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All of the rotational spectral lines observed and reported in the open literature for 91
hydrocarbon molecules have been tabulated. This isotopic molecular species, assigned
quantum numbers, observed frequency, estimated measurement uncertainty and refer-
ence are given for each transition reported. In addition to correcting a number of misprints
and errors in the literature cited, the spectral lines for many normal isotopic species have
been refit to produce a comprehensive and consistent analysis of all the data extracted
from various literature sources. The derived molecular properties, such as rotational and
centrifugal distortion constants, hyperfine structure constants, electric dipole moments,

and rotational g-factors are listed.
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1. Introduction

These tables represent the third part of a series of crit-
ical reviews on molecular rotational spectra in the mi-
crowave frequency region. The present review on
hydrocarbon species is a partial revision of the previous
tabulation on polyatomic species, NBS Monograph 70,
Vol. IV (1968)'. The primary aim of the present critical
review is directed at detecting errors, misprints and in-
complete analyses in the literature. The coverage in-
cludes microwave rotational spectra and molecular
properties derived therefrom for all the hydrocarbon
species observed in the centimeter and millimeter wave-
length region of the spectrum. There are two objectives
which this review hopes to achieve: first, to provide an
up-to-date and complete tabulation of the microwave
spectra for hydrocarbon molecules, and second, to
provide the best set of molecular properties which can
be derived from the observed spectra. Although the
spectral line frequencies are limited to the radio and mi-
crowave frequency region, derived molecular constants
are included from a variety of sources, e.g., molecular
beam electric resonance, electron paramagnetic reso-
nance and infrared spectroscopy, in order to provide the
most complete set of properties presently available. All
unpublished data communicated privately have been in-
cluded, and the open literature has been searched
through September 1987.

1.1. General Description of the Tables

Two types of tables are presented for each molecular
species. The first tables contain the derived molecular
constants for each isotopic form which has been studied,
and the table following these constant tables contains the
observed microwave spectral transition frequencies for
all isotopic forms and vibrational states for which data
are available. The ordering of the tables follows an al-
phabetic sequence in empirical molecular formulas. The
sequence of the tables is indicated in the List of Tables
shown in the Contents.

The molecular spectral data tables of Sec. 2 are fol-
lowed in Sec. 3 with the references to these data. Litera-
ture references are labeled with 5-digit numerals. This
system has been formulated such that the first two digits
refer to the year of publication of the work while the
remaining three digits correspond to a chronological or-
dering within the year as required for referencing pur-
poses here. Since this system was introduced in the
earlier parts of this series>’ these reference numbers fol-
low the sequence established in the earlier work.

1.1.a. Molecular Constant Tables

Since a uniform format could not be readily con-
structed for these tables, they were composed in variable
format depending on the type and amount of information
available. In general, the rotational constants are listed
first, followed by the centrifugal distortion parameters,
hyperfine structure data, electric dipole moments and ro-
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tational g-factors. In cases where extensive data are
available, several individual tables are used to present
the molecular constants. A more detailed description of
the molecular constants and their symbols is given in
Sec. 1.2. In order to reduce the occurrence of misprints,
these tables were photographically reproduced from the
original final typewritten copy.

1.1.b. Spectral Line Tables

The spectral tables contain all of the data intrinsic to
an assigned molecular transition. The first column of
these tables contains the isotopic molecular species to
which the data pertain. The next columns contain the
observed transition frequency and its estimated uncer-
tainty. The next columns contain the assigned quantum
numbers for the transition in the sequence: rotational and
the hyperfine for the upper state, rotational and hyper-
fine for the lower state, and vibrational state designation.
The reference to the original source of the data is given
in the last column. Since the maximum number of signif-
icant figures beyond the decimal point was fixed at three
for the transition frequency and uncertainties, in a few
cases it was necessary to round off the measured data.
This situation occurs primarily in the reproduction of
molecular beam measurements. When uncertainties were
not given in the original source, an uncertainty was as-
signed on the basis of the internal consistency of all the
data available for the molecule in question. An effort
was made to locate all of the essential references through
mid-1987.

1.2. Molecular Parameters and Energy
Level Formulation

The discussion which follows deals with the most
common cases which will provide the user with the es-
sential definition of quantum numbers, molecular
parameters and basic relations employed in the analysis
of rotational spectra. For the reader interested in a more
detailed description of polyatomic rotational spectral
measurements and analysis, we refer to texts on this sub-
ject by Townes and Schawlow*, Gordy and Cook’,
Wolirab® and Kroto’ which have both detailed and ex-
cellent discussions of all facets of rotational spectra. The
spectroscopic notation employed follows, as closely as
possible, the recommendations of the Joint Commission
for Spectroscopy of the International Astronomic Union
and the International Union of Pure and Applied
Physics®.

1.2.a. Linear and Symmetric Top Molecules

The principal axes of a linear rigid rotor are along the
molecular bond or @-axis for which the inertial moment
is zero, and perpendicular to the bond axis in two or-
thogonal planes through the center-of-mass of the
molecule. These are called the b- and c-axis whereby I,
>1I, >I, determines the labeling of the principal axes.
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For linear molecules I, =1, and I, =0, and the rotational
constant, B, is related to the moment of the inertia as

hZ

B = 8772117

The selection rules for rotational transitions of a linear
polyatomic molecule are AJ=0, =1, and A¢ =0, *+1
where J is the total angular momentum quantum number
excluding nuclear spin and ¢ is the vibrational angular
momentum quantum number which arises in degenerate
bending vibrational states.

Since molecules are not rigid, the effects of molecular
vibrations and centrifugal distortion must be included in
the model in order to accurately fit the observed rota-
tional spectra. The rotational energy levels are repre-
sented as:

F(J) = BJ(J+1)— £3—D,[J(J +1)— ¢
+ H[JJ+1D)— 7,

where B, is the rotational constant for the nth vibra-
tional state, and D, and H, are the centrifugal distortion
constants. The rotational constant can be expressed in
terms of its equilibrium value, B,, and rotation-vibration
interaction constants, «;, as

Bv =B .Be - '__z ai(Vi+d_2‘).

Vi Y2, V3 T T3

neglecting higher order terms. Within this level of ap-
proximation the frequencies of rotational transitions
from lower state J” to upper state J'=J"+1 are ex-
pressed:

Vrer = 2BJ'—4AD,[(J'Y—J' €]
F6IH [ T2 02 4,

The treatment of rotational transitions in excited vibra-
tional states requires additional terms to account for the
rotation-vibrational interactions. The symmetry species
of excited vibrational states are designed as 2, I1, A, etc.,
when ¢ = 0, &1, 2, etc., respectively. One of the most
common rotation-vibration interactions is ¢-type dou-
bling in II states. In this case each J—»J + 1 transition has
two components which are indicated as L (lower) and U
(upper) components in the tables which follow. The dou-
blet separation is represented as: ¢,(v + 1)(J/ 4+ 1). In addi-
tion AJ =0 transitions are observable with the frequency
expressed as: v=(g,/2)(v+1)J(J +1). These transitions
are also included in the spectral tables. Other rotation-vi-
bration interactions, such as Fermi resonance, often must
be included for particular measurements. Since the level
of approximation and method of analysis is dependent on
the extent and quality of the spectral measurements
available, the user should refer to the literature refer-
ences cited in the tables for details concerning the analy-
sis. For more general treatments of ¢-type doubling and
resonance interactions see the texts mentioned earlier*’
or the review by D.R. Lide’.

1.2.b. Symmetric Top Molecules

Like linear molecules, in a symmetric top one of the
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principal axes must be coincident with the molecular
symmetry axis, which must also be the axis with non-
zero dipole moment. In a prolate symmetric top
(I, <1, =1,), the a-axis lies along the symmetry and in an
oblate symmetric top (I,=I;,<I.). The rotational en-
ergy levels for the ground vibrational state of a symmet-
ric top are represented as

Ei;x = BIJ+1) + (A —B)K* — DJ¥J +1)
—DuJJ+1K? — DK*

including the first order (P*) centrifugal distortion terms.
The selection rules are AJ=0,%+1, AK=0. The fre-
quency for a J+1 « J and K <« K rotational transition is

v=2B,J' — 4D,(J')’ — 2DyJ'K* + Hyy(J')[(J'+1)’
— (J'=1)] + 4H,('YK* + 2HoJ 'K*

which includes the P® centrifugal distortion terms.

As in the case of linear molecules, vibrationally ex-
cited states can exhibit £-type doubling which arises
from the degenerate bending vibrational modes. Formu-
las for the rotational levels are given in the references
cited in the molecular parameter tables here, e.g.,
propyne references, as well as in some of the text books
referenced here*”’.

1.2.c. Asymmetric Top Molecules

The majority of polyatomic molecules fall in the
asymmetric-top category. When the three principal mo-
ments of inertia of a molecule differ, the molecule is clas-
sified as an asymmetric top. The energy level
formulation for a rigid asymmetric top is considerably
more complex than that for symmetric-tops or linear
molecules. With the exception of low rotational levels,
the rotational energy and transitions cannot be conve-
niently expressed in simple algebraic terms. Since Refs.
4-7 provide excellent discussions of the usual methods
employed in solving the basic rigid asymmetric rotor
Hamiltonian: H,=A P,>+B P,>+C P.,? as well as the
more complex Hamiltonian which includes centrifugal
distortion H =H,+H,+Hs + ..., we will not delve into
any details of the quantum mechanical formulation, but
concentrate on describing the quantum number designa-
tions employed in the tables to follow, and provide the
basic relationships between the different molecular con-
stant notations used by various authors.

The rotational energy levels are characterized by the
three quantum numbers Jx_ ¢ , in the King-Hainer-
Cross notation. Here, since S =0, J is used rather than N
for the rotational angular momentum. When S540 we
will use Ng_ .« 1 10 designate the rotational state and J
for rotation plus electron spin and orbital angular mo-
menta. The K_; subscript is the K value in the limiting
case of prolate symmetric-top and K, corresponds to
the limiting case for an oblate symmetric-top. Ray’s as-
symmetry parameter, K, is often used to characterize the
degree of asymmetry:

_2B—4-C
== _c
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When 4 ~B, « approaches +1 for the oblate case and
when B =C, k approaches —1 for the prolate case.

(1) Selection Rules

In general an asymmetric rotor can exhibit three types
of pure rotational transitions if the molecule has non-
zero components of the electric dipole moment in the
direction of the a, b, and c¢ principal axes. For an asym-
metric rotor the selection rules for a-type transitions are:

AJ=0, =1; AK_,=0; £2, ..;AK,,= *1, F3,,
for b-type transitions:

AJ=0, £1; AK_;==1, 3, AK,,=F1, F3, ...
for ¢-type transitions:

AJ=0, +1; AK_,==+1, +3; AK, =0, F2.

When a molecule has a symmetry axis one must also
examine the nuclear spin statistics which influence both
the selection rules and the populations of the rotational
levels.

(2) Rotational and Centrifugal Distortion Constants
Until approximately 1970 the Kivelson and Wilson'
formulation of the Hamiltonian for a non-rigid asymmet-
ric rotor was widely employed in analyzing rotational
spectra. With the parameter notation employed by
Kirchhoff! the Kivelson-Wilson Hamiltonian is:

0

# = A'P:+ B'P;+C'P:+1/4 ‘%Téaﬁgpipé ’

where a,8 = a,b, or ¢. For a planar molecule the fol-
lowing planarity relations reduce the six linear combina-
tions of distortion constants to four and provide the

F.J. LOVAS AND R. D. SUENRAM

determinable parameters shown in column 1 of Table
1.2.1:

Tacac = Thehe = 0,

C? C?
Tagee = P Tacaa + F T aabb »

C? C?
Tobee = g7 Tobho + 1 T aabb »
C? C?

Tecee = Az Toace + ? Thobee +

For non-planar molecules Dreizler et al.'>"* found that
the Kivelson-Wilson distortion constants were indeter-
minant. Watson'*"® introduced a new relationship which
allows the Kivelson-Wilson Hamiltonian to be expressed
in terms of five independent centrifugal distortion coeffi-
cients, or linear combinations of taus, which eliminates
the indeterminancy noted by Dreizler et al. Much of the
recent analysis of rotational spectra follows Watson’s re-
formulation'®'” in the form of a reduced Hamiltonian
which simplified the computation of the energy levels.
Since there is not a unique unitary transformation
which allows the nine Kivelson-Wilson parameters to be
reduced to eight determinable parameters, several varia-
tions of the Watson reduced Hamiltonian are commonly
employed in practice. The two most often employed re-
sult in the determinable parameters listed in columns 2
and 3 of Table 1.2.1. In reanalyzing the microwave spec-
tra here both Kirchhoff’s'' formulation has been used as
well as Watson’s 4 -reduction'’. See reference'" for addi-
tional details. The second commonly used formulation is
described in detail by Gordy and Cook’. Yamada and
Winnewisser'® have examined the effects of employing
different reductions for the three King, Hainer and Cross
axis representations I, I, and III"®°. They provide a

TABLE 1.2.1. Determinable rotational and centrifugal distortion constants (P*) employed by various workers®

Kivelson-Wilson parameters
for planar molecules

Kirchhoff parameters
(following Watson'®)

Watson parameters's

A’ A"=A"—1/27 bpec

B’ B"=B'—1/27" saec

c’ C"=C"—1/27"

Tnaaa Tﬂﬂﬂﬂ

T bbbb T bbbb

Tabab Teeee

T aabb T1=T"aabb + T bbcc + T’ coaa

T aabb T2=(A"/S)T tec +(B' /ST sace +(C'/SYT’ aarv

+[SAC'— B bbec
where
S=4'+B'+C’

T3= [S/(B, —A I)]T,aabb + [S/(A f— C,)]T’aacc

*For conversion between the various sets of parameters see Refs. 4, 9, 10, and 17.
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useful set of relations between the spectroscopic con-
stants determined in the various reduction procedures
and discuss the implications of the 7 defect when em-
ploying the planarity conditions. When the spectral data
require a higher order Hamiltonian, such as inclusion of
PS terms, generally the first-order perturbation treatment
suggested by Watson'” has been used.

1.2.d. Molecules with Doublet Electronic Ground States

The spectra and spectral analysis for molecules with
one or more unpaired electrons are substantially more
complex. The known hydrocarbon species that have
doublet, S =1/2, ground states are HC, and HC,. In addi-
tion to the molecular rotational angular momentum, N,
the interactions from electronic spin, S, and nuclear spin,
I, must be included in the Hamiltonian. Depending on
the magnitude of the various interactions, one of the fol-
lowing three coupling schemes are used in limiting cases:

Q) N+S=J;J+I=F
b) S+I=G,G+N=F
©) N+I=EE+S=F

These interactions and the Hamiltonian for such
molecules are discussed by Lin®, Van Vleck?, Curl and
Kinsey? and others. Curl and Kinsey? have summarized
the spectroscopic constant notation employed in the var-
ious formulations and developed an alternate method
which can be applied to the hydrocarbon species. Since
none of these species have been reanalyzed in the present
work, the notation employed in the publications cited is
followed in the present tables of spectroscopic constants.

1.3. Evaluation of the Spectral Data

The evaluation has a two-fold purpose, first, the selec-
tion of the best set of measured transition frequencies
and, second, selection or calculation of consistent and
reliable spectroscopic constants. Since measured or cal-
culated uncertainties are the best indicators of the quality
of the data, a substantial portion of the critical evaluation
effort has gone into determining these uncertainites.

1.3.a. General Procedure

Generally, the selection of the most reliable transition
frequencies posed few problems since there were rela-
tively few cases where duplicate measurements have
been reported for the same transition and most laborato-
ries quote reliable uncertainties. In cases where problems
did occur, the selection was based on both the overall
consistency of the measurement in question with the
other spectral data available, and on the reported uncer-
tainty in the measurements. In nearly all cases the mea-
surements with the smallest uncertainties reported by the
authors were found to be the most reliable.

The determination of the most reliable molecular con-
stants posed more severe difficulties. Occasionally incon-
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sistencies arose in cases where data were reported by
several independent workers who studied quite different
regions of the spectrum, e.g., molecular beam measure-
ments vs microwave measurements or centimeter vs mil-
limeter-wave measurements. If all of the available data
had not been analyzed simultaneously in these instances,
a reanalysis was carried out to eliminate the discrepan-
cies. These calculations also resulted in the detection of a
number of misprints in the literature which were not ob-
vious through simple inspection of the reported assign-
ments and transition frequencies. Since a question might
arise concerning the correct value when a difference is
noted between the present compilation and the reference
cited, there are comments following the molecular con-
stant tables in these cases.

1.4. List of Symbols

In most cases, a uniform set of quantum state and
molecular parameter symbols is employed. This common
set is listed here with a brief description of the molecular
quantity represented by the symbol. However, there are
a few special cases for which the reader is required to
consult the literature cited to obtain this information
since the Hamiltonian employed is unique to those spe-
cies and reanalysis was not carried out here. The species
for which the above applies are: CH, CH,, CH,, C,H,
CH,CD,;, C;H, C,H, and CH,CCCD;. The spectra of
these species were not refit in this work since the pub-
lished analyses are conmsidered to be accurate and not
readily reproduced by the authors. There are several in-
stances where excited vibrational states have been as-
signed and the type of vibrations identified, i.e. bend,
torsion, etc., but the mode number is not identified. We
have followed the notation in the literature and used the
following characters for the type of vibration: B = bend,
T = torsion, P = ring pucker.

1.4.a. Quantum Numbers

J Resultant total angular momentum quantum
number, excluding nuclear spins.
N Rotational angular momentum quantum num-

ber, excluding electron and nuclear spins, in

the case where electron spin is present.

Projection of J (or V) on the symmetry axis in

the limiting prolate or oblate symmetric top.

F, Resultant angular momentum quantum num-
ber including nuclear spin for one nucleus.

F Resultant total angular momentum quantum

number.

Torsional symmetry substates representing ir-

reducible representations of the symmetry

group of the rotation-internal rotation Hamil-

tonian.

Vibrational modes (v) and quantum numbers

).

K_K,

AE

Vi,V2,V3
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Uor L Upper or lower energy level or transition fre-

’ "

or

4

quency.
Prime or double prime is used to distinguish
the upper (') and lower (")levels in a transition.
They occur as superscripts on the quantum
numbers.

Quantum number for vibrational angular mo-
mentum.

I(or I) Angular momentum quantum number of nu-

A,BC

B

clear spin for one (or ith) nucleus.

1.4.c. Molecular Constants

Rotational constants (MHz). These are related
to the principal moments of inertia: A =h/
871, etc.

B-bar equals (B+C)/2.

7,A,8,D Quartic centifugal distortion constants (MHz

H,h

or kHz).
Sextic centrifugal distortion constants (MHz or
kHz).

L,¢G,g Octic centrifugal distortion constants (MHz).

I,

P

Moment of inertia of the methyl top around
internal rotation axis (u A?)

Internal rotation interaction constant p = [Z,
AL/LYT,

AAsA, Direction cosines between the internal rotation

a

F
Vs

N

’
o

(x)l(S)
A,

axis and the principal axes a,b,c respectively.
Angle of rotation around internal rotation axis.
Internal rotation dynamical constant (GHz)
F = h/8%n I,

Threefold component of torsional barrier po-
tential V' = Vy(1-—cos 3a)/2.

Reduced barrier height s = 4V,/9F.
r=1-3, (\2I,/L).

Angle between CH; symmetry axis and a—prin-
cipal axis.

Fourier coefficient.

Internal rotation interaction constant
A,=3Fa, (5)/2=%F w,(s).

P b e Components of the electric dipole moment

Qyy Vow
U

o0 L

Q

Aoy
XX

along the a- or b- or c-principal axes.
Rotation-vibration coefficients in the power se-
ries representing B, (see text).

¢ -doubling constant (MHz).

Components of the magnetic shielding tensor
which are parallel and perpendicular to the
molecular axis, respectively.

Molecular guadrupole moment relative to the
center of mass (esu-cm?),

Electric polarizability anisotropy (cm?).
Components of the magnetic susceptibility ten-
sor which are respectively perpendicular and
paraliel to the molecular axis (erg/G*mol).

Xx=—Xyy Magnetic susceptibility anisotropy.

81,8

Components of the molecular G tensor which
are respectively perpendicular and parallel to
the molecular axis. g, is sometimes denoted g
or g, for linear molecules in the ground state
(n)-
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8xx —gyy
cxorM
Sxy

ap,Bp

Pey

a,bcd

C.)

ab,.c

1.5.

Anistropy of the molecular G tensor perpen-
dicular to the molecular axis ().

Spin rotation constant related to nucleus
X(kHz).

Spin-spin interaction constant between nucleus
X and nucleus Y (kHz).

Q-type doubling parameters,

ap = 43(—1y
o (1G4 +2B)L, [3)(S(BL,|II)
E>—Exy
33— &1

A-type doubling constant in the *II,, state
(MHz).
Magnetic hyperfine coupling constants (MHz)
where,

a =2pupgnpn(1/7%),
3cos’x— 1>

r3

b=— MBgNP«N<
16
+_3’7T 23:9 NMN\Pz(O),

3cos’y— 1)

¢ =3MB§NMN< 3

sin’y— l>.

d =3MB§NMN< P

Here pp is the Bohr magneton, uy is the nu-
clear magneton and gy is the nuclear g-value.
Spin-orbit coupling constants defined by the
power series expansion, A = A, + Ay € +
A(]z) gZ + ver o

1.4.d. Other

Refers to unknown uncertainty when appear-
ing in the uncertainty column.

Asterisks in the uncertainty column indicate
that the transition frequency is calculated
rather than measured.

Parentheses in the numerical listings contain
measured or estimated uncertainties. For ex-
ample, the value 1.407(83) should be inter-
preted as 1.407+0.083. Thus the value in
parentheses refers to the last significant digits
given.

Designate principal axes corresponding fo 4,
B, and C, respectively.

Special Units, Fundamental Constants,
and Useful Conversion Factors

1.5.a. Special Units
Abbreviation for Debye units (1 D=10"1®

electrostatic units of charge X centimeters, or
1 D=3.33564 X 10~* coulomb meter).
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cm™! Reciprocal wavelength (wave number) em-
ployed as a unit proportional to energy.
A Angstrom abbreviation for the unit of length

in bond distances (1 A=10""° m).

1.5.b. Fundamental Constants and Conversion Factors®

A, = 5.0537905(85) X 10° MHz-u-A?,
h =6.626176(36) X 10~* J.s,
¢ = 2.99792458(1) X 10° m-s~!
lem™! = 1.986478(11)x 10~2 J,

= 11.96266 J mol~,

= 29979.2458 MHz,
lu = 1.6605655(86) x 107kg.
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2. Molecular Constants and Spectral
Line Tables

As described in Sec. 1.1, the data tables for each
molecule consist of a table of derived molecular con-
stants followed by the spectral line table. These are or-
dered alphabetically by the empirical formula.

The molecular constants are presented for each iso-
topic species in the order: rotational constants, hyperfine
structure constants, electric and magnetic dipole mo-
ments and, when appropriate, additional references
which were not utilized in the tabulation. The molecular
constants were either produced by our reanalysis of the
data or then directly from the literature. A reference
number in the table title means that all data is from that
source. Reference numbers within the table refer only to
the particular entry or column of entries. If no reference
is given, the constants were determined in the present
work. Reanalysis of the literature data focused on the
normal isotopic species and ground vibrational states.
For the most part the spectra for excited vibrational
states and rare isotopic species were limited in quantum
state covered. The published analyses, often rigid rotor
fits, appeared accurate from inspection of the analyses.

