4.87(19) 103
289 R3(1,1E) 001010 000011 0.23857927614E-03 2.371(39) 10~4
290 R3(1,1E) 001010 000011  0.59658046375E-04 5.98(52) 105
291 R3(3,3A;) 001010 000011  0.14076068811E-03 1.393(20) 104
202 R3(3,1E) 001010 000011  0.74103323280E-04 7.56(30) 10~3
293 R3(3,1E) 001010 000011  -0.16998106152E-03 -1.727(49) 104
294 R3(3,1E) 001010 000011 0.11705513864E-03 1.169(72) 10—4
295 R3(3,2E) 001010 000011  0.92670774705E-04 9.08(45) 10~5
296 R3(3,2E) 001010 000011  -0.19221390549E-03 -1.937(45) 104

297 RO(0,0A;) 001001 000011 0.41304667871E+01 4.13(12)




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature Parameter value

Rotational  Vibrational Computer Input Rounded (St. Dev.)
208 R2(0,0A,) 001001 000011 -0.61815546110E-02 -6.07(15) 10~°
299 R2(2,0A;) 001001 000011 0.97644210651E-02 9.74(21) 1073
300 R2(2,1E) 001001 000011  0.50406833906E-02 5.08(11) 102
301 R2(2,2E) 001001 000011  0.15248265564E-01 1.522(13) 10~2
302 R2(2,2E) 001001 000011  -0.42675836768E-02 -4.25(19) 1073
303 R2(2,2E) 001001 000011  -0.48639541206E-02 -4.81(13) 1073
304 R3(1,0A;) 001001 000011  -0.11376291791E-03 -1.130(34) 104
305 R3(1,1E) 001001 000011  0.60114496969E-04 6.00(18) 105
306 R3(1,1E) 001001 000011  0.19621841433E-03 1.943(31) 10~¢
307 R3(3,3A:) 001001 000011  -0.59958320306E-04 -5.92(13) 1075
308 R3(3,0A;) 001001 000011  0.10422578557E-03 1.033(29) 104
309 R3(3,3A2) 001001 000011  -0.66655675924E-04 -6.52(12) 10~°
310 R3(3,1E) 001001 000011 -0.11605545022E-03 -1.160(20) 104
311 R3(3,1E) 001001 000011  -0.18632215161E-03 -1.855(23) 10~*
312 R3(3,1E) 001001 000011  -0.15104815101E-03 -1.505(34) 104
313 R3(3,2E) 001001 000011  0.51245378462E-04 5.07(31) 1075
314 R3(3,2E) 001001 000011  0.87091364580E-04 9.06(46) 105
315 R2(2,1E) 001001 000002 -0.37999162617E-02 -3.80(13) 10~
316 R2(2,2E) 001001 000002  -0.23714991808E-02 -2.40(10) 1073
317 R3(1,1E) 001001 000002  0.66311371566E-04 6.58(26) 10~5
318 R3(3,1E) 001001 000002  0.10880734017E-03 1.106(31) 1074
319 RI(1,1E) 001001 000002  0.14056237729E+00 1.4049(25) 10!
320 R2(0,0A;) 001001 000002 -0.88435138753E-02 -8.834(60) 1073
321 R2(2,0A;) 001001 000002  0.94587536351E-02 9.445(84) 103
322 R2(2,1E) 001001 000002 0.20056954883E-~02 1.97(12) 103
323 R2(2,2E) 001001 000002  -0.48817088750E-02 -4.854(81) 103
324 R3(1,1E) 001001 000002  -0.59098276369E-04 -5.89(13) 10~5
325 R3(3,3A;) 001001 000002 0.40386434334E-04 4.04(10) 10-5
326 R3(3,0A;) 001001 000002  0.93512121354E-04 9.41(39) 10~°
327 R3(3,1E) 001001 000002 0.39145862588E-04 3.88(15) 10—°
328 RO(0,0A;) 000100 000100  0.30167096477TE+-04 3016.70965(15)
329 R1(1,0A;) 000100 000100 -0.54230593454E+00  -5.42271(78) 107!
330 R2(0,0A;) 000100 000100  -0.25948407371E-01 -2.5959(65) 102
331 R2(2,0A;) 000100 000100  -0.48029069523E-02 -4.779(32) 1073
332 R2(2,1E) 000100 000100  -0.84464218623E-02 -8.45(55) 1073
333 R2(2,2E) 000100 000100  -0.16171984687E-02 -1.620(27) 1073
334 R3(1,0A;) 000100 000100  -0.26479312586E-04 -2.68(19) 105
335 R3(3,3A2) 000100 000100 -0.26110134376E-04 -2.64(19) 1075
336 R4(0,0A;) 000100 000100 0.21280607424E-05 2.11(17) 10~¢
337 R4(2,1E) 000100 000100  0.37814599755E-05 3.84(37) 10~
338 R4(4,0A,) 000100 000100  -0.11044339845E-05 -1.109(43) 10~
339 R4(4,3A;) 000100 000100  0.19808491359E-04 1.974(58) 105
340 R4(4,2E) 000100 000100  -0.38658649317E-05 -3.839(98) 10-6
341 R5(3,0A2) 000100 000100  0.22493765165E-07 2.251(90) 108
342 R5(3,3A2) 000100 000100  -0.23869315131E-07 -2.36(17) 1078
343 R6(0,0A;) 000100 000100  -0.15108285616E-07 -1.505(24) 10-8
344 R6(4,3A,) 000100 000100  0.33365414257E-07 3.319(61) 10~8
345 R6(6,3A;) 000100 000100 0.29175342775E-08 2.97(28) 10~°
346 R6(6,1E) 000100 000100  -0.36646130798E-08 -3.65(12) 10~°