The spectral line tables are organized first by isotopic
species. For each species the transitions are listed by in-
creasing frequency. All of the transitions listed after an
isotopic species, formula belong to that species, since it is
redundant to repeat these labels for every transition en-
try. The references to all data can be found in Sec. 3.
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Table 1.1. Molecular constants for *2CH and 3CH.
Parameter L2CH (MHz) 13CH (MHz)
A 843817.57(69) 843806.972
B, 425476.852(73) 422957.0332
D, 43.8255(32) 43,3033

H, 0.0035 0.003443

Yo -771.11(26) -766.52

Do 0.158(24) 0.1562

p 1003.9957(23) 998.44(25)
Pp -0.27335(28) -0.298(25)
PH -0.326(49)x107* 0.30x10742
q 1159.6830(12) 1146.308(70)
ap ~0.457479(47) -0.4777(65)
ag 0.9632(51)x107* 0.9404x107 43
a(H) 54.28(14) 54.283
by(H) ~57.67(20) -57.678
c(H) 57.17(17) 57.178

d(H) 43.5167(40) 43,528

dp ~0.01601(52) ---

cy 0.0056(17) 0.504(101)
a(13c) 221.2(15)
bp(13C) 46.8(20)
c(13C) -127.8(23)
d(13¢c) 276.1(5)
Reference [84033) [86018]

3Calculated from '2CH parameters.
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TaBLE 1.2. Microwave spectrum of methyladyne radical CH
Isotopic Frequency Unc. J - J” F' FR - F" F{ Vib. Ref.
species (MHz) (MHz) state

CH I, 3263.794 ( 0.003) 172 - 172 0 -1 y=0 [ 74055}
3335.481 ( 0.002) 172 - 122 1 -1 y=0 [ 74055]
3349.193  ( 0.003) 172 - 172 1 -0 v=0 [ 74055]
727478  (0.15) 32 - 32 +1 - =2 v=0 [ 84033]
7325.15 (0.15) 3/2 - 372 +1 - -1 y=0 [ 84033)
734828 (0.15) 32 - 32 +2 - =2 y=0 [ 84033]
739838 (015) 32 - 312 +2 - -1 v=0 { 84033]
1471378 ( 0.15) 5/2 - 5/2 -2 - +3 v=0 [ 83012]
14756.81 (0.15) 572 - 5/2 -2 - +2 y=0 [ 83012)
1477897 (020) 52 - 52 -3 - 33 v=0 [ 83012}
14821.88 ( 0.15) 5/2 - 5/2 -3 - +2 v=0 [ 83012]
2438157 (040) 172 - 12 +3 - -4 v=0 [ 83012)
2442065 (0.10) 1772 - 172 +3 - -3 v=0 [ 83012)
2444256  ( 0.10) 72 - 172 +4 - —4 v=0 [ 83012]
24482.10 (020) 7/2 - 772 +4 - -3 y=0 [ 83012]
50299.750 ( 0.020) 1172 - 1172 -5 - +5 v=0 [ 83028]
50321.276 ( 0.020) 112 - 1172 -6 - +6 v=0 [ 83028)
66400.098  ( 0.030) 1372 - 132 +6 - -6 y=0 [ 83028]
66421.466 ( 0.030) 1372 - 1372 +7 - =7 v=0 [ 83028)
CH M, 701.677 ( 0.010) 32 - 32 -2 - +2 v=0 [ 85016]
724,789 ( 0.010) 32 - 32 -1 - +1 v=0 { 85016]
484784 (020) 5/2 - 5/2 +2 - =2 v=0 [ 83012)
4870.12 (020) 52 - 5/2 +3 - -3 y=0 [ 83012]
1125079 ( 0.50) 772 - 12 -4 - 43 y=0 [ 83012]
11265.21 (0.15) 772 - 172 —4 - +4 v=0 [ 83012]
11287.05 ( 0.15) 772 - 172 -3 - 43 y=0 { 83012]
1130122 (0.20) 772 - 172 -3 - +4 v=0 [ 83012]
43851.026 ( 0.030) 1372 - 132 +7 - =7 v=0 [ 83028]
43872.591 ( 0.030) 1372 - 132 +6 - -6 y=0 [ 83028)
58986.633  ( 0.020) 1572 - 15/2 -8 - +8 yv=0 [ 83028]
59008.076  ( 0.020) 1572 - 15/2 -7 - 47 y=0 [ 83028]
76147.336 ( 0.030) 1772 - 1712 -9 - 49 v=0 [ 83028]
76168.632  ( 0.050) 1772 - 112 -8 - +8 y=0 [ 83028}
BCH M, 303026 ( 1.00) 172 - 12 -0 172 - 41 312 v=0 [ 86018]
3041.14 (125) 172 - 12 -0 172 - +1 112 v=0 [ 86018]
332330 (0.75) 172 - 172 -1 172 - 40 122 v=0 [ 86018}
334394 (1.30) 172 - 172 -1 172 - +1 3722 y=0 [ 86018]
335573 (1.00) 172 - 172 -1 12 - 41 12 v=0 [ 86018]
3373.57 (075) 172 - 172 -1 32 - +0 122 v=0 [ 86018]
339458 (065) 172 - 172 -1 32 - +1 322 v=0 [ 86018}
3406.53  (2.00) 172 - 122 -1 32 - +1 112 v=0 [ 86018]
4712.13  (045) 5/2 - 5/2 +3 72 - =3 112 v=0 [ 86018]
473434 (1 0.60) 5/2 - 5/2 +3 52 - -3 572 v=0 [ 86018])
474392 (220) 5/2 - 5/2 +3 5/2 - =3 1772 v=0 [ 86018]
484836  ( 2.50) 52 - 52 +2 5/2 - =2 372 v=0 [ 86018]
4855.63 (045) 5/2 - 5/2 +2 5/2 - =2 572 v=0 [ 86018)
487825 ( 0.60) 5/2 - 5/2 +2 32 - -2 32 v=0 [ 86018]
488773  (2.00) 52 - 52 +2 32 - -2 572 y=0 [ 86018]
4899.75 ( 1.80 ) 5/2 - 5/2 +3 772 - =2 572 v=0 [ 86018)
709395 (220) 32 - 3 +1 172 - —1" 32 v=0 [ 86018]
714453  ( 1.50) 32 - 32 +1 12 - —-1 172 y=0 [ 86018)
7159.27 (1.35) 372 - 32 +1 32 - -1 3 v=0 [ 86018)
7210.11 (120) 32 - 312 +1 32 - ~-1 122 y=0 [ 86018]
7245.41 (1.25) 32 - 32 +2 32 - ~1 32 y=0 [ 86018)
7269.91 ( 1.30) 32 - 32 +2 32 - -2 322 y=0 [ 86018)
730994  (125) 32 - 32 +2 52 - =2 572 v=0 [ 86018)
7363.69 (200) 32 - 312 +2 5/2 - -2 372 v= [ 86018]
11047.51 (0.70) 72 - 12 -4 972 - 44 972 v=0 [ 86018]
11070.85 ( 1.00) 772 - 172 -4 72 - +4 772 V= [ 86018)
11190.16  ( 1.00) 72 - 1N -3 772 - 43 12 v=0 [ 86018)
1121277 (1.20) 772 - 172 -3 572 - 43 52 y=0 [ 86018]
14458.28  ( 2.50) 5/2 - 5/2 -2 32 - 42 52 v=0 [ 86018]
14499.52  ( 0.80 ) 52 - 52 -2 372 - 42 31 y= [ 86018]
14515.81 (070) 52 - 5/2 -2 5/2 - 42 52 y=0 [ 86018]
14539.69  ( 2.50 ) 52 - 5/2 -2 32 -~ 43 52 v=0 [ 86018]
1456196  ( 2.00 ) 52 - 52 -3 52 - 42 52 v=0 [ 86018}
14599.89 (220 ) 52 - 5/2 -2 5/2 - + 5/2 v=0 [ 86018]
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TABLE 1.2. Microwave spectrum of methyladyne radical — Continued CH
Isotopic Frequency Unc. J o~ J” F' F - F" F{ Vib. Ref.
species (MHz) (MHz) state
14623.54 (1 220) 52 ~ 5/2 -3 72 - + 572 v=0 [ 86018]
1464393  ( 0.50) 52 - 52 -3 52 - + 572 v=0 [ 86018]
14662.00  ( 0.50 ) 52 -~ 512 -3 72 - 43 72 y=0 [ 86018]
14704.94  (2.50) 5/2 ~ 572 -3 72 - +3 512 v=0 [ 86018]
Table 2.1. Molecular parameters? of CH,(X°B,).
Parameter (000) State [82034] (010) State [82033)
vo (em™1) --- 963.09866(41)
A (em™Y) 73.05775(11) 184.12263(82)
B (em™1) 8.415172(76) 8.36216(15)
c  (em™1) 7.219272(45) 7.09284(20)
8¢ Cem™1) 1.991049(47) 23.969P
ANk (em™1) -0.019660(27) -0.07889(14)
oy (em™) 0.0003013(34) 0.000162(18)
8y (em™1) 0.1012(12)x1073 0.1012x1073¢
L C. ) 0.0 1.52b
ogy (em™1) -0.0019417(21) 0.0
ok (em™b) 0.1281(186)x107* -4.671(57)x107"
oy (em™) 0.251(59)x107¢ 0.78(58)x107®
oy (em™) 0.195(30)x107¢ 0.0
D (em™) 0.77842(14) 0.79560(48)
E (em™?) 0.039906(38) 0.03540(53)
€aq (cm™) 0.000446(78) 0.00352(54)
epp (em™1) -0.005148(18) -0.00470(23)
€ce (cm™1) -0.004106(27) -0.00458(21)
apc (MHz) -20.26(51)
T,, (MHz) 39.7(17)
Tpp (MHZ) -20.2(19)

3Parameters not given were fixed at zero.

The numbers in

parentheses are one standard deviation from the least-
squares fit in units of the last quoted digit.

Ay and &y were fixed at values determined from the semi-

rigid bender model.
€8y was fixed at its ground (000) state value.
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Table 2.2. Molecular parameters® for 13CH,. [83049]

Parameter (000) State (010) State

v (em™) 959.1674(2)

A (em?) 72.627b 181.23423(143)
B (em™) 8.415767(67) 8.37093(76)

¢ (em™1) 7.208087(390) 7.07665(73)

bg  (em™1) 2.583P 23.657P

ayg (em™t) -0.01966° -0.07889°¢

by Cem™) 0.2569(156)x10™3 0.162x107 3¢

8y (em™) 0.1569(156)x107 2 0.3948(307)x107?
o (em™1) 0.127b 1.50P

¢y (em™) -0.19417x1072¢ 0

ok (em™1) 0.1281x1074¢ -0.4671x107%¢

¢y (cm™b) 0.251x1076¢ 0.78x1076¢

¢y {(em™) 0.195x10°¢¢ i}

D (cm™1) 0.78006(130) 0.79767(37)

E  (em™?) 0.04176(53) 0.03839(137)
€a5 (cm™1) 0.0446x1072¢ 0.352x1072¢

Epp (cm™t) -0.5148x1072¢ -0.470x107%¢

€ce (cm™1) -0.4106x1072¢ -0.458x1072¢

apg (em™) 0.7955(185)x1072 0.7330(209)x10"2
Taa (cm™d) -0,2173(748)x1072 -0.2771(448)x1072

8Parameters not given here were fixed at zero. The numbers in
parentheses are on standard deviation from the least-squares
fit in units of the last quoted digit.

These parameters were fixed at values determined from a fit
to nonrigid bender calculations for '°CH, by Jensen et al.
[82032].
CThese parameters were fixed to :2CH, values.
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Table 2.3. Molecular parameters for the (000) and (010)
vibrational levels of CD, in its X®B; ground
electronic state. [84028]

Parameter (000) State? (010) StateP
Vo (cm™?) 752.3795(4)

A (em™1) 37.786829(60) 70.45524(38)
4(B+C) (em™) 3.962159(12) 3.930017(27)
£(B-C) (cm™%) 0.26757(10) 0.3029(46)

ag (em™?) 0.560228(16) 4.991843(60)
AN (em™1) -0.49753(79)x1072 -0.019590(62)

Ay (em™1) 0.09242(63)x1073 0.1052(52)x1073
8x (em™) 0.2783(50)x1072 1.71(23)x1072
. (em™%) 0.2231(23)x107* 0.232(18)x10"*
e (em™t) 0.0196¢ 0.278¢

oxN (em™t) -0.2433(19)x1073 -2.3749(66)x107*
Ik (em™) -0.189(18)x107° -0.189x107 54

oy (em™) 0® 0®

D (em™?) 0.776466(93) 0.78935(24)

E (em™) 0.040580(65) 0.03727(24)

€aa (em™) 0.282(36)x107° 0.585(90)x1073
bepptece) (em™) -0.2342(19)x1072 -0.2420(48)x1072
$(eppece) (em™d) -0.262(18)x107* -0.28(8)x107?

8From a fit to the previous far-infrared LMR data [83050)
with the addition of the measurements of the 5,, « 5,,
transition.

From a fit to v,-band diode-laser measurements [83055] and
the data of [84028]. For both states, magnetic g values were
fixed at theoretical values, and the numbers in parentheses
are one standard deviation from the least-squares fit
expressed units of the last quoted digit.

CFixed at a value determined from the energy levels given by
Bunker and Jensen [83048].

Fixed at the ground-state value.
©This parameter and all others not listed were fixed at zero.
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TABLE 2.4. Microwave spectrum of methylene radical CH,
Isotopic Frequency Unc. N'@K_,K,1) - N'(K_,K.) J' FF - J' F Vib. Ref.
species (MHz) (MHz) state

CH, ’B 68371.278  ( 0.041) 40,49 - 3143 5 6 - 4 5 [ 83046]
68375.875  ( 0.039) 40,4 - 31,3 5 5 - 4 4 [ 83046]
68380.873  ( 0.041) 40,4 - 3143 5 4 - 4 3 [ 83046]
69007.179  ( 0.037) 40,4 - 31,3 3 2 - 2 1 [ 83046]
69014.202  ( 0.037) 40,4 - 3(L1L3 3 3 - 2 2 [ 83046}
69019.187 ( 0.044) 40,4 - 313 3 4 - 2 3 [ 83046]
69264. ( *10.) 400,49 - 31,3 [ 82032]
70678.633  ( 0.042) 400,49 - 3(L3) 4 3 - 3 2 [ 83046]
70679.543  ( 0.045) 40,4 - 31,3 4 4 - 3 3 [ 83046]
70680.720  ( 0.038) 40,4 - 31,3 4 5 - 3 4 [ 83046]
443314. ( *10.) 2(1,2) - 30 3 [ 82032}
593016. ( *10.) 5(0,5) - 4144 [ 82032}
942752. ( *10.) (LD - 202 [ 82032]
1797031. ( *10.) 1(1,0 - 1(0, 1) v, [ 83048]
1835021. ( *10.) 2(1,1) - 20,2 v [ 82032]
1892863. ( *10.) 31,2 - 30,3 1v, [ 82032]
1915159. ( *10.) (1,0 - 1(0, 1) [ 82032]
1953602. ( *10.) 2(1, 1) - 20,2 [ 82032]
2012061. ( *10. ) (4,2 - 30,3 [ 82032)
2091456. ( *10.) 41,3 - 40, 4) [ 82032]
2317734. ( *10.) 6( 1,5 - 600, 6 [ 82032]
2348016. ( *10.) 1(1, 1) - 0(0, 0 [ 82032]
2650643. ( *10.) 2(1,2) - 1(0, 1) v, [ 83048]
2782846. ( *10.) 2(1,2) - 1(0, 1 [ 82032]
2924276. ( *10.) 42,2 - 51,5 [ 82032]
2930008. ( *10.) 3(2,2) - 41,3 [ 82032)
4754102. ( *10.) 52,3 - 5(1,4) [ 82032]
CD, B 515403. ( *10.) (1, 1) - 200, 2) [ 83050]
1005966. ( *10.) (1,0 - 10D [ 83050]
1022406. ( *10.) 20, 1) - 20,2 [ 83050]
1047370. ( *10.) 3(1L,2) - 30,3 [ 83050]
1227818. ( *10.) I(1, 1) - 00 0 [ 83050]
1450180. ( *10.) 21,2 - 100, 1 [ 83050]
1664966. ( *10.) 301,33 - 20,2 [ 83050]
1767106. ( *10.) 42,2 - 51,5 [ 83050}
1802739. ( *10.) 32,2 - 41,3 [ 83050]
2069063. ( *10.) 202, 1) - 31,2 [ 83050]
2072840, ( *10.) 5(1,5 - 40,4 [ 83050]
2758720. ( *10.) 4(2,2 - 413 [ 83050]
2875172. ( *10.) (2, 1) - 31,2 [ 83050]
2805872. ( *10. ) 22,0 - 201,01 [ 83050]
2878376. ( *10.) 32,2 - 313 { 83050}
2912514. ( *10.) 4(2,3 - 41,4 [ 83050]
3520937. ( *10.) 3(2,2) - 21,1 [ 830501
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Table 3.1. Molecular constants for CH, and '3CH,.
Parameter CH, L3CH,

Dp (MHz) 0.13294357(97) 0.13298081(122)
Hyr (Hz) -16.9790(90) -16.9791(112)
Hegp (Hz) 10.9956(38) 11.1786(45)

Lyr (Hz) 2.000(23)x107° 1.975(27)x1073
Lgr (Hz) -2.519(15)x1073 -2.643(18)x1072
Lgy (Hz) -2.617(92)x1073 -2.957(101)x1073
Reference [85020] [86011]

Distortion Dipole Moment [71048], [78033]

837y (D)

837 (D)

Vl=0 2

V1=1 1

4,06(45)x107¢

3.8(20)x10°8

Nuclear Hyperfine Constants [80040]

cy  (kHz) 10.372(83)
cq (kHz) 18.370(23)
d  (kHz) 21.17(32)
4, (kHz) 7970.30(66)
Table 3.2. Molecular constants for CH,D and CH,D,.
Species Parameter Value Reference
CH,D By (MHz) 116325.308(9) [80039]
Ko J,K=1,1 (D) 5.641(3)x1073 [70068]
Uy J,K=1,2 (D) 5.679(3)x1073 [70068]
eqQ(D) (kHz) 191.48(77) [70068]
cy (kHz) 16.54(35) [70068]
cg (kHz) -1.58(100) {70068]
CH,D, A-C (MHz) 37555.758 [75057])
B-C (MHz ) 13664.280 [75057]
Hp (D) 0.014(5) [75057)

J. Phys. Chem. Ref. Data, Vol. 18, No. 3, 1989

Table 3.3. Molecular constants for CD, and 13CD,.

Parameter Cpb, 13¢cp,

Dy (MHz) 0.03265087(89) 0.0326600(12)
Hyp (Hz) -2.0281(40) -2.0302(61)

Hgp (Hz) 1.1480(14) 1.1692(29)

Lyr (Hz) 0.1194(46)x1072 0.1201(77)x1073
Lgr (Hz) -0.1431(28)x1073 -0.1353(63)x107°
Lgp (Hz) -0.1560(85)x1073 -0.1466(46)x1073
Reference {850201 [87003]

Distortion Dipole Moment 13CD, [83054)

0%y (D) 12.0(10)x107¢
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TABLE 3.4. Microwave spectrum of methane CH,
Isotopic Frequency  Unc. J' C’ T - Joocror Vib. Ref.
species (MHz) (MHz) state

CH, 7970 ( 0.008) 2 F 1 - 2 E 1 [ 81044]
42302 (002) 7 F, 2 - 7 F, 2 [ 73082}
1246.55 (0.02) 7 F, 2 - 7 Fy 1 [ 73082]
6895.204 ( 0.010) 6 F, 2 - 6 F, 2 v, =1 [ 73083)
7861.703  ( 0.050) 14 E 3 - 14 E 2 [ 85020}
7944.957  ( 0.050) 12 F 3 - 12 23 1 [ 85020]
8570.956  ( 0.050) 16 A 2 - 16 4, 1 [ 85020]
8620.452 ( 0.050) 16 F 3 - 16 F, 2 [ 85020]
8652.563  ( 0.150) 15 F, 2 - 15 F; 2 [ 85020}
9046.922  ( 0.050) 14 F, 4 ~ 14 Fy 2 { 85020]
9361.072 ( 0.050) 11 F 3 - 11 F 1 [ 85020]
9591.270 ( 0.050) 19 Az 2 - 19 A, 1 [ 85020}
9894.238  ( 0.200) 16 F 4 - 16 Fy 3 [ 85020]
10321.942  ( 0.050) 12 E 2 - 12 E 1 [ 85020]
10373.540 ( 0.100) 16 F, 4 - 16 F 3 [ 85020}
10474.550  ( 0.050) 14 F 3 - 14 F 1 [ 85020]
10519.185  ( 0.050) 13 F 3 - 13 F, 2 [ 85020]
10652.609 ( 0.050) 17 F, 3 - 17 F 3 [ 85020]
10797.985 ( 0.050) 12 F, 2 - 12 F, 1 [ 85020]
11261.362  ( 0.050) 13 E 2 - 13 E 1 [ 85020]
11421.276  ( 0.050) 15 F 4 - 15 F 3 [ 85020]
13154.727 ( 0.050) 17 E 3 - 17 E 2 [ 85020]
13279.651 ( 0.050) 12 A 1 - 12 A, 1 [ 85020)
13401.780 ( 0.030) 9 F 1 - 9 F 1 v, [ 87013]
13663.922 ( 0.100) 15 F, 4 - 15 Fy 2 [ 85020]
13675.008  ( 0.030) 5 F 1 - 5 F 1 v, [ 87013]
13845.458 ( 0.050) 13 Fy 3 - 13 F, 1 [ 85020}
13915.890  ( 0.050) 17 F, 4 - 17 F, 2 [ 85020]
14030436 ( 0.050) 12 F 3 - 12 F 1 [ 85020]
14151.879  ( 0.050) 15 E 2 - 15 E 1 [ 85020)
14776.843  ( 0.030) 2 F 2 - 2 R 2 v, [ 87013]
14850910 ( 0.050) 13 F, 2 - 13 F 1 [ 85020]
15146.857 ( 0.050) 15 F 3 - 15 F, 2 [ 85020)
15401.529  ( 0.050) 14 F 3 - 14 F, 2 [ 85020}
15601.846 ( 0.010) 6 F; 1 - 6 F 2 vy =17 [ 73083]
16289.143  ( 0.030) 3 F, 1 - 3 F, 2 v, [ 87013]
17821.123  ( 0.030) 5 F 2 - 5 F, 2 v, [ 87013)
18106.641  ( 0.030) 5 F, 4 - 5 F, 3 1y, [ 87013]
1852894 (0.20) 18 E 3 - 18 E 2 [ 75056]
18562.40 ( 0.20) 16 E 3 - 16 E 2 [ 75056])
19288.63  ( 0.20) 13 E 2 - 13 E 1 [ 75056)
BCH, 7865.140  ( 0.050) 14 E 2 - 14 E 1 [ 86011]
7947.783  ( 0.050) 12 F 3 - 12 F, 1 [ 86011]
8571.452 ( 0.050) 16 4 2 - 16 Az 1 [ 86011]
8622.953 ( 0.050) 16 F 3 - 16 F, 2 [ 86011])
9051.096 ( 0.050) 14 F, 4 - 14 F, 2 [ 86011]
9363.838 ( 0.050) i1 F; 3 - i1 F 1 [ 86011}
9589.706  ( 0.050) 19 A 2 - 19 A 1 [ 86011]
10324.129  ( 0.050) 12 E 2 - 12 E 1 [ 86011])
10476.730  ( 0.050) 14 F, 3 - 14 F, 1 [ 86011}
10523.128 ( 0.050) 13 F, 3 - 13 Fy 2 [ 86011]
10800.324  ( 0.050) 12 F, 2 - 12 F 1 [ 86011]
11265.530  ( 0.050) 13 E 2 - 13 E 1 [ 86011}
11422.993  ( 0.030) 8 F, 1 - 8 F, 1 v, [ 87013]
11426.496  ( 0.050) 15 F 4 - 15 F, 3 [ 86011]
12930.938 ( 0.030) 9 Fy 1 - 9 Fy 1 lvy [ 87013]
13111.090 ( 0.030) 5 F, 1 - 5 F 1 v, [ 87013]
13162.860 ( 0.050) 17 E 3 - 17 E 2 [ 86011)
13283.732  ( 0.050) 12 4, 1 - 12 Ay 1 [ 86011]
13670.860 ( 0.050) 15 F, 4 - 15 F 2 [ 86011]
13848.256 ( 0.050) 13 F 3 - 13 F, 1 [ 86011]
13918.873  ( 0.050) 17 F 4 - 17 F, 2 [ 86011]
14085.537  ( 0.030) 2 F, 2 - 2 F, 2 v, [ 87013)
14154.662  ( 0.050) 15 E 2 - 15 E 1 [ 86011])
14854.204  ( 0.050) 13 F, 2 - 13 F 1 [ 86011]
15150.224  ( 0.050) 15 F 3 - 15 F, 2 [ 86011]
15407.437 ( 0.050) 14 F, 3 - 14 F, 2 [ 86011]

J. Phys. Chem. Ref. Data, Vol. 18, No. 3, 1989



1264

TasBLE 3.4. Microwave spectrum of methane — Continued

F.J.LOVAS AND R. D. SUENRAM

CH,
Isotopic Frequency  Unc. J c’ T Jr c"or Vib. Ref.
species (MHz) (MHz) state

15559.539  ( 0.030) 3R 1 i R 2 1vs [ 87013]
17117.264  ( 0.030) 5 F 4 5 B 3 1vg [ 87013]
17260.660  { 0.050) 4 4 1 1“4 1 [ 86011]
17280932 ( 0.030) 5 B2 s B 2 vy [ 87013)
17376218 ( 0.050) 6 F 4 6 F 2 [ 86011}
17965.454  ( 0.030) 6 B 1 6 F 1 v, [ 87013]
18532.82  ( 0.10 ) 18 E 3 18 E 2 [ 76059]
18572.00  ( 0.12 ) 6 E 3 16 E 2 [ 76059]
18585.000  ( 0.030) 6 F 3 6 F 3 v, [ 87013]
1929280  ( 0.15 ) 4 E 2 4 E 1 [ 76059]
Ccp, 104.236 ( 0.010) 7 R 2 7 R 2 [ 81045]
125033 ( 0.105) 21 R 5 A F 6 [ 81045)
385310 ( 0.036) 7 R 2 7 R 1 [ 81045)
1243318 ( 0.046) 10 4 1 0 4 I [ 85020}
2452.846  ( 0.050) 9 4 2 19 4 1 [ 85020]
8259.506  ( 0.050) 20 F 4 0 F 2 [ 85020]
8266.767  ( 0.050) 18 F 3 18 F 2 [ 85020]
8547.542  ( 0.050) s B 1 s F 1 v, [ 85021]
8920.583  ( 0.050) 20 E 3 0 E 2 [ 85020]
8998.854  ( 0.050) 19 E 2 19 E 1 [ 85020]
9070706  ( 0.050) 7 R 2 17 R 1 [ 85020]
9266.15¢  ( 0.050) 5 R 1 s F 1 1wy [ 85021]
9324.892  ( 0.050) 19 F 3 15 F 2 [ 85020]
9909.461  ( 0.050) 2 B2 2 R 2 1vs [ 85021]
10474.455  ( 0.050) 19 A4 1 19 4 1 [ 85020]
10548.114  ( 0.050) 18 4, 1 18 A4, 1 [ 85020]
10794.793  ( 0.050) 8 F 2 8 F 1 [ 85020)
10851.117  ( 0.050) 19 B 5 19 F 2 [ 85020]
10898.099  ( 0.050) 2 E 3 2 E 2 [ 85020]
10990.119  ( 0.050) 3 R 2 IR 1 v [ 85021]
11011.867  ( 0.050) 0 F 3 20 F 2 [ 85020]
11047.427  ( 0.050) i R4 20 R 3 [ 85020]
11493446  ( 0.050) 2 R4 2 R 2 [ 85020]
11642.592  ( 0.050) 0 F 3 20 £ 1 [ 85020]
11915304  ( 0.050) 3 E 3 B E 2 [ 85020]
12457713 ( 0.050) 6 F 1 6 B 1 1ve [ 85021]
12500125  ( 0.050) 6 F 3 6 F 3 1w [ 85021]
12626.803  ( 0.050) 0 4 1 0 4 1 v [ 85021]
12788210  ( 0.050) 9 F 2 15 B 1 [ 85020]
12896520 ( 0.050) s R 3 5 B 4 v [ 85021]
12921335 ( 0.050) A 4 1 21 A4 1 [ 85020]
13090.017  ( 0.050) n R 7 1 R 6 v [ 85021]
13297122 ( 0.050) B F 4 B3 R 3 [ 85020]
13523924  ( 0.050) 21 F 3 1 R 2 [ 85020]
14054.956  ( 0.050) 2 4 2 2 A4 1 [ 85020]
14159.642  ( 0.050) 8 F 5 g8 R 5 v [ 85021]
14183.737  ( 0.050) o F 4 g B S v [ 85021]
14428237 ( 0.050) B F 4 B R 2 [ 85020]
15157.079  ( 0.050) 2% A4 2 % 4 850201
15262206  ( 0.050) 20 F 2 0 A [ 85020]
2 F 6 1ve [ 85021]
15414.963  ( 0.050) 2 R 6 ! [ 85020]
15675.150  ( 0.050) 2 R 3 2 A1 [ §7003]
BCD, 698.843  ( 0.052) 2 R4 2 B3 [ 87003]
911.938  ( 0.056) 2 F 3 2 B 2 [ 87003]
923452  ( 0.042) . R2 2 R2 [ 87003)
1718910  ( 0.051) 2 R 3 o A2 [ 87003]
2106.762  ( 0.014) 1 B 4 a R4 [ £7003]
3156.452  ( 0.077) 20 F 4 A B3 [ 83054]
2416.682  ( 0.090) 2 F 4 2 IF; ‘: [ £7003]
8788.073  ( 0.077) 17 R 3 17 5o [ 87003]
§788.285 ( 0.078) n R4 S [ 87003]
9072.496  ( 0.045) 17 F 2 oE [ 87003]
9144.378  ( 0.056) 20 RS 2 h 3 [ 87003]
9378.446  ( 0.00) 2 Fo4 20 e [ £7003]
11369.124  ( 0.080) s B4 R [ 87003]
11453252 (1.25) 7 R 7oA
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TABLE 3.4. Microwave spectrum of methane — Continued CH,
Isotopic Frequency  Unc. J' C’ T - J o ctor Vib. Ref.
species (MHz) (MHz) state
CH,D 232644327 ( 0.018) 1(0, 0) - 0 0, 0) { 80039}
CH,;D; 37556.666  ( 0.050) 1I(1, 0 - 1(0, 1) [ 75057]
55617.92 (005) 2L 1) - 2( 0,2 [ 75057]
74188.234  ( 0.050) 3(2, 1) - (1,2 { 75057]
Table 4.1. Molecular constants for the ethynyl radical.
Parameter CCH CCh
B (MHz) 43674.542(8) 36068.035(14)
D (MHz) 0.1076(8) 0.0687(7)
v (MHz) -62.647(35) -55.84(3)
b (MHz) 40.54(20) 6.35(7)
c (MHz) 12.26(26) 1.59(26)
eqQ (MHz) 0.21(9)
Reference [83008] [85007],{85000]
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TABLE 4.2. Microwave spectrum of ethynyl radical C:H
Isotopic Frequency  Unc. J’ J" P F’ F Vib. Ref.
species (MHz) (MHz) state

CCH 87284.156  ( 0.030) 3/2 172 1 1 v=20 [ 83008]
87316.924 ( 0.010) 3/2 172 2 1 = [ 83008]1
87328.623 ( 0.016) 3/2 1/2 1 0 =0 [ 83008]
87402.037 ( 0.040) 172 1/2 1 1 =0 { 83008]
87407.165 ( 0.011) 172 172 1 0 v= [ 83008]
87446.512  ( 0.023) 172 172 0 1 v= [ 83008]
170885.841  ( 0.082) 372 172 1 0 =1 [ 87027]
170887.030  ( 0.029) 3/2 172 — 2 1 =1 [ 870271
170897.890 ( 0.042) 3/2 172 - 1 1 =1 [ 87027]
172246.787 ( 0.046) 372 172 + 1 0 =1 [ 870271
172249.761  ( 0.020) 3/2 172 + 2 1 =1 [ 87027]
172263.532 ( 0.038) 3/2 172 + 1 1 =1 [ 87027]
172263.532  ( 0.038) 372 172 + 1 1 =1 [ 87027]
172263.532  ( 0.038) 372 172 + 1 1 =1 [ 87027]
174215.440 ( 0.026) 5/2 372 — 3 2 =1 [ 87027]
174219.435 ( 0.042) 5/2 372 — 2 1 =1 [ 87027]
174663.222  ( 0.008) 5/2 3/2 3 2 =0 [ 83008]
174667.685 ( 0.017) 5/2 3/2 2 1 =0 [ 83008]
174721777  ( 0.026) 3/2 172 2 1 =0 [ 83008]
174728.100  ( 0.040) 3/2 172 1 1 =0 [ 83008]
175575.067  ( 0.095) 5/2 3/2 + 3 2 =1 [ 87027]
175578.769  ( 0.041) 5/2 372 + 2 1 =1 [ 87027]
259152.150  ( 0.038) 572 3/2 + v=1 [ 87027]
260447.247 ( 0.032) 7/2 5/2 + 4 3 y=1 [ 87027]
260448.876  ( 0.032) 7/2 5/2 + 3 2 =1 [ 87027]
261196.725  ( 0.038) 5/2 372 — =1 [ 87027]
262004.260 ( 0.100) /2 5/2 4 3 =0 [ 81041]
262006.482 ( 0.100) 7/2 5/2 3 2 v=20 [ 81041]
262064.986 ( 0.100) 5/2 3/2 3 2 yv=20 [ 81041]
262067.469 ( 0.100) 572 32 2 1 =0 [ 81041]
262487.823  ( 0.020) 7/2 5/2 — 4 3 =1 [ 87027]
262489.430 ( 0.024) 7/2 5/2 - 3 2 =1 [ 87027]
346249.035 ( 0.050) 7/2 5/2 - =1 [ 87027]
346928.993 ( 0.037) 9/2 5/2 — =1 [ 87027]
348974.523  ( 0.054) 7/2 5/2 + =1 [ 87027)
349338.103  ( 0.100) 9/2 7/2 =0 [ 81041]
349400.612 ( 0.100) 7/2 5/2 y= [ 81041}
CCD 72107.70 (003) 3/2 172 5/2 372 v= [ 85000]
144241.91 (003) 5/2 32 7/2 5/2 y= [ 85000}
144243.06 (0.03) 5/2 372 5/2 3/2 v=0 [ 85000]
144243.06 (003) 5/2 32 3/2 1/2 =90 [ 85000]
144237.11 (003) 5/2 372 5/2 5/2 v=10 [ 85000]
144239.71 (003) 5/2 372 372 3/2 yv=20 [ 85000}
144296.72 (0.03) 3/2 172 5/2 372 =0 [ 85000]
144297.66 (0.03) 3/2 172 3/2 172 =0 [ 85000)
144299.21 (003) 3/2 172 3/2 3/2 v= [ 85000]
144299.21 (0.03) 3/2 172 1/2 1/2 =0 [ 85000)
216368.56 (005) 7/2 572 7/2 7/2 =0 [ 85007]
216369.99 (007) 7/2 5/2 5/2 5/2 v="0 [ 85007]
216372.83  ( 0.02) /2 572 9/2 /2 v= [ 85007]
216373.32 (002) 7/2 5/2 7/2 5/2 v=20 [ 85007]
216373.32  ( 0.02) /2 5/2 5/2 3/2 y= [ 85007]
216428.32 (002) 5/2 372 7/2 5/2 =0 [ 850071
216428.32 (002) 5/2 372 5/2 3/2 y= [ 850071
216428.76 (0.04) 5/2 372 372 172 =0 [ 850071
216430.34  ( 0.06 ) 5/2 372 32 372 =0 [ 85007]
21643126  ( 0.05 ) 5/2 32 5/2 5/2 y= [ 85007]
288499.00 ( 0.05) 9/2 7/2 v= [ 85000]
288554.59 (0.05) 772 572 v=20 [ 850001
360618.34  ( 0.15) 1172 9/2 v= [ 85000]
360674.17 (0.15) 9/2 772 y= [ 850001
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Table 5.1. Molecular constants for d,-acetylene (HCCD).

Parameter Ground State vy, Vg
B, (MHz) 29725.24(5) 29803.003(6)  29766.750(4)
D, (MHz) 0.0336(32)
D, (MHz) 0.0363(9) 0.0342(2)
Dg (MHz) 0.0303(12) 0.0352(3)
qy (MHz) 132.993(14) 105.702(8)
uy (D) 0.02359(5) 0.05601(9)
Reference [69062] {80037} [80037]
3v, (M) 3vg (M)
B, (MHz) 29969.052(43)  29861.189(27)
D, (MHz) 0.0402(9)
Dg (MHz) 0.0450(12)
q, (MHz) 135.529(25) 108.642(28)
u, (D) 0.090077(26) 0.1472(21)
Reference (800371 (800371

Table 5.2. Molecular constants for DCCD
from the vi - vl band. [77038]

Parameter Value
Vo (em™?) 27.10461(19)
B, (MHz) 25480.70(43)
Bg (MHz) 25483.24(46)
D, (MHz) 0.02436(19)
Dy (MHz) 0.02427(23)
qn (MHz) 97.02(18)
qs (MHz) 98.02(22)
Vi (MHz) 0.00023(17)
Vs (MHz) 0.00013(21)
Bs - B, (MHz) 2.537(34)
q4s - q, (MHz) 0.992(16)
Ds - D, (MH2) -0.000083(49)

Deuterium hyperfine constants [87023]

eQq (v,) (MHz) 0.20916
eQq (vg) (MHz) 0.20870
¢ (v,) (MHz) -0.44x107"
¢ (vg) (MH2) -0.40x107°
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TaBLE 5.3. Microwave spectrum of acetylene C:H,
Isotopic Frequency Unc. Jo-J Vib. Ref.
species (MHz) (MHz) state

HCCD 59450.6 (02 ) 1 - 0 [ 64029]
118854.778 ( 0.019) 2 -~ 1 lvs ¢ [ 800371
118945.132  ( 0.017) 2 - 1 lvec [ 80037}
119009.24 (0.15) 2 - 1 3us ¢ [ 80037)
119277.553  ( 0.019) 2 -~ 1 lvsd [ 80037]
119333.134  ( 0.039) 2 - 1 3vsc ( 80037]
119477.295 ( 0.017) 2 - 1 lvad [ 80037]
119878.22 (0.15) 2 - 1 3vus d [ 80037]
120417.362  ( 0.039) 2 - 1 3ved [ 800371

DCCD 4767255 ( 0.05) 14 - 15 ve - 1lusd { 77038]
50367.48 (005) 14 ~ 15 vy - lusc [ 77038]
51084.63 (005) 17 - 16 Ivs - lwe [ 77038]
54101.63 (005) 17 - 16 lvs - lvd [ 77038]
98582.83 (005) 13 - 14 lvg - lusd [ 77038])
101789.73 (0.05) 18 - 17 lvs - lwec [ 77038]
10111320  ( 0.15) i3 - 14 lvs, - luse [ 77038]
104964.42 (0.05) 18 - 17 lvs - 1w d [ 77038]

Table 6.1. Molecular constants for deuterated ethylene [81042].

Parameter CH,CD, CH,CHD cis-CHDCHD
(MHz) (MHz) (MHz)

A 97496.7(18)2 120093.521(70)2 99667.262(89)

B 25675.260(44) 27470.737(26) 25417.208(41)

C 20268.791(40) 22297.745(14) 20199.073(24)

bg (1.224)b 2.1164(34) 1.4589(63)

b3k 0.1919(28) 0.1804(45) 0.117(11)

Az 0.03273(5) 0.03903(53) 0.0359(12)

33 0.00788(13) 0.008405(63) 0.008648(98)

g 0.206(22) 0.2438(43) 0.1966(66)

u (D) 0.0091(4)

3Uncertainties in parentheses are 2.5 standard deviations.
alue from J.L. Duncan, D.C. McKear, and P.S. Mallinson,
J. Mol. Spectrosc. 4S5, 221 (1973).
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TABLE 6.2. Microwave spectrum of ethylene CH,
Isotopic Frequency Unec. J(K_,K;) J"(K_1,K4)) Ref.
species (MHz) (MHz)

CH,CHD 99325.280 ( 0.050) 20,2 1(0, 1) [ 81042]
103174.346  ( 0.050) 2L 1 2( 0,2 [ 81042]
104706.688  ( 0.050) 2(1L 0D 1( 1, 0) [ 81042]
111635.872 ( 0.050) (1,2 300, 3) [ 81042]
116368.314  ( 0.050) 40, 4) 3(L, 3 [ 81042]
123623.433  ( 0.050) 401, 3) 40, 4 [ 81042]
130218.210 ( 0.050) 7( 1, 6) 6( 2, 5) [ 81042]
133418.797 ( 0.050) 6( 3, 3) 7( 2, 6) [ 81042]
139677.511 ( 0.050) 5(1, 4 5(0, 5) [ 81042]
141414.091 ( 0.050) 3(1,3) 2(1,2 [ 81042]
142389.091 ( 0.050) (1, D 0( 0, 0) [ 81042]
142405.002 ( 0.050) 13( 5, 9) 14( 4,10) [ 81042]
147157.056  ( 0.050) 13( 5, 8) 14( 4,11) [ 81042]
149296.905 ( 0.050) 3022 2(2, 1) [ 81042]
150136.632  ( 0.050) 3(2, 1 2(2 0 [ 81042]
154766.524  ( 0.050) 9( 4, 6) 10( 3, 7) [ 81042]
156573.485 ( 0.050) 11( 2, 9) 10( 3, 8) [ 81042]
156923.058 ( 0.050) (12 2(1, 1) [ 81042]
159588.607 ( 0.050) 15¢ 3,12) 14( 4,11) [ 81042]
160356.907 ( 0.050) 6( 1, 5 6( 0, 6) [ 81042]
163685.633  ( 0.050) 9( 4, 5) 10( 3, 8) [ 81042]

CH,CD, 45943.928 ( 0.050) 1(0, D) 0o( 0, 0) [ 81042]

53090.598 ( 0.050) 8( 2 6) 82, 7 [ 81042]
62937.912  ( 0.050) 13( 3,10) 13( 3,11) [ 81042]
78305.078  ( 0.050) 927 9( 2, 8) [ 81042]
86480.818 ( 0.050) 2(1,2 (1, 1 [ 81042]
89944.923  ( 0.050) 14( 3,11) 14( 3,12) [ 81042]
91593.381 ( 0.050) 2( 0, 2) 1(0, 1) [ 81042]
109211.211 ( 0.050) 10( 2, 8) 10( 2, 9) [ 81042]
123173.558 ( 0.050) 15( 3,12) 15( 3,13) [ 81042]
129541.200 ( 0.050) 3(1,3) 2(1,2 [ 81042]
136659.623  ( 0.050) 300, 3) 2(0, 2 [ 81042]
137824.016 ( 0.050) 3(2, 2 2(2 1) [ 81042]
138993.053  ( 0.050) 3(2, 1 2(2,0 [ 81042]
145746.403  ( 0.050) 3(1,2 2(1, 1) [ 81042]
172399.023  ( 0.050) 41, 4 31,3 [ 81042]
180882.216  ( 0.050) 40, 4 30 3 [ 81042]
183533.569 ( 0.050) 402, 3) 3(2 2 [ 81042]
¢-CHDCHD 66491.771  ( 0.050) 30, 3) 2( 1,2 [ 81042]
79466.095 ( 0.050) 1( 1, 0 (0, 1 [ 81042]
84947.955 ( 0.050) 2L 2(0, 2 [ 81042]
93658.879  ( 0.050) (1,2 30 3 [ 81042]
94342.540 ( 0.050) 6( 1,5 52, 4) [ 81042]
106146.344  ( 0.050) 41, 3 4( 0, 4 [ 81042]
115339.012 ( 0.050) 8( 4, 5 9( 3, 6) [ 81042]
117477979 ( 0.050) 4( 0, 4) 3( 1 3 [ 81042]
119864.960 ( 0.050) (1, 1) 0o 0, 0) [ 81042]
122880.431  ( 0.050) 8( 4, 9 937 [ 81042]
123042.478 ( 0.050) 5(1 4 5( 0, 5) [ 81042]
144932.159  ( 0.050) 6( 1,5 6( 0, 6) [ 81042}
155362.920 ( 0.050) 16 6( 2, 5) [ 81042]
160262.662  ( 0.050) 21,2 1(0, 1) [ 81042]
172182.699 ( 0.050) (1, 6) 70, 7 [ 810421
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Table 7.1. Molecular constants for '2C and '3C isotopic forms of CH,CD,.

Parameter CH,CD, 13CH,CD, CH,'3CD,
B (MHz) 16503.81(81) 16088.428(30) 16251.914(30)
Dy (MHz) 0.0195(14)

Dyx (MHz ) 0.0493(66)

Dy (MHz) 0.1421

p 0.3339792(22)

v, (em™) 1004.13(21)

¥ (MHz ) -143.(9)

Dm (MHz) 2.55(9)

dy (MHz) 6.18(27)

I, (u 4?) 3.1549(12)2

o (D) 0.0108617(5) 0.01067(10) 0.01096(11)
- 6)) 0.01107(11)b

(oj-as) (107%*cm?) 0.672(27)

&l (uy) +0.16451(25)

gL (uy) +0.00325(16)

(xj=x1) (10723/T%)  -90.2(15)

Reference [84030] [77039] [77039]

3Calculated from p = I,/(I, + Ip) using I, = 9.4965(20) u AZ.
Reference [71047].

Table 7.2. Molecular constants for CH,CHD,.

Parameter Ground State Torsionally
Excited State
[79037] [(81043]
A (MHz) 60809.592(5) 60847.(106)
B (MHz) 17770.87(16) 17703.167(48)
C  (MHz) 17084.84(16) 17030.976(54)

Ay (MHz) 0.02333(45)
ajg (MHz) 0.0602(20)
ag (MHz)  0.177(15)
§7 (MHz) 0.00079(16)
s (MHz) 0.050(81)

D (MHz) -566.319+502
F  (GHz) 257.70(35)

Vy (em™!)  1007.4(9) 1003.0(6)

8Assumed value.
Centrifugal distortion, F and D values assumed to
be the same as the ground state.
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Table 7.3. Molecular constants of CH,CH,D, CD,CH,D and
gauche-CH,DCH,D. [81043]

Parameter CH,CH,D CD4CH,D g~CH,DCH,D

A (MHz) 69640.504(69)2  48650.630(58) 61360.344(23)

B (MHz) 18876.23(14) 15656.793(64) 17642.0291(75)
¢ (MHz) 18209.90(13) 15194.324(63) 17036.3299(75)
a3 (MHz)  0.02661(52) 0.01752(14) 0.024596(66)
Ajg (MHz)  0.0673(13) 0.04093(57) 0.04976(10)

a¢ (MHz)  0.243(16) 0.100(15) 0.1963(35)

85 (MHz)  0.00103(17) 0.000576(65) 0.00107276(91)
8¢ (MHz)  -0.057(65) -0.050(30) 0.18252(48)

D (MHz)  (811.64)P (611.36)b

F  (GHz) 282.795(49) 203.49(65)

V, (em™%) 1010.90(12) 651.7(38)

8Values in parentheses denote 2.5 standard errors and apply
to the last digits of constants.

Fixed. These values were obtained in the same way as

in the case of CH,CHD, (see Ref.(1)).
CFixed.
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TABLE 7.4. Microwave spectrum of ethane C,H,
Isotopic Frequency Unc. JK_ Ky - JK_,Ky1)) w» Sym. Vib. Ref.
species (MH2z) (MHz) state
CHi:CD; 65896.92 (005) 21,0 - (1,0 [ 71047]
65675.54 (005) 21,0 - 1(1,0 1vg [ 71047]
98843.31 (015} 302,00 - 22 0) { 77039]
98844.21 (0.10) 31,0 - 2(1,0 [ 77039]
BCH,CD; 64352.89 (005) 21,0 - 1(1,0 [ 77039]
CH,"CD, 65006.83 (005) 21,0 - (L0 [ 77039]
CH;CHD, 34848.309 ( 0.050) 1(0,1) - 0(0, 0 0 4 [ 79037]
34848309 ( 0.050) 10, 1) - 00 0 o E [ 79037]
69009.321  ( 0.050) 21,2 - 1LY 0 4 [ 79037]
69009.569  ( 0.050) 2(1,2 - 1L, 0 E [ 79037]
69687.933  ( 0.050) 2(0,2) - 1(0, 1) 0 A [ 79037]
69687.933  ( 0.050) 200,2) - 1(0, 1) 0 E [ 79037]
70382.122  ( 0.050) 2(L1) - 11,0 0 E { 79037}
70382.374 ( 0.050) 2L 1) - 11,0 0 4 [ 79037]
78580.504 ( 0.050) 1(1,00 - 00,0 0 E [ 79037]
78591.698  ( 0.050) 1(1,0). - 000 0 4 [ 79037]
103185.586  ( 0.050) 3(L3) - 21,2 1 A4 [ 81043]
103304.920 ( 0.050) 3(L,3 - 21,2 1 E [ 81043]
103507.612  ( 0.050) 3(L,3) - 2142 0 4 [ 79037]
103507.612  ( 0.050) 3(L3) - 21,2 0 E [ 79037]
104148.140 ( 0.050) 3(0,3 - 20,2 1 4 [ 81043]
104148.483  ( 0.050) 3(0,3) - 20,2 1 E [ 81043]
104176.795 ( 0.050) 3(22 - 242D 1 4 [ 81043]
104191.702  ( 0.050) 3(2,2) - 2021 1 E [ 81043]
104191.702  ( 0.050) 302, 1) - 2020 1 E [ 81043]
104206.945 ( 0.050) (2, 1) - 220 1 4 [ 81043]
104510.156 ( 0.050) 3(0,3 -~ 2002 0 A4 [ 79037]
104510.156  ( 0.050) 3(0,3) -~ 20,2 0 E [ 79037]
104541.261 ( 0.050) 3(02,2) - 22,0 0 A [ 79037]
104550.026  ( 0.050) 3(02,2) - 22,0 0 E [ 79037]
104565.086  ( 0.050) 302, 1) - 2020 0 E [ 79037]
104573.816 ( 0.050) 3(2,D) - 22,0 0 A4 [ 79037]
105041.573  ( 0.050) 3(L,2 - LD 1 E [ 81043]
105160.894 ( 0.050) 3(L,2) -~ 2L 1 4 [ 81043}
105566.990  ( 0.050) 3(1L,2) ~ 2L 1 0 4 [ 79037]
105566.990 ( 0.050) 3(L2) ~ 2L 0 E [ 79037]
114114303  ( 0.050) 2L, 1) - (0 1) 0 E [ 79037]
114125.760  ( 0.050) 2L 1) ~ 106 1) 0 4 [ 79037]
114993.749  ( 0.050) 92,8 - 91,8 0 E [ 79037]
115021.635 ( 0.050) 9(2 8 ~ 91,18 0 4 [ 79037]
117981.178  ( 0.050) 82,7 ~ 81,7 0 E [ 79037]
118009.195 ( 0.050) 82,7 ~ 81,7 0 4 [ 79037]
120657.325  ( 0.050) 72,60 -~ 71,6 0 E [ 79037]
120685.559  ( 0.050) 7(2,6) -~ L6 0 4 [ 790371
123013.867 ( 0.050) 6(2,5 ~ 61,5 0 E [ 79037]
123042.531 ( 0.050) 6(2,5 - 61,5 0 A [ 79037]
125043.888  ( 0.050) 502, 4 ~ 51,4 0 E [ 79037]
125073.422  ( 0.050) (2,4 -~ 51,4 0 4 [ 790371
126741.329 ( 0.050) 4023 ~ 41,3 0 E [ 79037]
126773.166  ( 0.050) 42,3 ~ 41,3 0 A [ 79037)
128099.573  ( 0.050) 3(2,2) -~ 31,2 0 E [ 79037]
128137.266  ( 0.050) 3(2,2) - 31,2 0 A4 [ 79037]
129116.578 ( 0.050) 202, 1) - 21,1 0 E [ 79037]
129163.067 ( 0.050) 202, 1) ~ 2L 1) 0 A [ 79037]
137569.628  ( 0.050) 41,4 - 31,3 1 A4 [ 81043]
137625.242  ( 0.050) 41,4 - 31,3 1 E [ 81043]
137998.215 ( 0.050) 41,4 - 3(1,3) 0 A4 [ 79037]
137998.215 ( 0.050) 41,4 - 3(L3 0 E [ 79037}
138826.507 ( 0.050) 40,4 - 30 3 1 4 [ 81043]
138827.257 ( 0.050) 4(0,4) -~ 300,73 1 E [ 81043]
138893.987 ( 0.050) 4(2,3) - 3(2 2 1 4 [ 81043]
138912.243  ( 0.050) 43,2 - 331 1 4 [ 81043]
138912.243  ( 0.050) 43,2) - 331 1 E [ 81043]
138912.243  ( 0.050) 443, 1D - 330 1 A4 [ 81043]
138912.243  ( 0.050) 403 1) - 330 1 E [ 81043]
138930.138  ( 0.050) 4(2,3) - 3022 1 E [ 81043]
138932.294 ( 0.050) 4(2,2) - 321D 1 E [ 81043]
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TABLE 7.4. Microwave spectrum of ethane — Continued C,Hs
Isotopic Frequency Unc. JEK_,Ki) - J"(K-1,Ki) v Sym. Vib. Ref.
species (MHz) (MHz) state
138969.324  ( 0.050) 42,2 - 32 1 4 [ 81043]
139306.370  ( 0.050) 40,49 - 303 0 4 [ 79037]
139306.370  ( 0.050) 40,49 - 300 3 0 E [ 79037]
139379.421  ( 0.050) 42,3 - 322 0 4 [ 79037)
139385.291  ( 0.050) 42,3 - 322 0 E [ 79037]
139399.614  ( 0.050) 43,2 - 331 0 4 [ 79037}
139399.614  ( 0.050) 4032 - 331 0 E [ 79037]
139399.614  ( 0.050) 431D - 3030 0 4 [ 79037]
139399.614  ( 0.050) 431 - 330 0 E [ 79037]
139454.888 ( 0.050) 42,2 - 320 0 E [ 79037]
139460.799  ( 0.050) 42,2 - 3020 0 4 [ 79037]
140147.508  ( 0.050) 41,3 - 312 1 E [ 81043]
140202.936  ( 0.050) 41,3 - 31,2 1 4 [ 81043]
140743.724  ( 0.050) 41,3 - 312 0 4 [ 79037]
140743.724  ( 0.050) 41,3 - 31,2 0 E [ 79037}
CH,CH;D 110245.320  ( 0.050) 3(-:,3) - 21,2 0 A4 [ 81034]
110245.687  ( 0.050) 3(L3) - 21,2 0 E [ 81034]
111192.429  ( 0.050) 3(0,3) - 20,2 0 4 [ 81034]
111192.429 ( 0.050) 3(0,3 - 20,2 0 E [ 81034]
111215.219  ( 0.050) 3(2,2) - 22,1 0 A4 [ 81034]
111224.831 ( 0.050) 32,2 - 202 0 E [ 81034]
111230.044 ( 0.050) 3(2, 1) - 2020 0 E [ 81034]
111239.644  ( 0.050) 3(2,1) - 220 0 4 [ 81034}
112179.552  ( 0.050) (L2 - 2L1) 0 E [ 81034]
112179.908  ( 0.050) 3(L,2) - 2L 0 4 [ 81034]
124284.289  ( 0.050) 2(1,2 - 1O 0 E [ 81034]
124313.493  ( 0.050) 21,2 - 1(0, 1) 0 4 [ 81034]
141009.977 ( 0.050) 927 - 9%1,8) 0 E [ 81034}
141071.575  ( 0.050) 92,7 - 91,78 0 4 [ 81034}
143117.197  ( 0.050) 8(2,6) - 81,7 0 E [ 81034]
143178.750  ( 0.050) 8(2,6) - 81,7 0 4 [ 81034]
145139.081 ( 0.050) 72,5 - 171, 6) 0 E [ 81034]
145200.095 ( 0.050) 702,5 - 71,6 0 4 [ 81034]
146983.910 ( 0.050) 41,4 - 3(L3I 0 4 [ 81034]
146983.910 ( 0.050) 41,4 - 31,3 0 E [ 81034]
147024.696  ( 0.050) 6(2,4 - 61,5 0 E [ 81034)
147084.193  ( 0.050) 6(2,4 - 61,5 0 4 [ 81034]
148225.152  ( 0.050) 40,4 - 303 0 4 [ 81034]
148225.152  ( 0.050) 40,49 - 303 0 E [ 81034]
148279.195 ( 0.050) 42,3 - 322 0 A4 [ 81034]
148292.174  ( 0.050) 42,3 - 322 0 E [ 81034]
148293.513  ( 0.050) 432 - 331 0 4 [ 81034]
148293.513  ( 0.050) 4032 - 331 0 E [ 81034)
148293.513  ( 0.050) 43,1 - 3030 0 4 [ 81034]
148293.513  ( 0.050) 43, 1) - 3030 0 E [ 81034]
148327.289 ( 0.050) 4022 - 3(21 0 E [ 81034]
148340.247  ( 0.050) 42,2 - 321 0 4 [ 81034]
148729.415  ( 0.050) 5(2,3 - 51,4 0 E [ 81034]
148785.331  ( 0.050) 5(2,3 - 51,4 0 4 [ 81034]
149562.794 ( 0.050) 41L3) - 31,2 0 4 [ 81034]
149562.794  ( 0.050) 41,3 - 31,2 0 E [ 81034]
150215950  ( 0.050) 42,2 - 41,3 0 E [ 81034}
150263.731  ( 0.050) 402,2) - 41,3 0 4 [ 81034}
151451.386  ( 0.050) 3(2,1) - 31,2 0 E [ 81034]
151486.463 ( 0.050) 3(2,1) - 31,2 0 4 [ 81034]
152400.941 ( 0.050) 2(2,0 - 21,1 0 E [ 81034]
152426.685 ( 0.050) 2(2,0 - 2., 1 0 4 [ 81034]
154253.648 ( 0.050) 202, 1) - 21,2 0 E [ 81034]
154355.339  ( 0.050) 202, 1) - 21,2 0 4 [ 81034]
155232.777  ( 0.050) 3(2,2) - 3(L.L,3 0 E [ 81034]
155325.217  ( 0.050) 3(2,2 - 313 0 4 [ 81034]
156540.910 ( 0.050) 42,3 - 4L 9 0 E [ 81034]
156620.526  ( 0.050) w23 - 414 0 4 [ 81034]
158171.608 ( 0.050) 5(2,4 - 515 0 E [ 81034}
158243.142  ( 0.050) 5(2,4 - 51,595 0 A4 [ 81034]
160127.085 ( 0.050) 6(2 5 - 61,6) 0 E [ 81034]
160194.865 ( 0.050) 6(2,5 - 6(1,6) 0 4 [ 81034]
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TABLE 7.4. Microwave spectrum of ethane — Continued C,H¢
Isotopic Frequency Unc. J'K-,Ki) - J"(K-,Ki) n Sym. Vib. Ref.
species (MHz) (MHz) state
160390.374  ( 0.050) 3(1,3 - 2002 0 E [ 81034)
160419.313  ( 0.050) 3(1L,3) - 20,2 0 A [ 81034)
CD;CH;D 91852.580 ( 0.050) 3(1L,3) - 21,2 0 4 [ 81034)
91852.580 ( 0.050) 3(1L3) - 21,2 0 E [ 81034]
92500.262 ( 0.050) 3(0,3) - 20,2 0 4 [ 81034]
92500.262 ( 0.050) 3(0,3) - 20,2 0 E [ 81034]
92516.865 ( 0.050) 32,2 - 221) 0 4 [ 81034]
92517.476 ( 0.050) 3(2,2) - 221 0 E [ 81034]
92533.862 ( 0.050) 3(2, 1) - 220 0 E [ 81034]
92534.498  ( 0.050) (2,1 - 2020 0 4 [ 81034]
93177.102  ( 0.050) 3(1L,2 - 2L 0 A4 [ 81034]
93177.102  ( 0.050) 3(L,2) - 21,1 0 E [ 81034]
101934.857 ( 0.050) 42,3 - 41,49 0 E [ 81034]
101941.912  ( 0.050) 42,3 - 41,4 0 4 [ 81034)
103046.424  ( 0.050) 5(2,49 - 51,5 0 E [ 81034]
103053.458 ( 0.050) 5(2,4 - 51,5) 0 4 [ 81034]
104383.724  ( 0.050) 62,5 - 61,6 0 E [ 81034]
104390.734  ( 0.050) 6(2,5 - 61,6 0 4 [ 81034)
105948.419  ( 0.050) 72,6 - (.L,T7 0 E [ 81034)
105955.410  ( 0.050) 2,6 - (L, T 0 4 [ 81034}
107742.159  ( 0.050) 8(2,7 - 81,78 0 E [ 81034]
107749.188  ( 0.050) 82,7 - 81,8 0 4 [ 81034]
109766.725  ( 0.050) 9(2,8 - 91,9 0 E [ 81034)
109773.713  ( 0.050) 9(2,8 - 91,9 0 4 [ 81034]
122463.143  ( 0.050) 41,4 - 3(L3I 0 4 [ 81034)
122463.143  ( 0.050) 41,4 - 313 0 E [ 81034]
123311.192  ( 0.050) 40,4 - 300 3 0 4 [ 81034]
123311.192  ( 0.050) 40,4 - 3003 0 E [ 81034]
123350.492 ( 0.050) 42,3 - 30272 0 4 [ 81034]
123350.492 ( 0.050) 42,3 - 3022 0 E [ 81034]
123361.047 ( 0.050) 43,2 - 331D 0 4 [ 81034)
123361.047 ( 0.050) 43,2 - 3301 0 E [ 81034}
123361.047 ( 0.050) 43,1 - 3030 0 4 [ 81034]
123361.047 ( 0.050) 43, 1) - 330 0 E [ 81034]
123394.328 ( 0.050) 42,2 - 3021 0 4 [ 81034])
123394.328  ( 0.050) 4(2,2) - 321 0 E [ 81034]
124228913  ( 0.050) 41,3 - 31,2 0 A4 [ 81034)
124228.913  ( 0.050) 41,3 - 3(L,2 0 E [ 81034]
124434724  ( 0.050) (L3 - 202 0 E [ 81034]
124439.121  ( 0.050) 3(1L,3) - 20,2 0 4 [ 81034]
153067.769  ( 0.050) 5(1,5 - 41,4 0 4 [ 81034]
153067.769  ( 0.050) 51,5 - 41,4 0 E [ 81034]
154102.907 ( 0.050) 5(0,5 - 404 0 4 [ 81034]
154102.907 ( 0.050) 5(0,5 - 40 4 0 E [ 81034)
154179.349  ( 0.050) 5(2,4 - 423 0 4 [ 81034}
154179.349  ( 0.050) 5(2,4 - 42 3) 0 E [ 81034]
154194.108 ( 0.050) 5(4,2 - 441 0 A4 [ 81034]
154194.108 ( 0.050) 5(4,2) - 441 0 E [ 81034)
154194.108 ( 0.050) 5(4,1) - 440 0 4 [ 81034]
154194.108  ( 0.050) 5(4,1) - 44,0 0 E [ 81034]
154202.228 ( 0.050) 5(3,3) - 43,2 0 E [ 81034]
154202.228 ( 0.050) 5(3,2) - 430 0 E [ 81034)
154267.193  ( 0.050) 5(2,3 - 422 0 4 [ 81034]
154267.193  ( 0.050) 52,3 - 422 0 E [ 81034)
154397.649 ( 0.050) 41,4 - 303 0 E { 81034]
154402.041 ( 0.050) 41L,4 - 303 0 4 [ 81034]
155274.453  ( 0.050) 5(1,4) - 41,3 0 4 [ 81034)
155274.453  ( 0.050) S(L4 - 41,3 0 E [ 81034)
g-CHDCH;D 77445.640 ( 0.050) 13( ,12) - 13( 0,13) 0 - [ 81034]
77446.349  ( 0.050) 13( 1,12) - 13( 0,13) 0 + [ 81034]
78396.638 ( 0.050) 1(L, 1) - 000 0 [ 81034]
83467.019 ( 0.050) 14( 1,13) - 14( 0,14) 0 - [ 81034]
83467.878 ( 0.050) 14( 1,13) - 14( 0,14) 0 + [ 81034)
90105.326 ( 0.050) 15( 1,14) - 15( 0,15) 0 - [ 81034]
90106.333  ( 0.050) 15( 1,14) -~ 15( 0,1%5) 0 + [ 81034]
97365.259  ( 0.050) 16( 1,15) - 16( 0,16) 0 - [ 81034]
97366.416 ( 0.050) 16( 1,15 - 16( 0,16) 0 <+ [ 81034)
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TaBLE 7.4. Microwave spectrum of ethane — Continued CH¢
Isotopic Frequency Unc. JK_,Ky1) - J"(K-1,K41) v Sym., Vib. Ref.
species (MHz) (MHz) state
105241.651 ( 0.050) 17( 1,16) - 17( 0,17) 0o - [ 81034]
105242.991  ( 0.050) 17( 1,16) - 17( 0,17) 0 + [ 81034]
111276.929  ( 0.050) 15( 2,13) -~ 15( 1,14) 0 [ 81034]
111350.322  ( 0.050) 19 2,17 - 19( 0,18) 0 [ 81034]
112290.034 ( 0.050) 14( 2,12) - 14( 1,13) 0 [ 81034}
112469.187 ( 0.050) 2(1,2) - 1(0, 1) 0 [ 81034}
113607.607  ( 0.050) 13( 2,11) - 13( 1,12) 0 [ 81034]
113719.162  ( 0.050) 18( 1,17) - 18( 0,18) 0 - [ 81034]
113720.660  ( 0.050) 18( 1,17) - 18( 0,18) 0 + [ 81034]
115169.134  ( 0.050) 12( 2,10) - 12( 1,11) 0 [ 81034]
116912.078  ( 0.050) 1102, 9 - 11(1, 0 0 [ 81034]
118773.025  ( 0.050) 1002, 8 - 10(1,9) 0 [ 81034]
118993.973  ( 0.050) 7(1,6) - 6(25) 0 [ 81034]
120689.399  ( 0.050) 92,7 - 9,8 0 [ 81034]
122600.827 ( 0.050) 8(2,6) - 81,7 0 [ 81034]
122772.194  ( 0.050) 19( 1,18) - 19( 0,18) 0 - [ 81034]
122773.891  ( 0.050) 19 1,18y ~ 19( 0,18) 0 + [ 81034]
124450.640  ( 0.050) 72,5 - 71, 6) 0 [ 81034]
125856.511  ( 0.050) 10(2,9 - 936 0 [ 81034]
126186.723  ( 0.050) 6(2, 4 - 6(1,5) 0 [ 81034]
127762.620  ( 0.050) 5(2,3 - 51,49 0 [ 81034]
128920.627 ( 0.050) 1002, 8 - 937 0 [ 81034]
129138.004 ( 0.050) 402,2) - 41,3 0 [ 81034]
130278.990 ( 0.050) 3(2,1) - 31,2 0 [ 81034]
131158.466  ( 0.050) 202,00 - 2(1,1) 0 [ 81034]
132182.656 ( 0.050) 50,5 - 41,4 0 [ 81034}
132967.054  ( 0.050) 202, 1) - 21,2 0 [ 81034}
133464.872  ( 0.050) 8( 1,8 - 725 0 [ 81034]
133877.339  ( 0.050) 3(2,2) - 3(1,3) 0 [ 81034]
135093.274  ( 0.050) . 42,3 - 41,49 0 [ 81034]
136616.765  ( 0.050) 5(2,4 - 51,5 0 [ 81034]
138449.877 ( 0.050) 6(2,5 - 61,6 0 [ 81034]
140594.707  ( 0.050) (2,6 - (L7 0 [ 81034]
143053.896  ( 0.050) 82,7 - 818 0 [ 81034]
145829.764  ( 0.050) 92,8 - 9109 0 [ 81034]
145830.070 ( 0.050) 9(2,8 - 91,9 0 [ 81034]
146240.402  ( 0.050) 3(1,3) - 20,2 0 [ 81034]
148924.720  ( 0.050) 10( 2, 9) - 10( 1,10) 0 - [ 81034]
148925.091 ( 0.050) 10( 2, 9) - 10( 1,10) 0 + [ 81034]
152340.534  ( 0.050) 11( 2,10) - 11 L,11) o - [ 81034]
152340.972  ( 0.050) 11( 2,10) - 11 L11) 0 + [ 81034]
155994.334  ( 0.050) 8 1,7 - 72 6) 0 [ 81034]
156078.768  ( 0.050) 12( 2,11y - 12( ,12) 0 - [ 81034]
156079.256  ( 0.050) 120 2,10 - 12( 1,12) 0+ [ 81034]
160140.430  ( 0.050) 13( 2,12) - 13( 1,13) 0 - { 81034]
160141.073  ( 0.050) 13( 2,12) - 13( L,13) 0 + [ 81034]
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Table 8.1. Molecular constants of CCCH
in the X% state. [86010]