347 R6(64E) 000100 000100  -0.24847121339E-08 -2.474(96) 10~°




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature Parameter value

Rotational  Vibrational Computer Input Rounded (St. Dev.)
348 R6(6,5E) 000100 000100 0.60002940449E-08 6.00(26) 10~°
349 R2(2,1E) 000100 000020 0.17512297282E-01 1.747(55) 10~*
350 R2(2,2E) 000100 000020 0.46264484974E-02 4.73(37) 1072
351 R3(1,1E) 000100 000020  -0.2187786644TE-03 -2.166(93) 10~*
352 R3(3,1E) 000100 000020  -0.16698445607E-03 -1.661(88) 10~*
353 R3(3,2E) 000100 000020  -0.52912560253E-03 -5.252(93) 10~*
354 R4(2,1E) 000100 000020 0.73767293682E-05 7.22(59) 106
355 R4(4,2E) 000100 000020 -0.13865663536E-04 -1.383(16) 1075
356 R4(4,4E) 000100 000020 0.28293464073E-05 2.78(14) 10-8
357 R1(1,0A2) 000100 000020 -0.83025721249E+00 -8.2953(93) 1071
358 R2(2,0A;) 000100 000020 -0.21631294786E-02 -2.12(10) 103
359 R2(2,1E) 000100 000020 0.14446465246E-01 1.442(30) 10672
360 R2(2,2E) 000100 000020  -0.73815740318E-02 -7.31(21) 10-3
361 R3(3,3A,) 000100 000020  0.15451006337E-03 1.521(61) 104
362 R3(3,0A2) 000100 000020 -0.64847504363E-04 -6.38(33) 10-5
363 R3(3,1E) 000100 000020  -0.13381734079E-03 -1.34(10) 1074
364 R3(3,2E) 000100 000020  -0.13980335798E-03 -1.376(84) 10~4
365 R4(2,0A;) 000100 000020  0.14836525431E-05 1.465(95) 10~
366 R4(2,2E) 000100 000020  -0.44615179768E-05 -4.37(19) 10-8
367 R4(4,0A;) 000100 000020 -0.99220250570E-06 -1.003(82) 10~6
368 R4(4,3A;) 000100 000020 0.54067360604E-05 5.36(24) 1076
369 R4(4,3A2) 000100 000020 0.36391381435E-05 3.64(22) 10-8
370 R4(4,1E) 000100 000020  -0.60616491846E-05 -6.08(14) 10~°
371 R4(4,4E) 000100 000020  0.25872365355E-05 2.568(90) 106
372 RO(0,0A;) 000020 000020 -0.33694391997E+02 -33.689(12)
373 R2(0,0A,) 000020 000020 -0.22846312732E-01 -2.275(22) 102
374 R2(2,0A;) 000020 000020  0.66448415069E-02 6.613(78) 103
375 R4(0,0A;) 000020 000020  0.11972746922E-04 1.185(47) 10~5
376 R4(2,0A;) 000020 000020 0.25835443166E-05 2.586(73) 10~°
377 R1(1,1E) 000020 000020  -0.73806630214E-01 -7.42(31) 10-2
378 R2(2,1E) 000020 000020 -0.62837994920E-02 -6.25(12) 10-3
379 R2(2,2E) 000020 000020  0.35559728592E-02 3.52(10) 1073
380 R3(3,1E) 000020 000020 0.10747842171E-03 1.075(35) 104
381 R3(3,2E) 000020 000020  -0.12869005077E-03 -1.281(68) 10—
382 RO(0,0A;) 000020 000020 -0.55770095420E+01 -5.57702(18)
383 RI1(1,0A2) 000020 000020 0.27531980024E+00 2.75326(32) 10-1
384 R2(0,0A;) 000020 000020 -0.18082389155E-02 -1.819(22) 1073
385 R2(2,1E) 000020 000020  0.57209719282E-01 5.681(58) 10~2
38 R3(1,0A:) 000020 000020 -0.11235160400E-03 -1.102(34) 10~4
387 R3(3,0A;) 000020 000020 -0.70364732344E-04 -6.92(25) 10~5
388 R3(3,3A;) 000020 000020  0.32402607937E-03 3.237(47) 10~*
389 R4(0,0A;) 000020 000020  -0.17183068273E-04 -1.699(29) 103
390 RA4(2,0A;) 000020 000020 -0.29110936288E-05 -2.908(70) 10
391 RA4(2,1E) 000020 000020  -0.33536429065E-05 -3.22(28) 10-6
392 R4(2,2E) 000020 000020  -0.11329757472E-05 -1.10(11) 106
393 R4(4,1E) 000020 000020 0.75573123164E-05 7.46(23) 10-6
394 R4(4,2E) 000020 000020  0.41643186340E-05 4.13(15) 10~
395 R4(4,4E) 000020 000020  -0.25618899001E-05 -2.56(18) 10-6
396 RO(0,0A;) 000011000011 -0.93046432438E+01 -9.3066(52)