Parameter CCCH

Aggs (MHz) 430828.(41)
B (MHz) 11186.335(2)
D x 10° (MHz) 5.55(2)
Yoff (MHz ) 36.9(11)
P (MHZ) -7.20(7)
q (MHz) -16.62(3)
Pp x 10° (MHz) 47.4(24)
qp x 10° (MHz) 1.6(6)
Py x 108 (MHz) 45.(6)
q x 10° (MHz) 3.1(21)
a (MHz) 12.3(2)
b+5  (MH) -13.8(6)
c (MHz) 28.3(14)
d (MHz) 16.2(1)

Table 8.2. Molecular Constants of the c-C4H Radical. [87005]
Parameter c-C3H Parameter c-C3H

A (MHz) 44536.840(50)2 €aa (MHZ) 113.213(41)®
B (MHz) 34016.349(28) Ebb (MHz) 59.226(33)
¢ (MHz) 19188.8540(109) €ce (MHZ) -205.808(35)
Ay (MHz) 0.05556(34) ap (MHz) -27.270(72)
Ay (MHz) 0.58832(86) T,, (MHz) 16.96(22)
ag  (MHz) -0.4153(44) Tpp (MHz) -1.12(31)
&y (MHz) 0.020994(174)

s (MHz) 0.35928(121)

2 The numbers in parentheses represent three standard
deviations in units of the last significant digits.
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TABLE 8.3. Microwave spectrum of ¢-C;H radical C:H
Isotopic Frequency  Unc. Jo-J P F - F" Vib. Ref.
species (MHz) (MHz) state

¢-CH 32627.300 (0.05) 32 - 172 a 2 - 1 v=0 [ 86010]
32634390 (0.05) 32 - 172 a 1 - 0 y= [ 86010]
32660.655 (0.05) 32 - 12 b 2 - 1 v=20 [ 86010]
32663.375 (0.05) 32 - 12 b 1 - 0 v= [ 86010]
97995.166  (0.05) 92 - 7/2 b 5 - 4 v=10 [ 85006]
97995.913  (0.05) 9/2 - 1/2 b 4 - 3 v= [ 85006]
98011.611 (0.05) 9/2 - 1772 a 5 - 4 v=10 [ 85006]
98012.524 (0.05) 9/2 - 17/2 a 4 -~ 3 v=20 [ 85006]
119804.682 (0.05) 1172 - 972 b 6 - 5 v=20 [ 85006]
119805.322 (0.05) 1172 - 972 b 5 - 4 v=20 [ 85006]
119847.476 (0.05) 1172 - 92 a 6 ~ 5 v= [ 85006]
119858.259  (0.05) 1172 - 9/2 a 5 - 4 y= [ 85006]
141635793 (0.05) 1372 - 1172 a 7 - 6 y= [ 85006]
141636.431 (0.05) 1372 - 1172 a 6 - 5 y= [ 85006]
141708.728 (0.05) 1372 - 112 a 7 - 6 v=10 [ 85006]
141709.494 (0.05) 1372 - 112 a 6 - 5 v=0 [ 85006]
163491.035 (0.05) 15/2 - 1372 a 8 - 7 v= [ 85006]
163491.557 (0.05) 15/2 - 1372 a 7 - 6 v=20 [ 85006]
163597.232 (0.05) 15/2 - 1372 b 8 - 7 v=0 [ 85006]
163597.900 (0.05) 15/2 - 13/2 b 7 - 6 v=0 [ 85006]
185371.952 (0.05) 1772 - 152 a 9 - 8 v=20 [ 85006]
185372.417 (0.05) 1772 - 1572 a 8 - 7 y=20 [ 85006]
185513.968 (0.05) 1772 - 1572 b 9 - 8 v=0 [ 85006]
185514.589  (0.05) 1772 - 1572 b 8 - 7 y=20 [ 85006]
¢-CH My, 80388.107 (0.05) 7/2 - 5/2 a 4 - 3 y= [ 85006]
80389.442 (0.05) 72 - 5/2 a 3 - 2 v= [ 85006]
80420.646 (0.05) 72 - 572 b 4 - 3 v= [ 85006]
80422.052 (0.05) 772 - 572 b 3 - 2 v= [ 85006]
80422.052 (0.05) /2 - 572 b 3 - 2 v=0 [ 85006]
103319.276 (0.05) 9/2 - 172 a 5 - 4 v=10 [ 85006]
103319.786  (0.05) 9/2 - 172 a 4 - 3 v=20 [ 85006]
103372.483 (0.05) 9/2 - 172 b 5 - 4 v=10 [ 85006]
103373.094 (0.05) 9/2 - 172 b 4 - 3 v=20 [ 85006]
149106.972 (0.05) 1372 - 112 a 6 - 5 y=20 [ 85006]
149106.972 (0.05) 132 - 112 a 7 - 6 v= [ 85006]
149212.667 (0.05) 1372 - 112 b 6 - 5 v=20 [ 85006]
149212.667 (0.05) 1372 - 112 b 7 - 6 v=20 [ 85006]
171958.650 (0.05) 15/2 - 1372 a 7 - 6 v=20 [ 85006]
171958.650  (0.05) 1572 - 1372 a 8 - 7 v=20 [ 85006]
172094.778  (0.05) 15/2 - 1372 b 8 - 7 v= [ 85006]
172094.778  (0.05) 1572 - 132 b 7 - 6 v=20 [ 85006]
194780.373  (0.05) 1772 -~ 15/2 a 8 - 7 v=20 [ 85006]
194780.373  (0.05) 1772 - 152 a 9 - 8 v=20 [ 85006]
194948.795 (0.05) 1772 -~ 1572 b 8 - 7 v=0 [ 850061
194948.795 (0.05) 17/2 - 1572 b 9 - 8 v=0 [ 85006]
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TABLE 8.4. Microwave spectrum of cyclic—C;H radical C:H
Isotopic Frequency  Unc. J'(K_1,K,1) J"K_,Ky1)) F' F F" F| Ref.
species (MHz) (MHz)
CCHC 91494.349  ( 0.030) 2(1,2) 1(1, 1) 572 3 32 2 [ 87005}
L__] 91497.608  ( 0.030) 2(1,2) 1(1, D 5/2 2 372 2 [ 87005]
91692.752  ( 0.030) 21,2 (1, D 32 1 172 0 [ 87005]
91699.471  (0.030) 2(1,2) 1(, 1) 32 2 12 1 [ 87005]
H 121211.689  ( 0.030) 2(1, 1 1(1,0 5/2 3 32 2 [ 87005]
( 121213.226  ( 0.030) 2L 11, 0) 5/2 2 3/2 1 [ 87005)
C 216488.036  ( 0.030) 41, 3) 3(1,2) 9/2 5 7/2 4 [ 87005]
/ \ 216492.396  ( 0.030) 41,3) 3(1,2 9/2 4 7/2 3 [ 87005}
Cc-C 216638.026  ( 0.030) 4(1,3) 3(1L2) 772 4 5/2 3 [ 87005]
216640.873  ( 0.030) 41, 3) 3(1,2) 72 3 5/2 2 [ 87005]
223301.273  (0.030) 4(3,2) 3(3, 1) 9/2 5 772 4 [ 87005]
223304.238  ( 0.030) 4(3,2) 3(3, 1 9/2 4 7/2 3 [ 87005]
223439.668  ( 0.030) 4(3,2) 3(3, 1) 7/2 3 572 2 [ 87005]
223444.640  ( 0.030) 4(3,2) 3(3, 1) 772 4 5/2 3 [ 87005]
238636.443  ( 0.030) 43, 1) 3(3,0 9/2 5 7/2 4 [ 87005]
238638.558  ( 0.030) 43, 1) 3(3,0) 9/2 4 7/2 3 [ 87005]
238686.633  (0.030) 431 33,0 7/2 3 5/2 2 [ 87005]
238692.077  ( 0.030) 403, 1) 3(3,0 772 4 5/2 3 [ 87005]
249544.254  ( 0.030) 6( 1, 6) 5(1,5) 1372 7 1172 6 [ 87005]
249544.254  ( 0.030) 6( 1, 6) 5(1,5) 1372 6 1172 5 [ 87005]
249746.796  ( 0.030) 6( 1, 6) 5(1,5) 1172 6 9/2 5 [ 87005]
249746.796  ( 0.030) 6( 1, 6) 5(1,5) 1172 5 9/2 4 [ 87005]
287920.669  ( 0.030) (1,7 6(1,6) 15/2 8 1372 7 [ 87005]
287920.669  ( 0.030) (L7 6( 1, 6) 1572 7 1372 6 [ 87005}
288124.063  ( 0.030) (1L, 7 6(1,6) 1372 7 1172 6 [ 87005]
288124.063  ( 0.030) (L7 6(1,6) 1372 6 1172 5 [ 87005]
326286.929  ( 0.030) 8(1,8) (1,7 1772 9 15/2 8 [ 87005]
326286.929  ( 0.030) 8(1, 8 WL, 7 17/2 8 15/2 7 [ 87005]
326490.831  ( 0.030) 8(1, 8) 71,7 15/2 8 1372 7 [ 87005]
326490.831  ( 0.030) 8(1,8) (LD 1572 7 13/2 6 [ 87005]
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Table 9.1. Molecular constants for cyclopropenylidene (HCCCH).

Parameter Value [present] Parameter Value [86008]

A" (MHz) 35092.5923(56)2 A (MHZ) 35092.6121(18)P

B" (MHz) 32212.9250(56) B (MHz) 32212.7811(18)

c" (MHz ) 16749.3081(56) C (MHz) 16749.1067(18)

Ty (MHz) -0.6762(14) D7 (MHz) 0.020307(37)

T, (MHz) -0.16277(46) DJK(MHZ) 0.1720642(25)

1y (MHz) 17.314(14) Dg (MHz) -0.0448652(41)

Taaaa(MHZ)  -0.59028(46) 4, (MHz)  -0.0163698(14)

Tpbbs(MHZ) -0.29821(46) d, (MHz) -0.01070597(70)

Teocc(MHZ)  -0.03548(48) Hy (Hz) o¢

Hy  (Hz) 0¢ Hjg(Hz) 3.2560(22)

Hyg (Hz) 4.388(17) Hy j(Hz) -9.359(16)

Hyy (Hz)  -11.747(110) Hy (Hz) 7.288(28)

Hy (Hz) 8.716(101) h, (Hz) o¢

hy (Hz) 0.609(26) h, (Hz) 0.16144(68)

hyg (Hz) o¢ h,; (Hz) o

hg  (Hz) 0.461(57) Lyg(Hz) -0.000126(19)
Ly (Hz) 0.000292(38)

od 1.4 0® (kHz)  19.2

Electric Dipole Moment

M (D) 3.32(5) [87011]

3.43(2) [87022]

3Two standard deviations.
One standard deviation.

“These constants were poorly determined and set to zero.

dyeighted fit.
30 kHz.
SUnweighted fit.

This gives a standard deviation of about
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Molecular constants for cyclopropenylidene and its

monosubstituted derivatives. [87004)

Parameter

C,H,

13C on-axis

13C off-axis

C,HD

A (MHz)
B (MHz)

¢ (MHz)

a5 (kHz)
Agx(kHz)
g (kHz)
&85 (kHz)

8x (kHz)

Hy (Hz)
Hyg(Hz)
Hy 7(Hz)
Hy (Hz)
hy (Hz)
hyg (Hz)
hg (Hz)

o (kHz)d

35092.5083(32)2
32212.9468(32)

16749.0286(32)

41.689(65)
44.017(55)
61.871(38)
16.4338(86)
58.610(20)
ob
6.37(84)
-14.7(12)
10.08(56)
0.477(75)
-0.88(37)

1.22(31)

34.1

eQq,, (kHz)®

eQq.. (kHz)®

33310.5202(50)
32212.5804(43)

16331.2875(27)

41.482(45)
36.618(89)
53.679(99)
16.5134(81)
53.155(20)
ob
5.53(26)
-14.32(49)
9.94(30)
0.477¢

-0.88°¢

1.22¢

37.6

34857.1875(25)
31288.4887(24)

16443,0399(22)

40.338(35)
38.941(26)
65.734(21)
15.9455(40)
56.422(10)
gb
5.268(18)
-11.019(28)
7.319(44)
0.477¢

-0.88¢

1.22¢

26.7

34517.5188(16)
26965.8135(15)

15098.4567(12)

30.892(13)
51.623(20)
61.068(24)
12.0039(38)
60.265(11)
ob
2.405(44)
~4.39(16)
2.66(20)
0.2225(73)
-0.88¢

3.706(88)

28.3

180.9(13)

-87.5(18)

8The numbers in parentheses denote one standard deviaton in the last
quoted digits.
This constant was set equal to zero.
©These constants were constrained to the values obtained for the parent

species.

Standard deviation of the fit.
€Reference [87016].
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TABLE 9.3. Microwave spectrum of cyclopropenylidene C;H,
Isotopic Frequency Unc. J(K_1,K ) J"K_.K,) FF - F* Ref,
species (MHz) (MHz)
CHCCH 18343.145  ( 0.002) 1( 1, 0) 1(0, 1) [ 85018]
L | 46755.620  ( 0.020) 21, 1) 2( 0, 2) [ 84034}
85338.89  ( 0.02) 2(1,2) (0, 1) [ 85019}
118382.174  ( 0.020) 8( 6, 3) 3( 5, 4) [ 86008]
119077.949  ( 0.020) 17(14, 3) 17(13, 4) [ 86008]
HC 119959.163  ( 0.020) 9 7, 3) 9( 6, 4) [ 86008]
I \C 121791.957  ( 0.020) 21(16, 5) 21(15, 6) [ 86008]
122023.482  ( 0.020) 22 1) 1¢ 1, 0) [ 86008]
HC / 122642.058  ( 0.020) 12711, 1) 12710, 2) [ 86008]
122668.503  ( 0.020) 10( 8, 3) 10 7, 4) { 86008]
123879.216  ( 0.020) 20(15, 5) 20(14, 6) [ 86008]
124528.888  ( 0.020) 22(17, 5) 22(16, 6) [ 86008]
125076.446  ( 0.020) 20(16, 4) 20(15, 5) [ 86008]
129904.589  ( 0.020) 19(14, 5) 19(13, 6) [ 86008]
130924.250 ( 0.020) 10(10, 1) 10( 9, 2) [ 86008]
131444.599 ( 0.020) 15(13, 2) 15(12, 3) [ 86008)
132381.515 (. 0.020) 12(10, 3) 12( 9, 4) [ 86008}
132481.568  ( 0.020) 23(18, 5) 23(17, 6) [ 86008]
133675.079  ( 0.020) 12( 8, 4) 12( 7, 5) [ 86008}
137243.878  ( 0.020) 18(15, 3) 18(14, 4) [ 86008]
138548.221  ( 0.020) 18(13, 5) 18(12, 6) [ 86008]
138566.055  ( 0.020) 12(11, 2) 12(10, 3) [ 86008]
150820.660  ( 0.030) 400, 4) 3(1,3) [ 85019]
150851.910  ( 0.020) 4 1, 4) 3( 0, 3) [ 85019]
162562.513  ( 0.020) 16(13, 4) 16(12, 5) [ 86008]
162874.252  ( 0.020) 25(20, 5) 25(19, 6) [ 86008]
164391.465 ( 0.020) 14(13, 2) 1412, 3) [ 86008]
165176.294  ( 0.020) 28(22, 6) 2821, 7) [ 86008]
165492.391  ( 0.020) 15(10, 5) 15( 9, 6) [ 86008}
165884.284  ( 0.080) 5( 5, 0) 5(23) [ 86008]
167134.630  ( 0.080) 27(20, 7) 27(19, 8) [ 86008]
169424.718  ( 0.020) 21(15, 6) 21(14, 7) [ 86008]
169483.646  ( 0.020) 1715, 2) 17(14, 3) [ 86008]
169546.654  ( 0.040) 3124, 7) 3123, 8) [ 86008]
169748.773  ( 0.040) 17(14, 4) 17(13, 5) [ 86008]
170229.482  ( 0.020) 16(14, 3) 16(13, 4) [ 86008]
171617.071  ( 0.030) 14( 9, 5) 14( 8, 6) [ 86008]
172314.030  ( 0.020) 13(13, 0) 13(12, 1) [ 86008]
173186.951 ( 0.020) 13(13, 1) 13(12, 2) [ 86008]
174100.976  ( 0.020) 15(14, 1) 15(13, 2) [ 86008]
174690.832  ( 0.050) 33(25, 8) 33(24, 9) [ 86008]
176039.531  ( 0.020) 13( 8, 5) 13( 7, 6) [ 86008]
177395.468 ( 0.120) 5(3, 3) 4( 4, 0) [ 86008]
177413.211  ( 0.100) 32(24, 8) 32(23, 9) [ 86008]
177436.348  ( 0.020) 20(17, 3) 20(16, 4) [ 86008]
177645.831  ( 0.030) 26(19, 7) 26(18, 8) [ 86008]
177754.508  ( 0.080) 6( 6, 0) 6( 3, 3) [ 86008]
177792.301  ( 0.050) 34(26, 8) 3425, 9) [ 86008]
178197.398  ( 0.020) 15(14, 2) 15(13, 3) [ 86008]
178426.066 ( 0.020) 15(11, 5) 15(10, 6) [ 86008]
178543.316  ( 0.020) 18(15, 4) 18(14, 5) [ 86008]
178569.558  ( 0.020) 16(12, 5) 16(11, 6) [ 86008]
178952.041  ( 0.020) 14(10, 5) 14( 9, 6) [ 86008])
179105.811  ( 0.020) 12( 7, 5) 12( 6, 6) [ 86008)
179682.002 ( 0.020) 17(13, 5) 17(12, 6) [ 86008}
179867.006 ( 0.020) 13( 9, 5) 13( 8, 6) [ 86008]
180279.516  ( 0.020) 20(14, 6) 2013, 7) [ 86008]
180938.024  ( 0.020) 12( 8, 5) 12( 7, 6) [ 86008]
181196.922  ( 0.020) 11( 6, 5) 11( 5, 6) [ 86008]
181786.979  ( 0.020) 23(19, 4) 23(18, 5) [ 86008]
181995.810  ( 0.020) 11( 7, 5) 11( 6, 6) [ 86008]
182045.875 ( 0.020) 18(14, 5) 18(13, 6) [ 86008)
182622.910 ( 0.020) 10( 5, 5) 10( 4, 6) [ 86008]
182770.880  ( 0.020) 17(15, 3) 17(14, 4) [ 86008]
182936.042 ( 0.020) 10( 6, 5) 10( 5, 6) [ 86008}
183338.773  ( 0.020) 26(21, 5) 26(20, 6) [ 86008)
183464.869  ( 0.030) 29(23, 6) 29(22, 7) [ 86008]
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TABLE 9.3. Microwave spectrum of cyclopropenylidene — Continued C:H,
Isotopic Frequency Unc. JK-,Ke) - J"(K_,K4) F - F” Ref.
species (MHz) (MHz)
183601.776  ( 0.020) 94,5 - 93 6 [ 86008}
183623.622  ( 0.020) 4(1,3) - 3022 [ 86008]
183709.794 ( 0.020) 95 5 - 94 6 [ 86008]
183993.055 ( 0.050) 3225, 7) - 32(24, 8) [ 86008]
184276.268  ( 0.020) 8(35 - 826 [ 86008]
184307.984 ( 0.020) 8(4,5 - 8(3 6 [ 86008]
184327.934 ( 0.020) 5(0,5 - 41,4 [ 86008]
184329.985 ( 0.020) 5(1,5 - 40,4 [ 86008]
184738.130  ( 0.020) (2,5 - 71,6 [ 86008]
184745.527  ( 0.020) 73,5 - 7026 [ 86008]
185047.698 ( 0.020) 6(1,5 - 6(0,6) [ 86008]
185049.024 ( 0.020) 6(2,5 - 61,6 [ 86008]
185126.066 ( 0.020) 3123, 8) - 31(22, 9) [ 86008}
185617.510  ( 0.020) 42,3 - 312 [ 86008]
185891.212  ( 0.020) 19(15, 5) - 19(14, 6) [ 86008]
186964.477  ( 0.050) 3527, 8) - 35(26, 9) [ 86008]
187118.237  ( 0.020) 14(14, 0) - 14(13, 1) [ 86008]
187499.640 ( 0.020) 18(16, 2) - 18(15, 3) [ 86008]
187589.020 ( 0.020) 14(14, 1) - 14Q13, 2) { 86008]
193488.758  ( 0.020) (3, D) - 22,0 [ 86008]
194645.051  ( 0.100) (7,0 - 74 3) [ 86008]
196083.755  ( 0.020) 18(16, 3) - 18(15, 4) [ 86008]
196472.035 ( 0.080) 30022, 8) - 3021, 9) [ 86008]
197215.611  ( 0.020) 21(18, 3) - 2117, 4) [ 86008]
197512295 ( 0.020) 18(12, 6) - 18(11, 7) [ 86008]
198525.779  ( 0.020) 2117, 5) - 21(16, 6) [ 86008]
200362.725 ( 0.020) 20(17, 4) - 2016, 5) [ 86008]
201783.140  ( 0.020) 15(15, 0) - 15(14, 1) [ 86008]
202032.489 ( 0.020) 15(15, 1) - 15(14, 2) [ 86008]
202093.595 ( 0.020) 24(17, Ty - 24(16, 8) [ 86008]
202894.654  ( 0.060) 35(26, 9) - 35(25,10) [ 86008]
203034.961 ( 0.080) 3326, 7) - 33(25, B) [ 86008]
203102.564 ( 0.030) 2420, 4) - 24Q19, 5) [ 86008]
203340.626  ( 0.020) 17(11, 6) - 1710, 7) [ 86008]
204611.028 ( 0.030) 19(17, 2) - 19(16, 3) [ 86008}
204788.926 ( 0.030) 42,2 - 330 [ 86008]
205313.470  ( 0.020) 17(16, 1) - 17(15, 2) [ 86008]
205387.990 ( 0.020) 2722, 5) - 27(21, 6) [ 86008]
206686.948  ( 0.020) 17(16, 2) - 17(15, 3) [ 86008]
206744.224 ( 0.020) 20(15, 6) - 2014, 7) [ 86008]
206879.581 ( 0.020) 19(14, 6) - 1913, 7) [ 86008}
207318.462  ( 0.020) 22(18, 5) - 22(17, 6) [ 86008]
207609.734  ( 0.020) 16(10, 6) - 16( 9, 7) [ 86008}
207644919 ( 0.020) 21(16, 6) - 21(15, 7) [ 86008)
207753.464 ( 0.020) 18(13, 6) - 18(12, 7) [ 86008]
238572.986  ( 0.060) 21(19, 3) - 21(18, 4) [ 86008]
238976.748  ( 0.020) 1912, 7) - 19(11, 8) [ 86008]
240245.969 ( 0.040) 2320, 4) - 23(19, 5) [ 86008]
241250.040 ( 0.030) 1913, 7) - 1912, 8) [ 86008]
242076.807 ( 0.030) 18(11, 7) - 18(10, 8) [ 86008}
243204.340  ( 0.020) 18(12, 7) - 18(11, 8) [ 86008]
244461.198  ( 0.020) 17(10, 7) - 17( 9, 8) [ 86008]
244988.078  ( 0.020) 17¢(11, 7y - 17710, 8) [ 86008]
245358.580 ( 0.030) 18(18, 1) - 18(17, 2) [ 86008]
245627.243  ( 0.050) 28(22, 7) - 28(21, 8) [ 86008]
246326.853  ( 0.050) 16(9, 7) - 16( 8, 8) [ 86008]
246557.769  ( 0.020) 16(10, 7) - 16( 9, 8) [ 86008]
247807.193  ( 0.020) 15(8,7) - 15(7, 8) [ 86008]
247901.483  ( 0.020 15(9, 7) - 15( 8, 8) [ 86008]
248991.700 ( 0.020) 1407, 7) - 14( 6, 8) [ 86008]
249027.195 ( 0.020) 1408, 7) - 14( 7, 8) [ 86008}
249045.831  ( 0.080) 29(24. 5) - 29(23, 6) [ 86008]
249054.368  ( 0.020) 5(2.3) - 43,2 [ 86008}
249888.758  ( 0.060) 20019, 1) - 20(18, 2) [ 86008}
249941.555 ( 0.020) 136, 7) - 13(5, 8 [ 86008}
249953.727  ( 0.020) 13(7, ) - 13(6, 8) [ 86008]
250116.834  ( 0.050) 20019, 2) - 20(18, 3) [ 86008]
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TABLE 9.3. Microwave spectrum of cyclopropenylidene — Continued C:H,
Isotopic Frequency Unc. J'K_,Ky) - J'(K-.K,) F' - F” Ref.
species (MHz) (MHz)
250700.606 ( 0.020) 1205 7) - 12( 4, 8) [ 86008]
250704.357  ( 0.020) 1206, 7) - 12(5, 8) [ 86008}
260479.746  ( 0.020) 5(3,2 - 44 1) [ 86008]
262387.197  ( 0.030) 2619, 8) - 26(18, 9) [ 86008]
262567.100  ( 0.060) 30023, 8) - 30(22, 9) [ 86008}
264467.138  ( 0.030) 2120, 1) - 21(19, 2) [ 86008]
265759.438  ( 0.030) 44 1) - 3030 [ 86008}
266190.313  ( 0.030) 2315, 8) — 23(14, 9) [ 86008)
266639.231 ( 0.030) 25(22, 3) - 25(21, 4) [ 86008]
266867.115  ( 0.030) 24(17, 8) - 24(16, 9) [ 86008}
270127.641  ( 0.030) 22(14, 8) - 22(13, 9) [ 86008)
271795226  ( 0.030) 22(15, 8) - 22(14, 9) [ 86008]
273235958  ( 0.050) 21(13, 8) - 21(12, 9) [ 86008)
274071.906 ( 0.050) 21(14, 8) - 21(13, 9) [ 86008]
274144163  ( 0.120) 20020, 1) - 20(19, 2) [ 86008]
275734.555  ( 0.080) 20012, 8) - 20(11, 9) [ 86008]
276133.083  ( 0.050) 20013, 8) - 20(12, 9) [ 86008]
310861.584 ( 0.080) 21(12, 9 - 21(11,10) [ 86008)
312488.672  ( 0.080) 20(12, 9) - 20(11,10) [ 86008]
326152758 ( 0.100) 6(4,3) - 53,2 [ 86008}
345373.745 ( 0.080) 22(13,10) - 22(12,11) [ 86008]
346732212 ( 0.100) 21(11,10) - 21(10,11) [ 86008]
386218.136  ( 0.080) 84,5 - 734 [ 86008]
410296.084 ( 0.100) 6(6, 1) - 55 0) [ 86008]
CH“CCH 142698.170  ( 0.040) 1511, 4) - 15(10, 5) [ 87004]
— 144839.149  ( 0.060) 18(15, 49 - 18(14, 5) [ 87004]
145060.711  ( 0.040) 16(13, 4) - 16(12, 5) [ 87004]
145148.239  ( 0.040) 13(9, 4 - 138, 5) [ 87004]
145353.129  ( 0.030) 301,2) - 22 [ 87004]
145501.597  ( 0.050) 20017, 49 - 20(16, 5) [ 87004]
145705.463  ( 0.040) 14(11, 4) - 14(10, 5) [ 87004]
146490.725  ( 0.030) 11(7, 4 - 11( 6, 5) [ 87004]
147026.576  ( 0.030) (7,4 - 106, 5 [ 87004]
147069.698  ( 0.030) 41,4 - 300 3 [ 87004]
147201.828  ( 0.030) 9(5 4 - 94,5 [ 87004]
147255.449  ( 0.070) 96 4 - 955 [ 87004}
147436.085 ( 0.040) 8(5 4 - 8(4 5 [ 87004]
147565.703  ( 0.040) (3,4 - 725 [ 87004)
147671.722  ( 0.040) 6(3,4 - 6(2 5 [ 87004]
147739.746 ( 1.20) 5(1,4 - 5(0, 5 [ 87004]
174781.357  ( 0.080) 19(14, 5) - 19(13, 6) [ 87004
175607.464  ( 0.040) 2016, 5) - 20(15, 6) [ 87004]
178091.994 ( 1.00 ) 16(12, 5) - 16(11, 6) [ 87004]
178423.923  ( 0.050) 15(10, 5) - 15( 9, 6) [ 87004]
179013.395  ( 0.040) 1410, 5) - 14( 9, 6) [ 87004]
179337.748  ( 0.050) 13(8, 5 - 13(7, 6) [ 87004]
179728.417  ( 0.040) 50,5 - 41,4 [ 87004]
179728.417  ( 0.040) 5(1,5 - 4(0,4) 1 87004]
179782.257 ( 0.080) 41,3 - 3022 { 87004]
179923.496 ( 1.20) 11( 6, 5 - 11(5, 6) [ 87004]
180067.190  ( 0.040) 42,3 - 31,2 [ 87004]
180128.715  ( 0.080) 10( 5 5 - 10( 4, 6) [ 87004]
180131.596 ( 0.030) 10( 6, 5) - 10( 5, 6) [ 87004]
180289.074 ( 0.030) 94,5 - 93,6 [ 87004]
180412.793  ( 0.030) 8(4,5 - 8(3, 6 [ 87004}
180506.019  ( 0.080) (2,5 - 1,6 [ 87004]
180575.288  ( 0.080) 6(2,5 - 61,6 [ 87004]
210761.946 ( 0.050) 18(13, 6) - 18(12, 7) [ 87004]
211219.261  ( 0.050) 17(11, 6§ - 17(10, T) [ 87004]
211613.800 ( 0.050) 3(3,0 - 202 1) [ 87004]
211649.403 ( 1.00) 16(10, 6) - 16( 9, 7) [ 87004]
212014.497  ( 0.050) 15(9,6) - 15(8, 7) [ 87004]
212020063 ( 1.00) 15(10, 6) - 15( 9, 7) [ 87004
212322.747 ( 0.080) 1408, 6) - 147, 7) [ 87004)
212325.189  ( 0.040) 1409, 6) - 14( 8, 7 [ 87004]
212387.110  ( 0.030) 6(0,6 - 51,5 [ 87004]
212387.110  ( 0.030) 6(1,6 - 50,5 [ 87004]
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TABLE 9.3. Microwave spectrum of cyclopropenylidene — Continued C;H,
Isotopic Frequency Unc. JK_K.) - J'K_Ky) FF - F Ref.
species (MHz) (MHz)

212563331 ( 0.030) S(L4) - 423 [ 87004]
212575.631  ( 0.070) 5(2,4 - 4(1,3) [ 87004]
212581.455  ( 0.030) 13(7,6) - 13(6, 7 { 87004]
212797375 ( 0.030) 12(7, 6) - 12( 6, [ 87004]
212975.143  ( 0.050) 11(5 6) - 11(4, 7) [ 87004]
213120.737  ( 0.030) 1(5 6) - 10(4,7) [ 87004]
213238520  ( 0.050) 93,6 - 92,7 [ 87004)
213332.649 ( 0.080) 8(36) - 827 [ 87004]
216083.568  ( 0.030) 3,2 - 2D [ 87004]
244920.515  ( 0.080) 16(10, ) - 16( 9, 8) [ 87004]
245040.632  ( 0.070) 5(2,3) - 43,2 [ 87004]
245044421  ( 0.070) 70,7 - 61, 6) [ 87004]
245044.421  ( 0.070) LT - 606 [ 87004]
245189.410  ( 0.080) 15(8,7) - 15(7, 8) [ 87004]
245421.364 ( 1.00 ) 148 7 - 14( 17, 8 [ 87004]
245789.540 ( 1.00 ) 1206, 7 - 12(5, 8) [ 87004)
245932.686  ( 0.050) 11( 4, 7) - 11(3,8) [ 87004]
BCHCCH 119816.200 ( 0.040) 19(14, 5) - 19713, 6) [ 87004)]
— 120566.004  ( 0.040) 18(13, 5) - 18(12, 6) [ 87004]
120893.908  ( 0.030) W73 - 96 9 [ 87004]
122458091  ( 0.040) 13311, 2) - 13Q10, 3) [ 87004]
125373.048  ( 0.030) 20(15, 5) - 20014, 6) { 87004]
141276.758  ( 0.030) 95 4 - 945 [ 87004]
141368.878  ( 0.030) 11310, 2) - 11( 9, 3) [ 87004]
141482.632  ( 0.030) 12310, 3) - 12( 9, 4 [ 87004]
143766.071  ( 0.030) 14(12, 2) - 1411, 3) [ 87004]
144662.801  ( 0.030) 8(4, 4 - 8(35) [ 87004]
145767.604  ( 0.040) 19(15, 4) - 19(14, 5) [ 87004]
146087.730  ( 0.030) 107, 4) - 10(6, 5) { 87004]
146179.089  ( 0.040) 96,4 - 955 [ 87004])
146669.928  ( 0.030) (3,4 - 725 [ 87004]
146719.675 ( 0.030) 8(5 4 - 84,05 [ 870041
146838.483  ( 0.030) 15(10, 5) - 15( 9, 6) [ 87004]
146841.283  ( 0.030) 11(8,4) - 11(7,5 [ 87004]
147398.181  ( 0.040) 7(4,4) - 73,5 { 87004]
147483.771  ( 0.040) 12(11, 1) - 1210, 2) [ 87004]
147702.239  ( 0.040) 2(2,0 - 1(1, ) [ 87004]
147808.672  ( 0.040) 62,4 - 61,5 [ 87004]
148015.665  ( 0.040) 6(3, 4 - 625 [ 87004]
148114.191  ( 0.040) L4 - 303 [ 87004]
148744.519  ( 0.080) 24(18, 6) - 24(17, 7) [ 87004]
148864.058  ( 0.040) 12(9, 4 - 12(8, 5) [ 87004]
174613.120  ( 0.040) 18(12, 6) - 18(11, 7) [ 87004)
175201.359  ( 0.040) 14(10, 5) - 14( 9, 6) [ 87004}
175323.639  ( 0.050) 13(9, 5 - 13(8, 6) [ 87004]
175553.247  ( 0.040) 16(13, 4) - 16(12, 5) [ 87004]
177297.768  ( 0.060) 1( 7, 5 - 11(6 6) [ 87004]
177562283 ( 0.060) 1005 5 - 10( 4, 6) [ 87004]
178499.330  ( 0.030) 1006, 5) - 10(5, 6) [ 87004]
178585.173  ( 0.040) 1513, 3) - 15012, 9 [ 87004}
178731.439  ( 0.040) 16(12, 5) - 16(11, 6) [ 87004]
179247.753  ( 0.060) 94,5 - 93,06 [ 87004]
179576.657  ( 0.070) 95 5 - 94 6 [ 87004]
179709.946  ( 1.00 ) 41,3 - 32,2 [ 87004]
180350.775  ( 0.030) 8(3,5 - 82 6 [ 87004]
180448.442  ( 0.050) 8(4,5 - 8036 [ 87004]
180959.762  ( 0.030) 5(0,5) - 41,4 [ 87004]
180964.933  ( 0.030) 5(1,5 - 4(0, 4 { 87004]
181076.404  ( 0.030) 725 - 71,6 [ 87004)
181099.574  ( 0.030) 73,95 - 72 6 [ 87004]
181549.152  ( 0.030) 61,5 - 60, 6) [ 87004]
181553.155  ( 0.030) 6(2 5 - 61,6 [ 87004]
183129.932  ( 0.050) 17313, 5) -~ 1712, 6) { 87004]
184044.265  ( 0.030) 14(13, 1) - 14(12, 2) [ 87004]
185055.038  ( 0.030) 16(14, 2) - 16(13, 3) [ 87004]
185523.086  ( 0.030) 1711, 6) - 17310, 7) [ 87004]
186711.238  ( 0.040) 14(13, 2) - 14712, 3) [ 87004]
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TABLE 9.3. Microwave spectrum of cyclopropenylidene — Continued C:H,
Isotopic Frequency  Unc. J(K_,K,1) J'(K-,K4) F' - F” Ref.
species (MHz) (MHz)

187145.455 ( 0.040) 17(14, 4) 17(13, 5) [ 87004]
194151.163  ( 0.050) 16(10, 6) 16( 9, 7) [ 87004]
198205.561 ( 0.050) 19(15, 5) 19(14, 6) [ 87004]
200320.180 ( 0.050) 18(15, 4) 18(14, 5) [ 87004]
200455.279  ( 0.050) 15( 9, 6) 15( 8, 7 [ 87004]
210517.874  ( 0.030) 12( 7, 6) 12( 6, T [ 870041
211148.987  ( 0.080) 14(14, 0) 1413, 1) [ 87004]
211294.440 ( 0.080) 1414, 1) 14(13, 2) [ 87004}
211803.069 ( 0.030) 11( 6, 6) 11( 5, 7 [ 87004]
212457.672  ( 0.030) 3(3 0 202, 1) [ 87004]
212787.837 ( 0.030) 10( 4, 6) 10( 3, 7) [ 87004]
212831.126  ( 0.030) 10( 5, 6) 10( 4, 7) [ 87004]
213024.399 ( 0.050) 21(16, 6) 21(15, 7) [ 87004]
213610.032  ( 0.030) 9( 3, 6) 927 [ 87004]
213621.174  ( 0.060) 9 4, 6) 937 [ 87004}
213872.779  ( 0.030) 5(1, 4) 42, 3) [ 87004]
214204.883 ( 0.030) 8( 2, 6) 81,7 [ 87004]
214207.154  ( 0.030) 8( 3, 6) 8(2 7 [ 87004]
214289.476  ( 0.040) 20013, 7) 20(12, 8) [ 87004]
214313.034  ( 0.030) 5(2, 4 41, 3) [ 87004]
214733.266  ( 0.030) 19(16, 4) 19(15, 5) [ 87004]
215640.852  ( 0.060) 22(18, 4) 2X(17, 5) [ 87004]
218144.439  ( 0.030) 16(15, 1) 16(14, 2) [ 87004}
218882.838  ( 0.030) 16(15, 2) 16(14, 3) [ 87004]
220443.116  ( 0.080) 22(17, 6) 22(16, T [ 87004]
221232.367 ( 0.060) 22(17, 5) 22(16, 6) [ 87004]
222005.497 ( 0.060) 20(17, 3) 20(16, 4) [ 87004]
223160.614  ( 0.060) 19(12, 7) 19(11, 8) [ 87004]
224958.482  ( 0.060) 18(16, 3) 18(15, 4) [ 87004]
244025.570  ( 1.20) 13(7, 7 13( 6, 8) [ 87004]
245141.334 ( 1.00) 12(5 7 12( 4, 8) [ 87004]
245159.726  ( 1.00) 12(6, 7) 12( 5, 8) [ 87004}
246055.002 ( 1.20) 11( 4, 7) 11( 3, 8) [ 87004]
246723.236  ( 0.050) (LD 6( 0, 6) [ 87004]
246723.236  ( 0.050) 70, 7) 6( 1, 6) [ 87004]
246911.608  ( 0.050) 6( 1, 5 5(2, 4 [ 87004]
246958.487 ( 0.050) 6( 2, 5) 51, 4) [ 87004]
CDCCH 19418.661 ( 0.002) (1,0 101 1 -1 [ 87016]
|___| 19418.686  ( 0.002) 1( 1, 0) 1(0, 1) 2 -1 [ 87016]
19418.712  ( 0.002) 1( 1, 0) 1o, 1) 1 -2 [ 87016]
19418.724  ( 0.002) 1(1, 0 o 0 -1 [ 87016]
19418.740  ( 0.002) 1,0 €01 2 -2 [ 87016]
19418.796 ( 0.002) 1(1, 0) 10, 1) 1 -0 [ 87016]
118648.117  ( 0.030) 202, 1) 1( 1, 0) [ 87004]
119396.502  ( 0.030) 11( 6, 5) 11( 5, 6) [ 87004]
119721.190  ( 0.030) 7( 5, 3) 74, 4 [ 87004]
121662.307  ( 0.030) 7( 3, 4) 7( 2, 5) { 87004]
124603.681  ( 0.030) 15( 9, 6) 15( 8, 7) [ 87004]
125236.615  ( 0.030) 14( 9, 5) 14( 8, 6) [ 87004]
128708.888  ( 0.040) 14( 8, 6) 47,7 [ 87004]
129127.678  ( 0.030) 7( 6, 2) 75, 3) [ 87004]
130139.831 ( 0.030) 6( 2, 4 6( 1, 5) [ 87004]
132379.889  ( 0.040) 8( 6, 3) 8( 5, 4) [ 87004}
134451.386 ( 0.030) 7( 4, 4) 7( 3,'5) [ 87004]
134461,389  ( 0.030) 6( 3 4 6( 2, 5) [ 87004]
134511.003  ( 0.040) 5(1, 4 5( 0, 5) [ 87004]
134602.134  ( 0.080) 10( 5, 5) 10( 4, 6) [ 87004]
134898.237  ( 0.040) 16(10, 6) 16( 9, 7) [ 87004]
135492.872  ( 0.050) 5(2 4 5( 1, 5) [ 87004]
135640.900 ( 0.030) 40, 4) 3(13) [ 87004]
136370.910  ( 0.030) 4( 1, 4) 3(0, 3 [ 87004}
136848.255 ( 0.030) 8( 5 4 8( 4, 5) [ 87004]
136932.367 ( 0.030) 11( 8, 3) 11( 7, 4) [ 87004)
137454.464  ( 0.030) 2(2, 0 1(1, 1) [ 87004]
140474.074  ( 0.030) 17(10, 7) 17( 9, 8) [ 87004]
142988.458 ( 0.030) 9 6, 4 9( 5, 5) [ 87004)
143041.991 ( 0.030) 13( 7, 6) 13( 6, 7) [ 87004]
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TABLE 9.3. Microwave spectrum of cyclopropenylidene — Continued C;H;
Isotopic Frequency Unc. JK_, Ky -~ JK_ Ky F - F” ' Ref.
species (MHz) (MHz)
143565.383  ( 0.030) 87, 1) - 8(S6 2) [ 87004]
145450.915 ( 0.030) 13(9, 4) - 13(8, 5 [ 87004)
145505.815  ( 0.030) 18(11, 7) - 18(10, 8) [ 87004]
148425.563  ( 0.030) 9( 4,5 - 93,6 [ 87004]
148842.349  ( 0.030) 3(2,2) - 2L [ 87004)
149331.540  ( 0.030) 97,3 - 96 4 [ 87004]
149807.503  ( 0.030) 16(9, 7) - 16( 8, 8) [ 87004]
163900.098  ( 0.030) 73,5 - 172 6) { 87004]
165432.051 ( 0.050) 6( 1,5 - 60 6) [ 87004)
165642.855  ( 0.050) 6(2, 5 - 61,6 [ 87004]
165983.748  ( 0.030) 11(7, 5 - 116 6 [ 87004]
166112.362 ( 0.030) 50,5 - 41,49 [ 87004]
166250.124  ( 0.050) 51,5 - 40 4 [ 870041
166395.951  ( 0.030) 1912, 7) - 19(11, 8) { 87004
167904.648  ( 0.060) 15(8, 7 - 1517, 8 [ 87004}
168983.683 ( 0.030) 1108, 4 - 11(7, 5 [ 87004)
169680.527  ( 0.030) 10( 8, 3) - 10( 7, 9 [ 87004]
169821.505 ( 0.030) 12( 9, 3) - 12( 8, 4 { 87004]
170683.853  ( 0.030) 98D - 972 [ 87004)
172584.294 ( 0.030) 18(10, 8) - 18(9, 9 [ 87004]
173586.223  ( 0.030) 982 - 9%7,9 [ 87004]
173911.588  ( 0.050) 42,3 - 3(LY [ 87004]
174746.106  ( 0.040) 12(8, 5 - 12(7, 6 [ 87004]
175315.070  ( 0.030) 11(5 6) - 11(4,7) [ 87004]
179794.241  ( 0.030) 1410, 4) - 14( 9, 5) [ 87004]
184946.524  ( 0.030) 100 4,6) - 10(3,7) [ 87004]
186357.734  ( 0.030) 1207, 6 - 12067 [ 87004]
186860.305 ( 0.040) 11(9, 2) - 11( 8, 3) [ 87004]
186919.958  ( 0.030) 11(6, 6) - 11(5 7 { 87004]
187183.625  ( 0.030) 47,7 - 14(6, 8) [ 87004)
187926.732  ( 0.030) 16(11, 5) - 1610, 6) [ 87004]
193782.524  ( 0.030) 17(9, 8) - 17( 8, 9) [ 87004]
193930.163  ( 0.030) 8(2,6 - 81,7 [ 87004}
194196.258 ( 0.040) 83,6 - 827 [ 87004]
194367.304  ( 0.030) S(1,4 - 4213 [ 87004]
194510019  ( 0.030) 18312, 6) - 18(11, 7) [ 870041
195733.056 ( 0.030) 14(9,6) - 14( 8, 7) [ 87004]
195973.432  ( 0.040) (1,6 - 70,7 [ 87004]
196014.148 ( 0.050) 72,6y - (L, 7 [ 87004]
196354.879  ( 0.030) 6(0,6) - 51,5 [ 87004)
196378.448  ( 0.030) 61,6 - 505 [ 87004]
196408.150  ( 0.030) 109, 1) - 10( 8, 2) [ 87004}
196911.530 ( 0.030) 2011, 9) - 20(10,10) [ 87004]
199319.827 ( 0.030) 52,4 - 4143 [ 87004])
199915.622 ( 0.030) 20013, 7) - 2012, 8) [ 87004]
200294.630 ( 0.030) (3,0 - 221 [ 87004]
201139.060 ( 0.030) 13(10, 3) - 13( 9, 4) [ 87004]
202258.579 ( 0.030) 13(6,7) - 13(5, 8) [ 87004)
203812.890  ( 0.030) (2,3 - 43,2 [ 87004]
206200.330  ( 0.030) 14(10, 5) - 14( 9, 6) { 87004}
207475381 ( 0.030) 15010, 6) - 15( 9, 7) [ 87004)
210950.643  ( 0.030) 1408, 7 - 14( 7, 8) [ 87004]
211828.536  ( 0.030) 15(9, ) - 15(8, 8) [ 87004]
212105.543  ( 0.030) 1205, 7 - 12(4, 8) [ 87004]
212803.902 ( 0.030) 1307, 7) - 13(6 8) [ 87004]
213491394  ( 0.050) 15(11, 49 - 15710, 5) [ 87004]
213872297 ( 1.00) 12(10, 2) - 12( 9, 3) { 87004]
214070.086 ( 0.030) 16( 8,8 - 16(7, 9 [ 87004]
216092.555 ( 0.040) 12(10, 3) - 12( 9, 4 [ 87004]
216779.279  ( 0.030) 16(10, 7) - 16( 9, 8) [ 87004]
218181.896  ( 0.030) (4 7 - 11(3, 8 [ 87004)
219356.349  ( 0.030) 11( 5 7 - 11(4, 8 [ 87004]
220438.926  ( 0.030) 19010, 9) - 19( 9,10) [ 87004]
221375.758  ( 0.030) 11710, 1) - 11( 9, 2) { 87004}
221697.066  ( 0.030) 43,2 - 20D [ 87004}
221767949  ( 0.030) 11(10, 2) - 11( 9, 3) [ 87004]
222042.345 ( 0.030) 10(3,7) - 10(2 8 [ 87004]
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TABLE 9.3. Microwave spectrum of cyclopropenylidene — Continued C;H;
Isotopic Frequency Unc. J(K_1,K:1) J"K.,Kyy) F' - F" Ref.
species (MHz) (MHz)