397 RO(0,0A;) 000011 000011 0.10175843441E+02 10.1743(64)




Appendix - Effective Hamiltonian Terms for the Nonad of CH3D (Continued)

Tensorial Nomenclature

Rotational

Vibrational

Parameter value

Computer Input

Rounded (St. Dev.)

398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419

RO(0,04;)
R1(1,0A5)
R1(1,0A;)
RI1(1,1E)
R2(0,0A;)
R2(0,0A;)
R2(0,0A;)
R2(2,0A:)
R2(2,0A1)
R2(2,0A1)
R2(2,1E)
R2(2,1E)
R2(2,2E)
R2(2,2E)
R3(1,0A2)
R3(1,0Az)
R3(1,1E)
R3(1,1E)
R3(3,0A5)
R3(3,0A,)
R3(3,3A;)
R3(3,1E)

000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011

000011 000011 °

000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011
000011 000011

-0.18059056398E+01
-0.22917531834E-01
-0.362498716T9E-01
0.12370297666E+00
-0.90726017544E-02
0.53431912971E-02
0.25804269237E-01
0.23989975318E-02
-0.23864315507E-02
0.98853101479E-02
0.56108851919E-02
-0.12753824714E-01
0.60188830139E-02
-0.22438436329E-03
-0.94735870798E-04
0.12613568903E-03
0.15182488233E-03
0.52856868825E-04
-0.69133694839E-04
0.94079235528E-04
0.36889559617E-04
0.76166162258E-04

-1.8083(69)
-2.288(20) 102
-3.632(27) 102
-1.229(38) 10~}
-9.095(29) 10-3
5.346(65) 103

2.552(27) 1072
2.398(13) 1073
-2.387(18) 1073
9.75(17) 1073
5.43(46) 103
-1.266(23) 102
6.013(22) 103
-2.16(26) 104
-9.44(17) 1073
1.261(18) 104
1.493(52) 104
5.28(42) 1075
-6.95(14) 1075
9.44(16) 105
3.78(35) 10~°
7.38(29) 10—5