223905.102  ( 0.030) 17(12, 5) 17(11, 6) [ 87004]
223910.842 ( 0.030) 16(11, 6) 16(10, 7) [ 87004]
224625290 ( 0.030) 92,7 9 1, 8) [ 87004]
224680.568  ( 0.030) 937 9 2, 8) [ 87004]
226294.111  ( 0.030) 6( 1,5 5(2 4 [ 87004]
226553.556 ( 0.050) 70, 7) 6( 1, 6 [ 87004]
226557.218 ( 0.050) (L7 6( 0, 6) [ 87004]
227510.300 ( 0.030) 6( 2, 5) 5(1, 4 [ 87004}
240445.135  ( 0.050) 13(11, 3) 13(10, 4) [ 87004]
244165.350  ( 0.030) 17(12, 6) 1711, 7) [ 87004]
244249.938 ( 0.030) 16(12, 4) 16(11, 5) [ 87004]
245521.528 ( 0.030) 13( 5, 8) 13( 4, 9) [ 87004]
246616.267 ( 0.030) 13( 6, 8) 13( 5, 9) [ 87004]
248914.222  ( 0.030) 6(2, 4 5(3,3) [ 87004]
249841.456 ( 0.030) 12( 4, 8) 12( 3, 9) [ 87004]
250132.496 ( 0.030) 12( 5, 8) 12( 4, 9) [ 87004]
250740.604  ( 0.030) 16(12, 5) 16(11, 6) [ 87004]
280885.777 ( 0.030) 13( 4, 9) 13( 3,10) [ 87004]
280951936 ( 0.030) 13( 5, 9) 13( 4,10) [ 87004]
283560.936 ( 1.00) 12( 3, 9 12( 2,10) [ 87004]
283574.008 ( 1.00) 12( 4, 9) 12( 3,10) [ 87004]
284905.753  ( 0.080) 20(11,10) 20(10,11) [ 87004]
285163.964 ( 0.030) 72,5 6(3, 4 [ 87004]
286923.752  ( 0.030) 19(14, 5) 19(13, 6) [ 87004]
286933.385  ( 0.050) 90,9 8( 1, 8 [ 87004]
286933.385  ( 0.050) 9 1, 9) 8( 0, 8) [ 87004]
287136.993  ( 0.030) 81,7 7( 2, 6) [ 87004]
287185.594 ( 0.030) 82,7 7 1, 6) [ 87004]
289933.402 ( 0.040) 19(10,10) 19( 9,11) [ 870041
290899.576  ( 0.030) 7( 3,95 6(2 4 [ 87004]
292728.746  ( 0.030) 18( 8,10) 18( 7,11) [ 87004]
295213.145 ( 0.040) 7( 3, 4) 6( 4, 3) [ 87004]
295377.145  ( 0.050) 18( 9,10) 18( 8,11) [ 87004]
296782.707 ( 0.050) 5(4,2) 4031 [ 87004]
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Table 10.1. Molecular constants for allene in vibrationally
excited states. [87017]

Vibrational State

Parameter vy, =1 Vio =1 vg =1

B (MHz) 8904.434(4) 8879.325(7) 8890.310(20)
Dy (kHz) 3.58(63) 3.50(83) 2.652

v (D) 0.010(1) 0.0452(6)

8Value fixed.

Table 10.2 Molecular constants for allene-d,
and allene-1,1-d,. [86012]

Parameter CDHCCH, Cb,CCH,

A (MHz) 117600.541(744) 96431.9622

B (MHz) 8374.299(39) 7955.141(7)

¢ (MHz) 8261.946(41) 7737.167(7)

oy (kHz) 3.06(44) 2.374(270)

asx (kHz) 154.(19) 129.57(84)

ag  (kHz) 2160.(460) 1316.2

85 (kHz) 0.0635(12) 0.0758(4)

8 (kHz) -87.2(25) -2.24(19)

Electric Dipole Moment [73081]

o (D) 0.0031(3)

8Constrained at the value from F. Hegelund and

J. Kauppinen, J. Mol. Spectrosc. 110 106 (1985).
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TABLE 10.3. Microwave spectrum of allene CsH,
Isotopic Frequency Unc. JK_,Ky) - J"(K_uKy)) Vib. Ref.
species (MHz) (MHz) state
H,CCCH, 17758.637 ( 0.005) 1(0, 1) - 00,0 lvyo [ 87017]
17780.610 ( 0.018) 1(0,1) - 0(0, 0 1vg [ 87017]
17808.853  ( 0.001) 1(0,1) - 0(0, 0 vy, [ 87017]
35517.190 ( 0.010) 20,2 - 1(0, 1) vio [ 87017]
35617.620 ( 0.010) 200,2) - 1(0, 1) vy [ 87017]
D,CCCH, 7846.450 ( 0.050) 8(1L, 7 - 81,38 [ 86012]
8066.768  ( 0.050) 26( 2,24) - 26( 2,25) [ 86012]
9327.856 ( 0.050) 27( 2,25y - 27( 2,26) [ 86012]
9807.638  ( 0.050) 91,8 - 919 [ 86012)
10725.376  ( 0.050) 28( 2,26) - 28( 2,27) [ 86012}
11986.452  ( 0.050) 10 1,9 - 10( 1,10) { 86012]
12267.147  ( 0.050) 29( 2,27) - 29( 2,28) [ 86012]
13960.898  ( 0.050) 30( 2,28) - 30( 2,29) [ 86012]
14382.877 ( 0.050) 11( 1,100 - 11( 1,11) [ 86012]
15692.292 ( 0.050) 1(0,1) - 0(0, 0) [ 86012]
15814.124  ( 0.050) 31( 2,29) - 31( 2,30) [ 86012]
16996.737  ( 0.050) 12( 1,11 - 12( 1,12) [ 86012]
17834.190  ( 0.050) 32( 2,30) - 32( 2,31) [ 86012]
47073.55 ( 0.10) 302,2) - 220 [ 73081]
47075.18 ( 0.10) 3(2, 1) - 2020 [ 73081]
62760.10  ( 0.10) 403,2) - 331 [ 73081]
62760.10  ( 0.10) 43, 1 - 330 [ 73081]
62764.18 ( 0.10) 402, 3) - 3022 [ 73081]
62768.17  ( 0.10) 402,2) - 3(2, 1 [ 73081]
DHCCCH;, 7436.207  ( 0.050) 19( 2,17) - 20( 1,20) [ 86012]
7892.260 ( 0.050) 21( 1,21) - 20( 2,18) [ 86012]
8349.456 ( 0.050) 70,7 - 61,6) [ 86012]
8620.983  ( 0.050) 5(1,5 - 6(0, 6) [ 86012]
8787.459  ( 0.050) 12 L1 - 12( 1,12) [ 86012]
10251.262  ( 0.050) 13( 1,12) - 13( 1,13) [ 86012]
10669.538  ( 0.050) 32( 2,30) - 31( 3,29) [ 86012]
11827.560 ( 0.050) 14 L,13) - 14( L,14) [ 86012]
13516.132  ( 0.050) 15( 1,14) - 15( 1,15) [ 86012)
14749.380  ( 0.050) 31( 3,28) - 32( 231) [ 86012]
15316.867  ( 0.050) 16( 1,15) - 16( 1,16) [ 86012]
16636.279  ( 0.050) (0, ) - 0(0, 0 [ 86012]
16728.297 ( 0.050) 20( 1,19) - 19( 2,18) [ 86012]
18218.606  ( 0.050) 34( 2,33) - 33( 3,30) [ 86012]
18720.821  ( 0.050) 17( 2,16) - 18( 1,17) { 86012]
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Table 11.1. Molecular constants for cyclopropene

and 1,2-dideuterocyclopropene.

CH, CH,
/\ /\

Parameter HC=CH DC=CD
A" (MHz) 30061.2906(16) 23178.165(25)
B" (MHz) 21825.7814(10) 20102.070(25)
c" (MHz) 13795.7624(8) 11585.453(17)
T, (MHz) -0.486516(89) -0.2772(426)
T, (MHz) -0.121949(28) -0.0667(136)
Ty (MHz) 4.1633(4) 5.1(2)
Taaaa (MHZ) -0.207119(78) -0.1357(57)
Tppbb (MHZ) -0.154729(22) -0.1389(109)
Teece (MH2) -0.026625(18) ----
Hyx (Hz) -0.393(96)
Hyy  (Hz) 1.69(29)
He  (Hz) -1.354(380)
hj (Hz) 0.0364(12)
hyx  (Hz) -0.168(54)
hy  (Hz) 1.249(13)

Dipole moment [59017]

Ha (D) 0.454(10) 0.461(10)
Table 11.2. Molecular constants for 3C,, !3C,, D, (methylenic)
and D (ethylenic) species of cyclopropene.

CH, 13CH, HCD CH,

/A /A /A /A

Parameter HC='3CH HC=CH HC=CH DC=CH
[Reference] [75050] [75050] [75050] [590171]
A (MHz) 30062.00(31) 29369.26(24) 28792.96(21) 26898.7
B (MHz) 21129.22(22) 21601.94(18) 19356.66(19) 20520.1
c (MHz) 13513.62(22) 13560.06(18) 13011.74(19) 12606.1

Dipole moments [59017]

ue (D)
u, (D)
ue (D)

0.446 0.443
0 0.156(20)
0.443 0
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TABLE 11.3. Microwave spectrum of cyclopropene C:H,
Isotopic Frequency Unc. J'K_,K;1) J"(K_,K) Ref.
species (MHz) (MHz)

CHCH,CH 15089.620  ( 0.030) 3(2, 1 3022 [ 69055]
19247.250  ( 0.020) 29(16,13) 29(16,14) [ 75050]
19784.260 ( 0.020) 12( 7, 5) 12( 7, 6) [ 75050}

- 20488.440  ( 0.020) 31(17,14) 31(17,15) [ 75050]
CH=CH 21544.196 ( 0.030) 5(3,2) 5(3, 3 [ 69055]
N/ 21699.560 ( 0.020) 33(18,15) 33(18,16) [ 75050]
CH, 22728.940 ( 0.020) 14( 8, 6) 14( 8, 7) [ 75050]
22880.100 ( 0.020) 35(19,16) 35(19,17) [ 75050]
24029.680  ( 0.020) 37(20,17) 37(20,18) [ 75050]
24089.592  ( 0.020) 21,1 21,2 [ 69055]
25148.040  ( 0.020) 39(21,18) 39(21,19) [ 75050]
25593.960  ( 0.020) 16(9, 7) 16( 9, 8) [ 75050]
27599.740  ( 0.020) 7( 4, 3) 7 4, 4) [ 75050]
28382.210 ( 0.020) 18(10, 8) 18(10, 9) [ 75050]
31095.940 ( 0.020) 20(11, 9) 20(11,10) [ 75050]
33353.410 ( 0.020) 9( 5, 4) 9( 5, 5) [ 75050}
33737.110  ( 0.020) 22(12,10) 22(12,11) [ 75050}
34935353  ( 0.020) 4 2, 2) 4 2, 3) [ 69055]
35621.290 ( 0.020) 1(0, 1) 0( 0, 0) [ 69055]
36306.970  ( 0.020) 24(13,11) 24(13,12) [ 75050]
38807.120 ( 0.020) 26(14,12) 26(14,13) [ 75050]
38860.280 ( 0.020) 11( 6, 5) 11( 6, 6) [ 75050]
39098.420 ( 0.020) 3(0, 3 2(2, 0 [ 75050]
92868.180 ( 0.010) 3(1 3) 2(1, 2 [ 87008]
95444.193  ( 0.010) 3(0 3) 2( 0,2 [ 87008}
98817.024 ( 0.010) 5(1, 4) 5( 1, 5) [ 87008]
101782.053 ( 0.010) 5(2, 4) 5(0,5) [ 87008]
102488.675 ( 0.010) 6( 3, 4) 6( 1,5 [ 87008]
106860.325 ( 0.010) 3(2,2 202, 1) ¢ [ 87008]
108505.921 ( 0.010) 12( 4, 9) 11( 6, 6) [ 87008]
128959.020 ( 0.020) 28(14,14) 28(14,15) [ 86006]
130207.269  ( 0.020) 9 S, 5) 9( 3, 6) [ 86006}
130719.509  ( 0.030) 11(5 7 10( 7, 4) [ 86006}
131660.858  ( 0.020) 17( 8, 9) 17( 8,10) [ 86006]
134337.198  ( 0.030) 15(9,°7) 14(11, 4) [ 86006]
135126.122  ( 0.020) 7( S, 3) 7(3, 4) [ 86006]
135147.198  ( 0.020) 9( 3, 6) 937 [ 86006]
135227.870  ( 0.020) 30(15,15) 30(15,16) [ 86006)
135485.125  ( 0.020) 12( 5, 7) 12( 5, 8) [ 86006)
135786.145  ( 0.030) 16( 4,12) 15( 6, 9) [ 86006]
149279.120  ( 0.010) S(1, 5 4 1, 4) [ 87008]
149432.519  ( 0.010) 14( 6, 8) 14( 6, 9) [ 87008]
149548.939  ( 0.010) 5(0, 5 4 0, 4) [ 87008]
152662.769 ( 0.010) 19( 5,14) 18( 7,11) [ 87008]
161402.303  ( 0.020) 1003, 7 10( 3, 8) [ 86006]
161478.222  ( 0.020) 23(11,12) 23(11,13) [ 86006]
161958.377  ( 0.020) 12( 6, D 12( 4, 8) [ 86006]
162920.429 ( 0.020) 16( 7, 9) 16( 7,10) [ 86006]
163010.373  ( 0.010) 18(11, 8) 17(13, 5) [ 87008}
163820.198  ( 0.020) 10( 4, 7) 10( 2, 8) [ 86006]
164054.815  ( 0.030) 40(20,20) 40(20,21) [ 86006]
165360.735 ( 0.010) 14( 8, 6) 13(10, 3) [ 87008]
166147.003  ( 0.010) 10( 5, 5) 97, 2) [ 87008]
166421.837 ( 0.020) 927 9( 2, 8) [ 86006]
166901.060  ( 0.020) 937 9 1, 8) [ 86006]
168570.295 ( 0.020) 13( 5, 8) 13( S5, 9) [ 86006]
169401.329  ( 0.020) 81,7 8( 1, 8) { 86006]
169445.995  ( 0.020) 8( 3,5 75, 2) [ 86006]
169465.977  ( 0.020) 8(2 7 8( 0, 8) [ 86006]
170089.110  ( 0.020) 5(2 4 4 2, 3) [ 86006]
170863.101  ( 0.020) 25(12,13) 25(12,14) [ 86006]
170932.920 ( 0.010) 137, 7) 13( 5, 8) [ 87008]
171570.082  ( 0.020) 5(4, 1) 5(2, 4 [ 86006]
171862.920  ( 0.020) 13( 6, 8) 12( 8, 5) [ 86006]
172700.264  ( 0.010) 12( 7, 6) 12( 5, 8) [ 87008]
174623.476  ( 0.020) 3(2, 1) 2(0,2 [ 86006]
174915.602  ( 0.010) 5(1, 4) 41, 3) [ 87008}
176000.634  ( 0.020) 18( 8,10) 18( 8,11) [ 86006]
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TasLE 11.3.  Microwave spectrum of cyclopropene — Continued C;H,
Isotopic Frequency Unc. JK-oL,Ki) - J'Ko,K4) Ref.
species (MHz) (MHz)
176563.929  ( 0.020) 9 4,5 -~ 8( 6, 2) [ 86006}
176954.339  ( 0.020) 6(1,6 - 51,5 [ 86006]
177022.433  ( 0.010) 6(0, 6 - 50,5 [ 87008}
180569.324  ( 0.010) 8( 6 3) - 8(4 4 [ 87008]
184626.564  ( 0.020) 1407, 8) - 13(9,5) [ 87008]
190269.093  ( 0.010) 25( 8,18) - 24(10,15) [ 87008)
193665.941  ( 0.020) 9 3 6) - 8(5 3 [ 86006]
194658.487  ( 0.020) 1408, 7) - 14( 6, 8) [ 86006]
195615.548  ( 0.020) 6(5 1) - 6(3, 4 [ 86006]
195955.301  ( 0.020) 3(3,0 - 24,1 [ 86006]
196379.160  ( 0.020) 21 6,15) - 20( 8,12) [ 87008]
196397.198 ( 0.010) 502, 3 - 40 2, 2) [ 87008)
197254.017  ( 0.020) 1405 9 - 15 5,10) [ 86006)
197495.388  ( 0.020) v 5(3,2) - 43 1) [ 86006]
197570.049 ( 0.010) 31(15,16) - 31(15,17) [ 87008]
198316.905  ( 0.020) 15(7,9) - 15 5,10) [ 86006]
199136.982  ( 0.020) 62,5 - 524 [ 87008]
199301.345  ( 0.020) 16(8,9) - 16( 6,10) [ 86006]
199905.686  ( 0.020) 17( 7,100 - 17( 7,11) [ 86006)
201087.180 ( 0.020) 22(10,12) - 22(10,13) [ 86006]
201120.278  ( 0.020) 6( 1,5 - 51,4 [ 86006]
201272.394 ( 0.010) 76 2) - 7( 4, 3) [ 87008)
201560.781  ( 0.020) 14 6, 9) -~ 14 4,10) [ 86006]
204121.257  ( 0.020) 6(4,2) - 62 5 { 86006]
204560.676  ( 0.020) 1,6y - 61,6 [ 86006]
204576.617  ( 0.020) 70,7 - 60, 6) [ 86006)
204732.293  ( 0.010) 13( 4, 9) - 13( 4,10) [ 87008]
205826.400  ( 0.020) 13(5.9 - 13( 3,10) [ 86006]
206024.480 ( 0.020) 33(16,17) - 33(16,18) [ 86006]
258536.982  ( 0.020) 20(11,10) - 20( 9,11) [ 86006]
258613.762  ( 0.020) 19( 7,12) - 19( 7,13) [ 86006}
258619.637  ( 0.050) 32(15,17) - 32(15,18) [ 86006)
258797.927  ( 0.020) 13( 2,11) - 13( 2,12) [ 86006]
259733.320  ( 0.200) 90,9 - 80, 8 [ 86006}
259733.320  ( 0.200) 91,9 - 818 [ 86006)
260042.732  ( 0.020) 74,4 - 6(4,3) [ 86006]
260780.767  ( 0.020) 76,1 - 6(6, 0) [ 86006]
260963.843  ( 0.020) 19( 8,12) - 19( 6,13) [ 86006]
261021.910  ( 0.200) 12( 2,11) - 12( 0,12) [ 86006]
261021.910  ( 0.200) 12( L11) - 12( 1,12) [ 86006]
261051.753  ( 0.020) 1710, 8) - 17( 8, 9) [ 86006]
262442.820  ( 0.020) 753 - 65 2) [ 86006]
263535.563  ( 0.020) 22( 9,13) -  22( 9,14) [ 86006)
265663.338  ( 0.020) 75,2 -  6(5 1) [ 86006)
266019.889  ( 0.020) 18( 6,12) - 18( 6,13) [ 86006]
266640.816  ( 0.020) 18( 7,12) - 18( 513) [ 86006]
266861.064  ( 0.020) 23(12,12) - 23(10,13) [ 86006)
267176.301  ( 0.020) 1409, 6) - 147, 7 [ 86006]
268385.389  ( 0.020) 23(114,13) - 23( 9,14) [ 86006]
270473.476  ( 0.020) 24(12,13) - 24(10,14) [ 860061
271446.951  ( 0.020) 17¢ 5,12) - 17( 5,13) { 86006]
271587.728  ( 0.020) 17( 6,12) - 17( 4,13) [ 86006]
271631.600  ( 0.070) 27(12,15) - 27(12,16) [ 86006]
272482.493  ( 0.020) 22(10,13) - 22( 8,14) [ 86006]
274950.092  ( 0.040) 10( 7, 3) - 10( 5, 6) [ 86006]
275664.418  ( 0.020) 16( 4,12) - 16( 4,13) [ 86006]
275691.261  ( 0.020) 16( 512) - 16( 3,13) [ 86006]
275802.194  ( 0.020) 21( 8,13) - 21( 8,14) [ 86006)
276292.091  ( 0.020) 12057 - 11(7, 4) [ 86006]
277108.711  ( 0.020) 8(3,6) - 735 [ 86006]
277212.986  ( 0.020) (4,3 - 64 2) [ 86006)
277312.300  ( 0.020) 73,4 - 63,3 [ 86006]
325642.564  ( 0.020) 9(4,6) - 8(4,5 { 86006}
332580.788  ( 0.040) 22( 7,15 - 22( 7,16) [ 86006]
333187.194  ( 0.020) 10( 3, 8) - 937 [ 86006)
333522.130  ( 0.020) 1002, 8 - 927 [ 86006]
334362.950  ( 0.020) 9082 - 88 1) [ 86006]
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TaBLE 11.3.  Microwave spectrum of cyclopropene — Continued C;H,
Isotopic Frequency Unc. J(K_ ,K41) J"(K_,K.) Ref.
species (MHz) (MHz)
334645.654  ( 0.020) 9( 3, 6) 8( 3,5 [ 86006]
336811.212  ( 0.020) 973 87 2 [ 86006]
337131.062  ( 0.020) 9 7,2 87, 1 [ 86006]
337500.944 ( 0.020) 21( 7,15) 21( 5,16) [ 86006]
337513.419  ( 0.020) 9( 5, 5) 8( 5, 4 [ 86006]
337779.745  ( 0.020) 11( 2,10) 10( 2, 9) [ 86006}
337782.580 ( 0.020) 11( 1,10) 10( 1, 9) [ 86006]
339348.140  ( 0.020) 9 6, 4) 8( 6, 3) [ 86006]
342473.856  ( 0.050) 12( 1,12) 11( 1,11) [ 86006]
342473.856  ( 0.050) 12( 0,12) 11( 0,11) [ 86006)
343502.309  ( 0.020) 9( 6, 3) 8( 6, 2) [ 86006)
388329.470 ( 0.020) 12( 3,10) 11( 3, 9) [ 86006]
388354.773  ( 0.020) 12( 2,10) 11( 2, 9) [ 86006]
389373.044 ( 0.020) 10( 4, 6) 9( 4, 5) [ 86006]
389488.619  ( 0.020) 10( 6, 4) 9( 6, 3) [ 86006]
392915.652  ( 0.200) 13( 1,12) 12(¢ 1,11) [ 86006]
392915.652  ( 0.200) 13( 2,12) 12( 2,11) [ 86006}
397625.816  ( 0.050) 14( 0,14) 13( 0,13) [ 86006]
397625.816  ( 0.050) 14( 1,14) 13( 1,13) [ 86006)
401513.206 ( 0.020) 10( 5, 5) 95, 4) [ 86006]
403820.287  ( 0.020) 11( 5, 7) 10( 5, 6) [ 86006]
411462.546  ( 0.020) 12( 4, 9) 11( 4, 8) [ 86006)
411976.242  ( 0.020) 12( 3, 9) 11( 3, 8) [ 86006}
413450.659 ( 0.050) 11( 8, 4) 10( 8, 3) [ 86006]
413916.720  ( 0.050) 11( 8, 3) 10( 8, 2) [ 86006]
415328.566 ( 0.020) 11( 6, 6) 10( 6, 5) [ 86006]
452768.740  ( 0.040) 16( 1,16) 15( 1,15) [ 86006
452768.740  ( 0.040) 16( 0,16) 15( 0,15) [ 86006]
462079.285  ( 0.080) 13( 5, 9) 12( 5, 8) [ 86006])
470335.604  ( 0.040) 13205, 7 11( 5, 6) [ 86006]
470954.721  ( 0.200) 15( 2,13) 14( 2,12) [ 86006]
470954.721  ( 0.200) 15( 3,13) 14( 3,12) [ 86006]
475612.842  ( 0.050) 16( 1,15) 15( 1,14) [ 86006)
475612.842  ( 0.050) 16( 2,15) 15( 2,14) [ 86006)
480336.475 ( 0.050) 17¢ 1,17) 16( 1,16) [ 86006]
480336.475 ( 0.050) 17( 0,17) 16( 0,16) [ 86006]
480336.475 ( 0.050) 17( 1,17) 16( 1,16) [ 86006]
482190.737  ( 0.050) 13( 6, 8) 12(6, 7) [ 86006]
482555.735 ( 0.040) 12( 6, 6) 11( 6, 5) [ 86006]
BCHCH,CH 19342.29 (005) 10( 6, 4) 10( 6, 5) [ 75050]
22602.59 (005) 5(3,2) 5(3,3) [ 750501
2412530 (005) 21,0 2(1,2 [ 75050]
29564.40 (005) 7( 4, 3) 7( 4, 4) [ 75050]
35161.58 (0.05) 1(0, 1) 0( 0, 0) [ 750501
35547.49 (005) 42,2 42, 3) [ 750501
36447.37 (0.05) 9 5 4 9( 5, 5) [ 75050]
ﬁH”CHzﬁH 18232.84 (005) 5(3,2) 5( 3, 3) [ 75050]
22134.49 (005) 7( 4, 3) (4, 4) [ 75050}
22845.80 ( 0.05) 2(1, 1) 2(1,2 [ 75050]
25361.12 ( 0.05) 9 5, 4 9( 5, 5) [ 75050]
3185921  ( 0.05) 42, 2) 4( 2, 3) [ 75050]
34642.43 (005) €01 0 0, 0) [ 75050)
39332.42 (0.10) 6( 3, 3) 6( 3, 4) [ 75050}
CDCH,CH 2070090  ( 0.10) 8( 5, 3) 8( 5, 4) [ 59017]
2374160  ( 0.10) 201, 1) 2(1,2) [ 59017]
25209.60 ( 0.10) 53, 2) 5( 3, 3) [ 59017]
2764920  ( 0.10 ) 10( 6, 4) 10( 6, 5) [ 59017}
33126.10 (0.10) 1(0, 1) 0( 0, 0) [ 59017]
3472660  ( 0.10) 7( 4, 3) 7( 4, 4 [ 59017]
35306.10 ( 0.10) 12( 7, 5) 12( 7, 6) [ 59017]
36498.70 (0.10) 4( 2, 2) 42, 3 [ 59017]
CHCHDCH 1903430  ( 0.10 ) 201, 1) 21,2 [ 59017]
24449.10 (0.10) 42, 2) 4 2, 3) [ 59017]
2763270 ( 0.10) 6( 3, 3) 6( 3, 4) [ 59017}
28790.10 ( 0.10) 12( 6, 6) 12( 6, 7) [ 59017]
2916530  ( 0.10 ) 8( 4, 4) 8( 4, 5) [ 59017]
29446.20 (0.10) 10( 5, 5) 10( 5, 6) [ 59017]
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TABLE 11.3. Microwave spectrum of cyclopropene — Continued CsH,
Isotopic Frequency Unc. JEK _,Ki) - J'K-,Ki) Ref.
species (MHz) (MHz)
32368.00 ( 0.10) 1(0, 1) - 000, 0 [ 59017]
37508.90 ( 0.10) (L2 - 313 [ 59017]
CDCH,CD 16449.774 (. 0.030) 4(3, 1) - 43,2 [ 69055]
1964790 ( 0.10) 11( 8, 3) - 11(8, 4 [ 59017]
21429.055 ( 0.030) 302, 1) - 302 2 [ 65055]
2312400 ( 0.10) 752 - 7S5 3) [ 59017}
25549.330  ( 0.020) 201, 1) - 21,2 [ 69055]
28955.50 ( 0.10) 1007, 3 - 107 4 [ 59017]
30819.70  ( 0.10) 6(4,2) - 6(4,3) { 590171
31687.35 (003) 1(0, 1) - 0(0, 0) [ 69055]
35471.348  ( 0.020) 202, 1) - 20,2 [ 69055]
37894.22 (002) 5(03,2) - 5(3,3) [ 69055]
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Table 12.1. Molecular constants for propyne and 3C-propyne in the
ground vibrational state.

Parameter CH,CCH 13CH,CCH CH;'3CCH CH,C!3CH

Rotational constants [79038]

B, (MHz) 8545.87712(6) 8313.2469(22) 8542.3321(17)  8290.2498(16)

Dy (kHz) 2.9423(7) 2.796(23) 2.936(17) 2.801(16)
Djx (kHz) 163.473(10) 155,201(61) 162.857(59) 155.533(57)
Dy2 (kHz)‘ 2983. 2991. 2984, 2991.

Hyyy (Hz) 0.0097(20) -0.044(62) -0.048(50) 0.117(45)
Hygx (Hz) 0.935(68) 0.84(20) 1.24(21) 0.78(18)
Hygg (Hz) 5.23(14) 5.09(67) 4.80(38) 5.56(57)

Dipole moment [66042]

u (D) 0.7804

Magnetic constants

gl 0.00350(15) [69064]
g" 0.295 [75055]
xLxj) 7.74(14)x107% erg/G2+mol [69064]
8" 4.82(23)x1072¢  esu+cm? [69064]

8Calculated from the force field in reference [76058].

Table 12.2. Molecular constants for deuterated species of CH,CCH.2

Species B, Co Dy Dyg eqQ(D) Reference
CH,CCD 7788.1699(26) --- 0.00287(38) 0.1414(25) 0.228(2)b [present]
CD,CCH  7355.7680(122) - 0.00227(40)  0.10386(26)C b [present]
CD,CCD 6734.32(5) --- ~0.002 0.09 [55018]
CH,DCCH 8155.67(10) 8025.46(10) ~0.003 0.13 [55018]
CHD,CCH 7765.73(10) 7630.99(10) ~0.002 0.13 [55018]
CH,DCCD  7440.77(10) 7331.96(10) ~0.001 0.12 [55018]
CHD,CCD 7095.09(10) 6982.56(10 --- 0.11 [55018]

Dipole moment for CD,CCH [70029]

u (K=0) = 0.78780(13) D
u (K=2) = 0.78765(21) D
u (K=3) = 0.78741(14) D

3Rotational, centrifugal distortion and hyperfine constants in MHz.

From reference [82035]. For CD,CCH eq,,Q = -0.0550(5) MHz, eq,,Q = 0.174(6) MHz and
cp = 0.06(9) kHz.

CFrom reference [70029].
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Table 12.3. Molecular constants for propyne in the vy=1 and vg=1
vibrational states.
ve=1 ve=2 vs=1
Parameter Excited State Excited State Excited State

Rotational Constants

137392,

8556.1996

0.00296

0.1672

2.2613

A, (MHz) 142433,
B, (MHz) 8551.0547
Dy (MHz)  0.00286
Dig (MHz) 0.1659

qy (MHz) 2.2592
Q12 (MHz)  -5.

ful (MHz) 0.00043
Co (MHz ) 1.000
(By-Cy+Cy Lo)7t (MHz)  0.0001174
nJ (MHz) 0.4645
Electric Dipole Moment

u 0.58(12)2 D
Reference [86019]

-10.

[86019]

8508.119(3)
0.0018(2)

0.169(1)

0.7954(10) D

{80038}

2From measurement of linewidth.

Table 12.4. Molecular constants for propyne in the v,, excited state.
Parameter? vyio=l v, o=2 Vie=3 Vyo=h
B,P (MHz)  8569.9919 8593.9546 8617.624 8640.569
Dy (MHz)  0.003018 0.00312 0.0086 0.002974
Dk (MHz) 0.1638 0.1642 0.1095 0.1653
p¥ (MHz)  0.001950 --- --- ---

aj (MHz)  4.193R 4.1938 4.1778 4,17786
q2/(By-Cy#,,) (MHz) -0.002051 --- --- ---
Yog (MHz) -0.2164 -0.2143 -0.1798
z (MHz) 0.889 0.750 0.76
a:, (MHz) -33.681 -37.64 -38.

dy, (MHz) 112.11 77.1 81.

Xga, (MHz) 147834. 144800.
ny (MHz) 0.4007 0.33714
n1j (MHz) 0.00149 0.00125
nJg (MHz) 0.00296 0.003
a1, (MHz) -24.280

Y10 (MHz) 0.123

Reference [69063] [85015) {86007] [86020]

83ee references cited for definition of the parameters.
ncertainties are a few units in the least significant figure.

B

Vio

=By - @y
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TaBLE 12.5. Microwave spectrum of propyne C:H,
Isotopic Frequency Unc. J K - JK" F' Fi - F" F{ Vib. Ref.
species (MHz) (MHz) state
CH;CCH 17016.231  ( 0.010) 1(0) - 0(0) lvs [ 80038]
17091.718  ( 0.030) (o) - 0(0) [ 84032]
17102.050 ( 0.050) 1(0) - 0(0) lvy €=+1 [ 84032]
17139.588  ( 0.050) 1(0) - 0(0) v €=+1 [ 84032)
- 17186.451  ( 0.100) 100) - 0(0) vy £=+2 [ 85015]
17187.337  ( 0.100) 1(0) - 0(0) 2w € =+0 [ 85015]
17232.13 (0.10) 1(0) - 0(0) 3vip £=+3 [ 86007]
17232.86 (0.10) 1(0) - 0(0) v £=+1 [ 86007]
1723336  ( 0.10) (0) - 0(0) v £=+1 [ 86007]
17277.010  ( 0.200) 1(0) - 0(0) 4vp £ =+4 [ 86020]
34031.744  ( 0.010) 200) - 1(0) 1vs [ 80038]
34032.416 ( 0.010) 21) - 1(1) lvs [ 80038]
34182.762  ( 0.005) 2(1) - (1) [ 80038]
34183.413  ( 0.005) 200) - 1(0) [ 80038]
34187.238 ( 0.050) 2(+1) - K+1) vy £=+1 [ 84032]
34202.900 ( 0.050) A+1) - 1(+1) lve £=—1 [ 84032]
34204.130  ( 0.050) 200) - 1(0) lys € =+1 [ 84032]
34223401  ( 0.050) 241 - 1(+1) vy £=+1 [ 84032]
34227.592 ° ( 0.200) A+1) - U+1D) 2vg £ =42 [ 86019]
34246.269  ( 0.050) 2A+1) - I(+D) v £=+1 [ 84032]
34277.184  ( 0.050) 2+ - I+1) v £=—1 [ 84032)
34279.161  ( 0.050) 200) - 1(0) v €=+1 [ 84032]
34313.523  ( 0.050) A+1) - 1(+1) v €=+1 [ 84032]
34369.481 ( 0.100) 2+1) - 1(+D o £=-2 [ 85015}
34373.015 ( 0.100) 200) - 1(0) e £=+2 [ 85015]
34373.759  ( 0.100) 2(1) - 1(1) up €= 0 [ 85015]
34374.513  ( 0.100) 200) - 1(0) e £=0 [ 85015]
3440240 ( 0.10) 2A=1) - (=1 v £=—1 [ 860071
34459.79  ( 0.10) 2+ - K+D v £=-3 [ 86007]
3446481  ( 0.10) 20) - 1(0) 3v £=+3 [ 86007]
3446550 ( 0.10) 20) - 1(0) v £=+1 [ 86007]
34467.96  ( 0.10) A+D - K+D v £=+3 [ 86007]
3453612 (0.10) 201) - 1(1) Bup =1 [ 86007]
34547.348  ( 0.200) 2A+1) - I(+1) 4vig £ =42 [ 86020]
34553.348  ( 0.200) 20) - 1(0) 4vio £=+4 [ 86020]
34556.808 ( 0.200) 2(—-1D - -1 dvy £=+2 1 86020]
34558.234  ( 0.200) 2+ - I+ 4vp £=10 [ 86020]
34561225  ( 0.200) 20) - 1(0) 4vip £=0 [ 86020
34561315  ( 0.200) A+D - 14D 4uyg € =+4 [ 86020]
34561.876  ( 0.200) 20) - 1(0) 4vio £ =42 [ 86020]
51271.000 ( 0.030) (2) - 22) [ 84032]
51273.980 ( 0.030) (1) - A1) [ 84032]
51274947 ( 0.030) 3(0) - 200) [ 84032]
51280.668 ( 0.050) W41 - 241D lvs £=+1 [ 84032]
51304.220 ( 0.050) 4 - 24D vy £=—1 [ 84032}
51306.073  ( 0.050) 3(0) - 2(0) vy £=+1 [ 84032]
51307.609 ( 0.050) (+2) - 2(+2) lvg £=+1 [ 84032]
51322344 ( 0.200) (=2 - A-2) vy £=+42 [ 86019}
51330.025  ( 0.200) (=1 - 2A=1) vy £ =42 [ 86019]
51334.949  ( 0.050) 4D - 2A+D v £=+1 [ 84032]
51340980 ( 0.200) A+ - A+ s £ =42 [ 86019]
51343.854 ( 0.200) H(+2) - 2+2) vy £ =+2 [ 86019]
51369.214  ( 0.050) (1) - 241 v £=+1 [ 84032]
51410612  ( 0.050) (+2) - 2+2) v €=—1 [ 84032}
51415471  ( 0.050) I(+1) - 2+ v £=—1 [ 84032]
51418341  ( 0.050) 3(0) - 2(0) e £=+1 [ 84032]
51418.915  ( 0.050) 3(+2) - 2+2) lve €=+1 [ 84032]
51469.901 ( 0.050) (+1) - 2+1) v £=+1 [ 84032)
51547.171  ( 0.100) 3(=2) - 2A=D Qv =42 [ 85015}
51553.774  ( 0.100) 3(+1) - 2+1) Qv £=—2 [ 85015]
51560.432 ( 0.100) 3(1) - 2(1) wp £=0 [ 85015]
51560.785  ( 0.100) (2) - 22) v £=0 [ 85015]
51561.503  ( 0.100) 3(0) - 2(0) v £=0 [ 85015]
51563.414 ( 0.100) I(+2) - 2A+2) e £=0 [ 85015]
5160290 ( 0.10) (=1 - 2A=1 3up £=—1 [ 86007}
51680.33  ( 0.10 ) (42 - 2A+2) 3vg £=—3 [ 86007
51689.32  ( 0.10) I(+2) - 2+2) v £=—1 [ 86007]
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TABLE 12.5. Microwave spectrum of propyne — Continued C;H,
Isotopic Frequency Unc. J K’ J"K" F' F{ - F" F{ Vib. Ref.
species (MHz) (MHz) state
51696.73  ( 0.10 ) 3(0) 2(0) e £=+1 [ 86007]
51698.18  ( 0.10) 3(0) 2(0) 3vi €=+3 [ 86007]
5170134 (010 ) 3(+2) 2(+2) v £=+1 [ 86007]
51701.89  ( 0.10) 3(+1) 2(+1) 3vig £ =43 [ 86007]
51803.54  ( 0.10) 3(1) 21) vp €= 1 [ 86007]
51804.910  ( 0.200) 3(-2) 2(~2) vy £ =+4 [ 86020]
51832710 ( 0.200) 3(=1) 2(~1) v £=+2 [ 86020}
51836.464  ( 0.200) 3(+1) 2+1) v £=0 { 86020]
51842.176  ( 0.200) 3(0) 2(0) v £=0 [ 86020]
51843421  ( 0.200) 3(+1) 2(+1) dvy £ =44 [ 86020]
51844.724  ( 0.200) 3(0) 200) v £=+2 { 86020]
51854.655 ( 0.200) 3(+2) 2(+2) 4up £=0 [ 86020]
51870.727  ( 0.200) 3(+2) 2(+2) v £=+4 [ 86020]
68354.502  ( 0.005) 4 3) 3(3) [ 78031}
68361.035 ( 0.001) 42) 3(2) [ 78031)
68364.956  ( 0.001) 41) 3(1) [ 78031)
68366.230  ( 0.030) 40) 3(0) [ 69063]
68373.872  ( 0.050) 4(+1) 3(+1) vy £=+1 [ 84032)
68384.644  ( 0.050) 4(+3) 3(+3) vy £=—1 [ 84032]
68394.941  ( 0.050) 4+2) 3(+2) vy £=—1 [ 84032)
68405.342  ( 0.050) 4(+1) 3(+1) vy £=—1 [ 84032}
68406.824  ( 0.050) 4(+3) 3(+3) vy £=+1 [ 84032]
68407.856  ( 0.050) 40) 3(0) Tvs £=41 [ 84032)
68409.668  ( 0.050) 4(+2) 3(+2) luy £ =+1 [ 84032]
68446.336  ( 0.050) 4+1) 3(+1) vy € =+1 [ 84032]
68447.100  ( 0.050) 4(+1) 3(+1) 20 £=0 [ 86019)
68448.633  ( 0.200) 40) 3(0) vy £=+2 [ 86019)
68448.875  ( 0.050) 40) 3(0) vg £=0 [ 86019]
68491.993  ( 0.030) H+1) 3(+1) v £=+1 [ 69063]
68454.518  ( 0.200) 4(+1) 3(+1) 2wy £ =42 [ 86019]
68457.956  ( 0.200) 4+2) 3(+2) vy £=+2 { 86019]
68538.052 ( 0.030) 4(43) 3(+3) v € =—1 [ 69063]
68547.148  ( 0.030) 4+2) 3(+2) v £=—1 [ 69063]
68553.602  ( 0.030) 4(+1) 3(+1) lvg £=—1 [ 69063)
68554.251 ( 0.030) 4(+3) 3(+3) v £=+1 [ 69063]
68557.333  ( 0.030) 40) 3(0) lvp £=+1 [ 69063]
68558.447 ( 0.030) 4+2) 3(+2) v £=+1 [ 69063]
68626.217  ( 0.030) 4+ (+1) lvp £=+1 [ 69063]
68737.665 ( 0.100) 4(+1) 3(+1) v £=—2 [ 85015]
68738.533  ( 0.100) 4 3) 3(3) 2up £=0 [ 85015]
68740.904  ( 0.100) 42) 3(2) vy £=0 [ 85015}
68746.134  ( 0.100) 41) 3(1) 2wy £=0 [ 85015)
68747.724  ( 0.100) 4 0) 3(0) Qv £=0 [ 85015]
68749.992  ( 0.100) 4(+2) 3(+2) Wi £=+2 [ 85015]
85431.224  ( 0.060) 5(4) 4 4) { 69063]
85442.528  ( 0.060) 5(3) 43) [ 69063)
85450.730  ( 0.060) 5(2) 42) [ 69063]
85455.622  ( 0.060) 5(1) A1) [ 69063]
85457.272  ( 0.060) 5(0) 40) [ 69063)
85614.570  ( 0.060) 5(+1) 4(+1) tvig € =+1 [ 69063]
85683.174  ( 0.060) 5(+2) 4(+2) v €=—1 [ 69063]
85684.002  ( 0.060) 5(+4) H+4) v £=+1 [ 69063)
85691.206  ( 0.060) 5(+1) 4(+1) v €=—1 [ 69063]
85692.374  ( 0.060) 5(+3) 4(+3) lug £=+1 [ 69063]
85695.638  ( 0.060) 5(0) 40) v €= +1 [ 69063]
85697.750  ( 0.060) 5(+2) 4(+2) v £=+1 [ 69063]
85782.322  ( 0.060) 5(+1) 4+1) Ivip €=+1 { 69063]
102499.110  ( 0.090) 6(5) 5(5) [ 69063)
102516.573  ( 0.090) 6(4) 5(4) [ 69063]
102530.348  ( 0.003) 6(3) 5(3) { 78031}
102540.145  ( 0.002) 6(2) 5(2) [ 78031)
102546.024  ( 0.001) 6 1) 5(1) [ 78031]
102547.984  ( 0.001) 6(0) 5(0) [ 78031]
102736.158  ( 0.090) 6(+1) 5(+1) v £=+1 [ 69063]
102766.158  ( 0.090) 6(+5) 5(+5) v £=—1 [ 69063]
102787.743  ( 0.090) 6(+4) 5(+4) lug £=—1 [ 69063]
102805.311  ( 0.090) 6(+3) 5(+3) v £=—1 [ 69063)
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TABLE 12.5. Microwave spectrum of propyne — Continued C:H,
Isotopic Frequency Unc. J K - JK F' F, - F" F{ Vib. Ref.
species (MHz) (MHz) state
102818.949  ( 0.090) 6(+2) - 5(4+2) vy € =—1 [ 69063]
102820.305 ( 0.090) 6(+4) - 5(+9) v €=+1 [ 69063]
102828.543  ( 0.090) 6(+1) - 5(+1D vy €=—1 [ 690631
102830.418  ( 0.090) 6(+3) - S5(+3) lvp €=+1 [ 69063]
102833.604 ( 0.090) 60) - 500) lvg €=+1 [ 69063]
102837.186  ( 0.090) 6(+2) - 5(+2) lvig €=+1 [ 69063]
102938.040 ( 0.090) 6(+1) - 5(+1) v £=+1 [ 69063]
119556.066 ( 0.060) 7(6) - 6(6) [ 69063]
119581.168  ( Q.060) (S) - 6(5) [ 69063]
119601.726  ( 0.060) (4) - 6(4) [ 69063]
119617.671 ( 0.005) 7(3) - 63) [ 78031]
119629.101  ( 0.002) 7(2) - 6(2) [ 78031]
119635.958  ( 0.002) () - 61) [ 78031])
119638.244 ( 0.001) 7(0) - 6(0) [ 78031]
119858.368  ( 0.060) (+1) - 6&+1) v £=+1 [ 69063]
119892.576  ( 0.060) T(+5) - 6(+5) v £=—1 [ 69063]
119917.696  ( 0.060) N+4) - 6(+4 v € =~1 [ 690631
119919.060 ( 0.060) H(+6) - 6(+6) v £=+1 [ 69063]
119938.214 ( 0.060) 7(+3) - 6(+3) v €=—1 [ 69063]
119939.884 ( 0.060) 7(+5) - 6(+5) v £=+1 [ 69063]
119954.032  ( 0.060) (+2) - 6(+2) v € =—1 [ 69063]
119956.112  ( 0.060) H+4) - 6(+4) v £=+1 [ 69063]
119965.098 ( 0.060) (+1) - 6(+1) lyp £=—1 [ 69063]
119968.032  ( 0.060) T(+3) - 6(+3) v £=+1 [ 69063]
119970.604  ( 0.060) (0) - 6(0) v €=+1 [ 69063]
119976.230  ( 0.060) H+2) - 6(+2) v €=+1 [ 69063]
120093.174  ( 0.060) (+1) - 6(+1) v £=+1 [ 69063]
136600.15 (030) 87) - 7)) [ 57014]
136634.03 (030) 8(6) - 7(6) [ 57014]
136662.74  ( 0.30 ) 8(S5) - TS5) [ 57014]
136686.19  ( 0.30 ) 8(4) - 4) [ 57014]
136704.502 ( 0.002) 8(3) - 73) { 78031}
136717.560 ( 0.002) 82) - 72) [ 78031]
136725.397 ( 0.001) 8 1) - 7(1) [ 78031)
136728.010 ( 0.001) 8(0) - 70) [ 78031]
153629.472  ( 0.050) 9(8) - 8 8) 1 78031]
153673.42¢ ( 0.030) 9(7) - 87) [ 78031]
153711.520 ( 0.030) 9q6) - 8(6) [ 78031]
153743.800 ( 0.030) 9(5) - 8(5) [ 78031]
153770.224  ( 0.030) 9(4) - B8(4) [ 78031]
153790.769  ( 0.002) 93) - 8(3) [ 78031]
153805.458  ( 0.002) 92) - 8(2) [ 78031]
153814273 ( 0.001) 91) - 81) [ 78031]
153817.212  ( 0.001) 90) - 8(0) [ 78031]
170746.05 (035) 0(7) - 97) [ 57014}
170788.29  ( 0.35) 1006) - 9(6) [ 57014]
170824.13  ( 035) 10(5) - 95) [ 57014]
170853.50 (035 ) 10(4) - 9(4) [ 57014]
170876.27 ( 0.35) 1003) - 93) [ 57014]
170892.59 ( 0.35) 1002) - 92) [ 57014]
170902.37 (0.35) 10( 1) 9 1) [ 57014]
170905.66  ( 0.35) 1(0) - 90) [ 57014]
187763.96 ( 0.40) 11( 8) 10( 8 ) [ 57014]
18781795 ( 040) 1(7) - 1(7) [ 57014]
18786442 ( 0.40) 1(6) - 10(6) [ 57014]
187903.96 ( 0.40) 1(s5) - 10(5) [ 57014}
187936.34  ( 0.40) 11(4) - 10(4) [ 57014]
187961.41 (040) 11(3) - 10(3) [ 57014]
187979.34  ( 0.40 ) 11(2) - 10(2) [ 57014}
187990.02 ( 0.40) (1) - 10(1) [ 57014]
187993.69 ( 0.40 ) 1(0) - 10(0) [ 57014]
204690.354 ( 0.050) 12(10 ) - 12(10) [ 78031]
204764.348  ( 0.050) 1209) - 1(9) [ 78031)
204889.088  ( 0.040) 12207) - 11(7) [ 78031}
204939.908  ( 0.050) 1206) - 11(6) [ 78031]
204982.869 ( 0.050) 12(5) - 1I(5) [ 78031]
205018.080 ( 0.050) 1204) - 11(4) [ 78031)
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TABLE 12.5. Microwave spectrum of propyne — Continued C3H.,
Isotopic Frequency Unc. JJK - J'K" F Fy - F" F} Vib. Ref.
species (MHz) (MHz) state
205065.015  ( 0.050) 1202) - 11(2) [ 78031]
205076.775  ( 0.050) 12(1) - 11(1) [ 78031}
205080.660 ( 0.050) 1200) - 11(0) [ 78031]
221824.368 ( 0.050) 13(9) - 12(9) [ 78031]
221959.38 ( 0.45) 13(7) - 12(7) [ 57014}
222014.448 ( 0.050) 13(6) - 12(6) [ 78031]
222060.95 (045) 13(5) - 12(5) [ 57014]
222099.05 (045) 13(4) - 12(4) [ 57014}
222128.808  ( 0.050) 13¢3) - 12(3) [ 78031]
222149.80 ( 045) 13(2) - 12(2) [ 57014]
22216246  ( 045) 13(1) - 12(1) { 57014)]
222166.790  ( 0.005) 13(0) - 12(0) [ 78031]
238484.892  ( 0.090). 1413 ) - 13(13) [ 78031)
238597.896  ( 0.060) 1412 ) - 13(12) [ 78031]
238883.496 ( 0.060) 1409) - 13(9) [ 78031)
238960.752  ( 0.060) 14(8) - 13(8) [ 78031)
239088.144  ( 0.030) 14(6) - 13(6) [ 78031)
239138.04 ( 0.50) 1405) - 13(5) { 78031)
239179.248 ( 0.030) 1404) - 13(4) [ 78031]
239211.216 ( 0.020) 14(3) - 14(3) [ 78031)
239234.011 ( 0.020) 14(2) - 13(2) [ 78031]
239247.727  ( 0.007) 14(1) - 13(1) [ 78031)
239252.296 ( 0.003) 1400) - 13(0) [ 78031]
BCH;CCH 33252.22 (003) (1) - (1) [ 50022)
33252.88 (0.03) 200) - 1(0) [ 50022]
66503.98 (003) 441) - 3(1) [ 78031]
99710.02 (003) 65) - 55) [ 78031}
99726.79 (003) 6(4) - 5(4) [ 78031]
99739.77  ( 0.03 ) 6(3) - 53) [ 78031}
99749.10 (003 ) 6(2) - 5(2) [ 78031]
99754.70  ( 0.03 ) 6(1) - 5(1) [ 78031]
99756.55 (003) 6(0) - 50) [ 78031]
116362.10  ( 0.03 ) 7(3) - 6(3) [ 78031]
116372.96 (003) (2) - 6(2) [ 780311
116379.48 (003) (1) - 61) [ 78031]
116381.65 (003) 70) - 6(0) [ 78031]
132916.94  ( 0.03) 8 6) - T(6) [ 78031)
132944.31 (003) 8(5) - 175) [ 78031]
132966.54  ( 0.03 ) 8(4) - 7(4) [ 78031]
132983.87 (0.03) 8 3) - 7(3) { 78031)
132996.26 (003) 8(2) -~ 7(2) [ 78031]
133003.74  ( 0.03 ) 8(1) - 1) [ 78031}
133006.22 (003) 8 0) - 7(0) [ 78031]
149529.91 (003) 9(6) - 8(6) [ 78031]
149585.65 (0.03) 9(4) - B8(4) [ 78031]
149605.14 (003) 93) - 8(3) [ 78031]
149619.10  ( 0.03 ) 9(2) - 8(2) [ 78031}
149627.46 (003) 91) - 8(1) [ 78031]
14963026  ( 0.03 ) 9(0) - 8(0) [ 780311
232389.79 (003) 14(09) - 13(9) [ 78031]
232463.11 (0.03) 14(8) - 13(8) [ 780311
232584.12 (003) 1406) - 13(6) [ 78031]
232631.81 (0.03) 14(5) - 13(5) [ 78031]
232670.76 (003) 14(04) - 13(4) [ 78031}
232701.07 (003) 14(3) -~ 13(3) { 78031]
232722.70 ¢ ( 0.03) 14(2) - 13(2) [ 78031]
232735.78 (003) 14( 1) -~ 13(1) { 78031]
232740.07 (003) 14(0) ~ 13(0) [ 780311
CH,;"*CCH 34168.47 (0.10) 1) -~ (1) [ 50022]
34169.13 (0.10 ) 20) ~ 1(0) [ 50022]
68326.19 (003) 43) -~ 3(3) [ 78031}
68332.72 (003) 42) ~ 3(2) [ 78031]
68336.61 (003) 1) ~ 3(1) [ 78031]
102456.65 (003) 6(5) -~ 55) [ 78031]
10247422 (003 ) 6(4) ~ 54) [ 78031]
102487.86 (003) 6(3) ~ 53) [ 78031]
102497.64 (003 ) 6(2) ~ 5(2) [ 78031]
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TABLE 12.5. Microwave spectrum of propyne — Continued Cs;H,
Isotopic Frequency Unc. J K J"K" F'F - F" F} Vib. Ref.
species (MHz) (MHz) state
10250346  ( 0.03 6( 1) 5(1) [ 78031]
102505.41 (0.03) 6( 1) 5(1) [ 78031]
119568.11  ( 0.03 ) 7(3) 6(3) [ 78031]
119586.37  ( 0.03 ) 8(1) 6(1) [ 78031]
119588.64  ( 0.03 ) 8(0) 6(0) [ 78031]
136577.67  ( 0.03 ) 8(6) 7(6) [ 78031]
136606.29  ( 0.03 ) 8(5) 7(5) [ 78031]
136629.64  ( 0.03 ) 8(4) (4) [ 78031]
136647.86  ( 0.03 ) 8(3) (3) [ 78031]
136660.87  ( 0.03 ) 8(2) 7(2) [ 78031]
136668.71 (003) 81) (1) [ 78031]
136671.34 (003 ) 8(0) 7(0) [ 78031]
15364806  ( 0.03) 9( 6) 8( 6) [ 78031}
153680.22  ( 0.03 ) 9(5) 8(5) [ 78031]
153706.59  ( 0.03 ) 9 4) 8(4) [ 78031}
153727.01 (0.03) 9(3) 8(3) [ 78031]
15374168  (0.03) 9 2) 8(2) [ 78031]
15375047  ( 0.03) 9 1) 8(1) -[ 78031]
153753.37  (0.03) 9(0) 8(0) [ 78031]
204680.53 (003) 12(9) 11(9) [ 78031]
20474649  ( 0.03 ) 12( 8) 11( 8) [ 78031}
204855.33 (003) 12( 6) 11( 6 ) [ 78031]
204898.17  ( 0.03) 12(5) 11(5) [ 78031]
204933.24  ( 003) 12( 4) 11 4) [ 78031]
204960.52  ( 0.03) 12(3) 11 3) [ 78031]
204980.07 ( 0.03) 12(2) 11(2) [ 78031]
204991.68  ( 0.03 ) 12(1) 11( 1) [ 78031}
204995.65  ( 0.03 ) 12(0) 11( 0) [ 78031]
221653.61 (003) 13(10 ) 12(10 ) [ 78031]
221733.38 (003) 13(9) 12(9) [ 78031]
221804.98  ( 0.03) 13( 8) 12( 8) [ 78031]
221868.10  ( 0.03) 13(7) 12(7) [ 78031]
221922.88  ( 0.03 ) 13(6) 12( 6) [ 78031}
221969.18  ( 0.03) 13(5) 12(5) [ 78031]
222036.66 (003 ) 13(3) 12(3) [ 78031]
22205779  (0.03) 13(2) 12(2) [ 78031}
222070.52 ( 0.03) 13( 1) 12(1) [ 78031]
22207470 ( 0.03 ) 13(0) 12(:0) [ 78031}
23915294  ( 0.03 ) 14(0) 13(0) [ 78031]
CH;CY®CH 33160.35  ( 0.03) 2 1) 1(1) [ 50022]
3316094  ( 0.03) 2(00) 1(0) [ 50022]
66310.05 (003) 4 3) 3(3) [ 78031]
66320.01 (003) 41) (1) [ 78031}
9943395 (0.03) 6(5) 5(5) [ 78031]
99450.75  ( 0.03 ) 6(4) 5(4) [ 78031]
99463.77  (0.03) 6(3) 5(3) [ 78031]
99473.07 (0.03) 6(2) 5(2) [ 78031}
99478.69 (003 ) 6(1) 5(1) [ 78031]
99480.52  ( 0.03 ) 6(0) 5(0) [ 78031]
116040.13  ( 0.03 ) 7 3) 6(3) [ 78031]
116051.01 (003) 7(2) 6(2) [ 780311
116057.53 (0.03) (1) 6(1) [ 78031]
116059.70  ( 0.03 ) 7(0) 6(0) [ 78031]
132548.86  ( 0.03 ) 8(6) 7(6) [ 78031]
132576.16  ( 0.03 ) 8(5) (5) [ 78031]
132598.52  ( 0.03 ) 8( 4) (4) [ 78031]
13261592 (003) 8(3) 7(3) [ 78031}
132628.35 (003) 8(2) (2) [ 78031]
132635.81 (003) 8( 1) 1) [ 78031]
132638.26  ( 0.03 ) 8(0) 7(0) [ 78031]
149115.84  ( 0.03 ) 9 6) 8(6) [ 78031]
149146.51 (0.03) 9 5) 8(5) [ 78031}
149171.62  ( 0.03) 9 4) 8(4) [ 78031]
149191.26  ( 0.03 ) 9(3) 8(3) [ 78031]
149205.18  ( 0.03 ) 9(2) 8(2) [ 78031]
149213.55  ( 0.03) 9 1) 8(1) [ 78031]
149216.35 (0.03) 9 0) 8(0) [ 78031]
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TABLE 12.5. Microwave spectrum of propyne — Continued CsH,
Isotopic Frequency Unc. JK' - J'K” F' F| - F" F} Vib. Ref.
species (MHz) (MHz) state
215324.65 ( 0.03) 13(7) 12(7) [ 78031]
21537695 ( 0.03) 13( 6) 12( 6) [ 78031]
215421.31 (003) 13(5) - 12(5) [ 78031]
215457.58  ( 0.03 ) 1304) - 12(4) [ 78031]
215485.82 (0.03) 13(3) - 12(3) [ 78031]
21550596  ( 0.03 ) 13(2) - 12(2) [ 78031]
215518.12  ( 0.03) 13(1) - 12(1) [ 78031)
215522.17 ( 0.03) 13(0) -~ 12(0) [ 78031}
231745.61 (0.03) 14(9) -~ 13(9) [ 78031)
231819.11 (003) 1408) -~ 13(8) [ 78031]
231884.04 ( 0.03) 14(07) ~ 13(7) [ 78031]
231940.37 ( 003) 1406 ) ~ 13(6) [ 78031]
23202720  ( 0.03) 14(4) - 13(4) [ 78031]
232057.54  ( 0.03) 14(3) ~ 13(3) [ 78031}
232079.26  ( 0.03 ) 14(2) -~ 13(2) [ 78031]
232092.26  ( 0.03) 1401) ~ 13(1) [ 78031]
232096.61 (003) 14(0) ~ 13(0) [ 78031]
CH,CCD 15576.309  ( 0.001) 1(0) - 0(0) 2 52 -1 52 [ 820351
15576.317  ( 0.001) 1(0) -~ 0(0) 2 32 -1 372 [ 82035]
15576.321  ( 0.001) 0) - 0o(0) 2 772 - 1 52 [ 82035)
15576.328  ( 0.001) 1(0) -~ 0(0) 2 172 -1 122 [ 82035]
15576.379  ( 0.001) 1(0) -~ 0(0) 1172 - 1 112 [ 82035]
15576.385  ( 0.001) 1(0) ~ 0(0) 1 52 -1 52 [ 82035]
15576.393  ( 0.001) 1(0) ~ 0(0) 1 .32 -1 32 [ 82035]
3115200 (0.10) 2(1) -~ (1) [ 50022]
3115256  ( 0.10) 2(0) -~ 1(0) [ 50022]
4672532  ( 0.10) 3(2) - 2(2) [ 55018]
46727.86  ( 0.10) (1) - 2(1) [ 55018]
4672872  ( 0.10) 3(0) -~ 2(0) [ 55018]
CD;CCH 14711.523  ( 0.001) 1(0) - 0(0) 1 -3 [ 82035]
14711.531  ( 0.001) (0) - O(0) 2 -3 [ 82035]
14711.566  ( 0.001) 1(0) - 0(0) 4 -3 [ 82035)
29422.50  (0.10) 2(1) - 1(1) [ 55018])
2942289 (0.10) 2(0) - I(0) [ 55018]
4413176  ( 0.10) 3(2) - 202) [ 55018]
4413362 (0.10) 3(1) -~ 2(1) [ 55018]
44134.19 ( 0.10) 3(0) - 2(0) [ 55018]
58845.565 ( 0.015) 440) - 3(0) [ 70029]
CD;CCD 26936.87 (0.10) 201) - 1(1) [ 50022]
26937.24 (0.10) 2(0) - 1(0) [ 50022}
40403.60 ( 0.10) 3(02) - 2(2) [ 55018]
40405.21 (0.10) (1) - 21y [ 55018)
40405.75  ( 0.10) 3(0) - 200) [ 55018]
CH,DCCH 16181.12  ( 0.10) 10,1y - 0(0,0 [ 55018}
3223144  (010) 21,2 - 1(L D [ 55018]
3236208 (0.10) 20,2 - (01 [ 55018]
3249186 ( 0.10) 2L, 1) - 1(1,0) [ 55018]
4834690 (0.10) 3(L,3) - 21,2 [ 55018]
4853996 ( 0.10) 32,2 - 22, [ 55018]
4854033  (0.10) 302, 1) - 2020 [ 55018]
4854262 (0.10) 3(0,3) - 20,2 [ 55018]
4873752  (0.10) 31,2 - 2L, D [ 55018]
CHD,CCH 30658.07 (0.10) 21,2 - I(CL0D [ 55018]
30793.13  (0.10) 2(0,2) - 10, 1 [ 55018]
3092755 ( 0.10) (LD - 1L O [ 55018])
45986.74 ( 0.10) 31,3 - 21,2 [ 55018]
4618684 ( 0.10) 3(2,2 - 20201 [ 55018)
4618746 ( 0.10) 3(2, 1) - 2020 [ 55018]
46189.01 (0.10) (0,3 - 2002 [ 55018}
46391.00 (0.10) 31,2 - 21,1 [ 55018]
CH,DCCD 29436.09 ( 0.10) 2L2) - LD [ 55018])
2954533  (0.10) 2(0,2) - 1(0, 1) [ 55018]
29653.70  ( 0.10) 2(1L, 1) - 11,0 [ 55018]
4415410 (0.10) 3,3 - 21,2 [ 55018}
4431524  ( 0.10) 302,2) - 202,01 [ 55018]
4431550 (0.10) 3(2, 1) - 2020 [ 55018]
44317.72 (0.10) 3(0,3 - 200, 2 [ 55018]
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TABLE 12.5. Microwave spectrum of propyne — Continued C;H,
Isotopic Frequency Unc. J'K' - J'K" F' F, - F" F{ Vib. Ref.
species (MHz) (MHz) state
4448044 ( 0.10) 3(1L,2 - 2L 1) [ 55018}
CHD,CCD 28042.28  ( 0.10) 21,2 - 1(1,1 { 55018}
28155.14  ( 0.10) 20,2 - 1(0, 1) [ 55018]
28267.33  ( 0.10) 21,10 - 1(1,0 [ 55018]
42063.15 (0.10) 3(L3) - 2L [ 55018]
42230.22 (010) 32,2 - 2201 [ 55018]
42230.61 (0.10) 3(2,1) - 22,0 [ 55018]
4223230 (0.10) 3(0,3 - 20,2 [ 55018]
4240070  ( 0.10) (L2 - 214, D [ 55018]
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Table 13.1. Molecular constants for the ground state of propylene from
fitting internal rotation and the A state alone.