420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441

RO(0,0A1)
R2(0,0A1)
R2(2,0A;)
R4(4,0A,)
R4(4,3A1)
R1(1,1E)
R2(2,1E)
R2(2,2E)
R3(1,1E)
R3(3,1E)
RO(0,0A1)
R1(1,0A,)
R2(2,0A1)
R2(2,2E)
R3(1,0Az)
R3(3,0A2)
R4(0,0A,)
R4(2,1E)
R4(2,2E)
R4(4,0A1)
R4(4,3A;)
R4(4,2E)

000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 600002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002
000002 000002

0.59314134376E4-01
0.77229437182E-02
-0.40201134794E-02
-0.22121138651E-06
-0.67209796086E-06
-0.33612540790E-01
-0.73894051400E-02
-0.58916771280E-02
-0.69218193397E-04
0.49260407753E-04
0.15412294814E+-01
0.44161847332E-01
-0.90760027291E-03
0.10954099576E-02
0.23761095296E-04
-0.13812937301E-04
0.28425219592E-05
-0.69274807443E-05
-0.21327258198E-05
-0.66194760406E-06
-0.29402472432E-05
0.37521435164E-05

-5.93139(10)
7.719(16) 1073
-4.017(12) 10~3
-2.24(26) 10~7
-7.07(44) 1077
-3.33(15) 1072
-7.32(40) 1073
-5.890(11) 103
-7.05(31) 1075
5.23(50) 10~5
1.54122(11)
4.4167(15) 102
-9.058(83) 104
1.091(11) 10-3
2.37(10) 1075
-1.375(94) 1073
2.846(85) 10~
-6.90(21) 10~
-2.31(25) 10~°
-6.65(17) 1077
-2.925(49) 10~
4.03(38) 1076

For clarity, only a simplified nomenclature is reported here. The complete unambiguous tensorial nomen-

clature is available from the electronic file at http://www.u-bourgogne.fr/LPUB/MIRS.html


http://www.u-bourgogne.fr/LPUB/MIRS.html
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Figure 1. (Top) Reduced upper state energies versus upper state J for the nine bands (nonad) of CH3D

between 3 and 5 um. Upper pannel: calculated levels
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Figure 1. (Bottom) Reduced upper state energies versus upper state J for the nine bands (nonad) of CH3D
between 3 and 5 um. Lower pannel: assigned and fitted levels
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Figure 2a. The unapodized spectrum of CHyD observed with the Fourier transform spectrometer located at
Kitt Peak National Observatory. The resolution is 0.012 cm~. The gas pressure is 15.5 Torr at 293.4 K of an
enriched sample containing 98% CH3D. The optical path is 10 crn. The strongest band in the region is v4 near

3017 em~'. The band near 2350 cm™! arises from residual COj.
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Figure 2b. The Spectrum of CH3D observed with the Fourier transform spectrometer located at Kitt Peak
Notional Observatory. The resolution is 0.012 em™1. The gas pressure is 20 Torr at 295 K, and the path is
1.5 m. The strong Q branches near 2780 cm ™ belong to v3 + vs(E).
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Figure 3. Retrieval of positions and intensities by least squares curve fitting in the Q branch region of v4. The
observed and synthetic spectra are overplotted in the lower panel and the residual differences are shown in the
upper panel. The gas pressure is 4.98 Torr at 296.1 K, and the optical path is 0.0205 cm.
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Figure 4. Distribution of measured line intensities in the nonad. The observed intensities are

function of the line positions. Values in cm ™2

convert to the intensity units of HITRAN (cm/molecule).
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Figure 5a. Examples of calculated (lower trace) and observed spectra of CHsD. P(J = 14) branch of v,. The
gas pressure is 0.721 Torr at 291 K, and the path is 2.4 m.
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Figure 5b. Examples of calculated (lower trace) and observed spectra of CH3D. RQ(K =0) of vz + v5 (E) at
2780 cm~! The gas pressure is 4.88 Torr at 291 K, and the path is 2.4 m.
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Figure 5c. Examples of calculated (lower trace) and observed spectra of CH3D. R branch of v4 at 3078 cm ™!
The gas pressure is 0.721 Torr at 291 K, and the path is 2.4 m. Extra lines in the upper trace arise from
residual CHy.