Fit to A and E States Fit to A State
Parameter Value? Parameter Value
A (MHz) 46280.33(23) A" (MHz) 46290.523(204)
B (MHz) 9305.238(25) B"  (MHz) 9305.354(25)
C  (MHz) 8134.214(23) c' (MHz) 8134.314(21)
Ay (MHZ) 0.00655(83) T, (MHz) 0.0174(352)
Agg (MHz) -0.0264(84) T,  (MHz) -0.0141(60)
Ay (MHzZ) 0.479(49) 1y (MHz) 1.037(130)
83 (MHz) 0.001238(312) Taaaa (MHz) -2.794(154)
sy (MHz) -0.0291(22) Thbbb (MH2) -0.0348(23)
I, (uk?) 3.16 Tecee (MHZ) -0.0151(20)
8 24.84°
Vs (em-1) 687.87(7)

3Uncertainties lg.
Uncertainties 2o.

Table 13.2. Dipole moment and Zeeman constants Table 13.3. Molecular constants for
for propylene. propylene (CH,CH=CH,) in
excited torsional states.
Parameter Value
v=1 v=2
Parameter State State
Electric Dipole Moment [57015]
Mg 0.360(1) D A (MHZ) 46280.2 46280.2
Hp 0.05(2) D B (MHz) 9293.902 9282.001
Zeeman Parameters [69065] Cc (MHZ) 8138.561 8142.708
8aa -0.0789(6) uy I, (uk?) 3.1602 3.1602
8bb ‘0.0424(4) LlN 6 (24.8“) (24.6°)
ce +0.0107(5) uy Aa 0.90762 0.90898
2Xaa"Xbb~Xcc -0.74(3)x10 %erg/G2-mol Ap 0.41980 0.41684
“Xaat2Xbb~Xec +13.4(5)x10"®erg/G2? *mol Vy, (em™1) 697.48 703.65
Qaa 0.6(3)x10"2%esu-cm? s 43.652 44.005
Qpb 2.9(5)x10" 2¢esu-cm? F (em™1) 7.1010 7.1063
Qcc -3.5(7)x10"2%esu-cm? Reference [66045] [66045]

8Values fixed in the analysis.
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Table 13.4. Molecular constants for the deuterated propylene
species t-CHDCHCH,; and CH,CDCH, in the ground and
excited torsional states. [66045]
t-CHDCHCH 4 CH,CDCH,
Parameter v=0 v=1 v=0 v=1
A (MHz) 45912.63 45912.62 38154.22 38154.22
B (MHz) 8548.01 8538.45 9301.81 9290.65
C (MHz) 7542.20 7546.21 7837.18 7839.64
I, (uk?) 3.162 3.162 3.162 3.162
Aa 0.924 0.913 0.897 0.909
Ap 0.381 0.408 0.442 0.415
Vy (em™1) 691. 699.1 688. 698.9
s 43,0 43.78 45.6 46.19
F (em™) 7.144 7.096 6.697 6.731

dFixed value.

Table 13.5. Rotational constants for substituted isotopic forms
of propylene.

Species A (GHz) B (MHz) C (MHz) Reference
13CH, CHCH, 46.00(20)  9048.33(5)  8430.84(5)  [61013]
CH,13CHCH, 45.30(20) 9304.15(5) 8107.14(5) [61013]
CH,CH!3CH, 46.17(20) 9047.94(5) 7932.98(5) [61013]
c-CHDCHCH 4 40.22(20) 9040.09(5) 7729.65(5) [61013]
s-CH,CHCH,D 40.59(20) 9066.99(5) 7765.98(5) [61013]
a-CH,CHCH,D 43.26(20) 8659.02(5) 7718.11(5) [61013}
s-CH,CDCH,D 34.06 9058.28 7483.72 [66044]
t-CDHCDCH , 33.71 9038.74 7451.01 [66044]
c~-CDHCHCH, D 35.71 8821.61 7397.33 [66044]
a-CH,CDCH,D 36.18 8654.53 7449.49 [66044]
¢-CHDCDCH 4 37.96 8546.43 7289.36 [66044]
a-CH,CHCD,H 38.22 8469.44 7395.45 [66044]
ca~CDHCHCH,D 38.20 8411.37 7340.45 [66044]
CD,CHCH, 39.82 8347.03 7203.75 [66044]
ts-CHDCHCH,D 40.36 8324.23 7210.16 [66044]
s~-CH,CHCHD, 39.73 8111.44 7370.87 [66044]
ta-CHDCHCH,D 43.04 7976.26 7164.02 [66044]
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TABLE 13.6. Microwave spectrum of propylene C;H,
Isotopic Frequency Unc. J(K_1,K,1) J"(K_,Ki1) w Sym. Ref.
species (MHz) (MHz)

CH,CHCH; 8586.71 (020) 92,7 9( 2, 8) 0 A [ 66045]
8588.64 (020) 92,7 9 2,8 0 E [ 66045]
9409.09 (020) 6( 2, 4) (1,7 0 E [ 66045]
9447.61 (020) 6( 2,49 (L7 0 A [ 66045]
9845.22 (0.20) 16( 3,13) 16( 3,14) 0 A [ 66045]
9848.63 (020) 16( 3,13) 16( 3,14) 0 E [ 66045]

1170732 (0.20) 41, 3) 41, 4) 0 E [ 66045]
11708.48 (020) 40 1,3) 41,4 0 A [ 66045]
12592.45 (020) 10( 2, 8) 10( 2, 9) 0 A [ 66045]
12594.41 (020) 10( 2, 8) 10( 2, 9) 0 E [ 66045]
13687.19 (020) 17( 3,14) 17( 3,15) 0 A [ 66045]
1369120 (020) 17( 3,14) 17( 3,15) 0 E [ 66045]
16367.68 (020) 3(0 3 2( 4,2 0 A [ 66045]
16382.24  ( 0.20) 3(0,3 2(1,2) 0 E [ 66045]
1690120 (020) 402,3) 5( 1, 4) 0 A [ 66045]
16856.49 (020) 402, 3) 5(1,4) 0 E [ 66045]
17228.89 (020) (o, 1 0( 0, 0) 2 E [ 66045]
17429.51 (020) 1(0, 1) 0( 0, 0) 1 A [ 66045]
17434.19 (020) 1(o, 1) 0( 0,0) 1 E [ 66045]
17439.439  ( 0.200) 1(0, 1) 0( 0,0 0 A [ 66045]
17439.439  ( 0.200) 1(0, 1) 0( 0, 0) 0 E [ 66045]
17468.52 (020) 1(0, 1) 0( 0,0) 2 A [ 66045]
17553.02 (020) 5( 1, 4) 5( 1,5 0 E [ 66045)
17554.97 (020) 5( 1,4 5( 1, 5) 0 A [ 66045]
17688.22 (020) 11( 2,9 11( 2,10) 0 A [ 66045]
17690.37 (020) 11( 2,9 11( 2,10) 0 E [ 66045]
18550.81 (0.20) 18( 3,15) 18( 3,16) 0 A [ 66045]
18555.61 (020) 18( 3,15) 18( 3,16) 0 E [ 66045]
21594.51 (020) 5(2,3) 6( 1,6) 0 E [ 66045)
21632.43 (020) 5(2,3) 6( 1, 6) 0 A [ 66045]
23954.23 (020) 12( 2,10) 12( 2,11) 0 A [ 66045]
23956.64 (020) 12( 2,10) 12( 2,11) 0 E [ 66045]
24555.02 (020) 6( 1, 5) 6( 1, 6) 0 E [ 66045]
24556.41 (020) 19( 3,16) 19( 3,17) 0 A [ 66045]
24557.85 (020) 6( 1, 5) 6( 1, 6) 0 A [ 66045]
24562.05 (020) 19( 3,16) 19( 3,17) 0 E [ 66045]
25149.89 (0.20) 7 1, 6) 6( 2, 5) 0 A [ 66045]
25187.87 (020) (1, 6) 6( 2, 5) 0 E [ 66045]
31438.71 (020) 13( 2,11) 13( 2,12) 0 A [ 66045]
31441.25 (020) 13( 2,11) 13( 2,12) 0 E [ 66045]
32698.96 (020) (1,6) 1,7 0 E [ 66045]
32702.89 (020) (1, 6) (L7 0 A [ 66045]
33707.783  ( 0.200) 2(1,2) L 0 A [ 66045]
33708.23 (020) 2(1,2) (LY 0 E [ 66045]
33708.48 (0.20) 2(1,2) (LY 1 A [ 66045]
33742.16 (020 ) 21,2 1ICLY 2 A [ 66045]
3408790 (020 ) 2(1,2) 11, 1) 1 E [ 66045]
. 34462.18 (020) 20,2 1(0, 1) 2 E [ 66045]
34832.16 (020) 20,2 1(0,1) 1 A [ 66045]
3484170 (020 ) 2(0,2) 1€ 0, 1) 1 E [ 66045]
34851.335 ( 0.200) 2( 0,2 (o 0 A [ 66045]
34851.335  ( 0.200) 2(0,2) 1(0, 1) 0 E [ 66045]
34865.35 (020) 2L 1( 1,0 2 E [ 66045]
3491242  (0.20) 2(0,2) 1(0, 1) 2 A [ 660451
35003.09 (020) 2L 1( 1, 0) 2 E [ 66045]
35649.85  ( 0.20 ) 2(1,1) 1( 1, 0) 1 E [ 66045)
36011.62 (020) 2L 1( 1,0) 1 A [ 66045]
36049.233  ( 0.200) 21,1 1( 1,0) 0 E [ 66045]
36050.132  ( 0.200) 2L, 1 1( 1,0) 0 A [ 66045]
36112.68 (020) 201, 1) 1( 1,0 2 A [ 66045]
BCH,CHCH, 32841.16 ( 0.10) 2(1,2) (L 0 A [ 61031]
33933.42 (0.10) 2(0,2) (o1 0 A [ 61031]
35075.17 (0.10) 2L 1(1,0) 0 E [ 61031]
35076.09 (0.10) 2L 1( 1,0 0 A [ 61031]
CH,"*CHCH;, 17411.29 (003) (0, 1) 0( 0,0 0 A [ 57015]
33625.62 (003) 21,2 (L 0 A [ 57015]
33626.01 (003) 21,2 (LD 0 E [ 57015]
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TABLE 13.6. Microwave spectrum of propylene — Continued C3H,
Isotopic Frequency Unc. JEK _,Ka) - J'(K-,Ky) » Sym. Ref.
species (MHz) (MHz)

34793.13 (003) 20,2 - 1(0 1) 0 E [ 57015]

34793.38 (003) 200,2) - 1(0 1) 0 A [ 57015])

36019.03 (003) AL - 1(14,0) 0 E [ 57015}

36019.84 (003 ) 20141 - 11,0 0 A [ 57015}

CH,CH"CH;, 3284720 (0.10) 2(14L,2 - (LY 0 A [ 61013]
33937.14 (0.10) 2002 - (o1 0 A [ 61013]

35076.09 (0.10) 2L - 14,0 0 E [ 61013}

35077.02 (0.10 ) LD - 1(L0) 0 A [ 61013]

¢-CHDCHCH; 32229.17 (005) 21,2 - (LY 0 A [ 61013]
33499.06 ( 0.05) 2002 - (01 0 A [ 61013]

34849.69 (005) AL - (L0 0 E [ 61013]

t-CHDCHCH, 6082.05 (020) 1(0, 1) - 00,0 1 A [ 66045]
16085.73 (020) 1(0, 1) - 0(0,0 1 E [ 66045]

16090.177  ( 0.200) 1(0,1) - 0(0,0 0 AE [ 66045]

31174.65 (0.20) 21,2 - 1(LY 0 A [ 66045}

3117524 (020 ) 21,2 - (LY 0 E [ 66045]

31175.25 (020) 21,2 - 1(L1Y 1 A [ 66045}

31547.55 (020) 21,2 - (L1 1 E [ 66045}

3214441 (0.20) 2(0,2) - 1(0 1) 1 A [ 66045]

32151.89 (020) 20,2) - (01 1 E [ 66045]

32160.32 (020) 2(0,2) - 101 0 A [ 66045]

32160.32 (020) 200,2) - 1(01) 0 E [ 66045]

32796.00 (020 ) 20L1) - 1(4,0) 1 E [ 66045]

3315444 (1 020) 201, 1) - 11,0 1 A [ 66045]

33185.491 ( 0.200) 20LD) - 1(LO 0 E [ 66045]

33186.386  ( 0.200) 2L - 11,0 0 A [ 66045]

CH,CDCH; 17128.02 (020) (0, 1) - 0(0,0 1 A [ 66045]
17131.31 (020) 1(0,1) - 0(0,0 1 E [ 66045]

17138.997 ( 0.200) (0, 1) - 0(0,0 0 AE [ 66045]

32807.79 (020) L) - 1L 1 E [ 66045]

32813.399 ( 0.200) 2152 - (LY 0 A [ 66045]

32813.453 ( 0.200) 21,2 - 1(LY) 0 E [ 66045)

32985.41 (020) 2L - (L) 1 E [ 66045]

34202.14 (020) 20,2 - 1(0O ) 1 A [ 66045]

34209.03 (020) 200,2) - 1(O 1D 1 E [ 66045]

34223.637 ( 0.200) 20,2 - 1(O 1D 0 A [ 66045]

35540.31 (0.20) 2L, - 1(L0) 1 E [ 66045]

35705.11 (0.20) 2(1L1) - (L0 1 A [ 66045]

35742.374 ( 0.200) 2L, 1) - 1(L,0) 0 E [ 66045]

35742775  ( 0.200) 2L - 11,0 0 A [ 66045]

sym-CH,CHCH,D 1683290 ( 0.15) (0, 1) - 00,0 0 [ 58009]
32364.93 (005) 21,2 - (L1 0 A [ 61013]

33626.41 (005) 200,2) - 101 0 A [ 61013]

34966.94  ( 0.05) 2L, D) - 1(1L0) 0 A [ 61013]

asy-CH,CHCH,D 8370.50 ( 0.05) 17( 3,14) - 17( 3,15) 0 [ 68047]
8831.43 (005) 10( 2,8 -~ 10( 2, 9) 0 [ 68047]

9407.14  ( 0.05) 41,3 - 41,4 0 [ 68047]

11444.67 (005) 18( 3,15) - 18( 3,16) 0 [ 68047]

12481.33 (005) 11 2,9) - 11( 2,10 0 [ 68047]

14106.06  ( 0.05) 51,4 - 51,5 0 [ 68047}

16377.116  ( 0.100) 1(0,1) - 0(0,0 0 [ 70066]

16379.54 (005) 1(0,1) - 0(0,0) 1 E [ 70066]

16379.99 (005) 1(0, 1) - 0(0,0 1 A [ 70066]

17018.66  ( 0.05 ) 12( 2,100 - 12(.2,11) 0 [ 68047]

19737.07 (005) 6( 1,5 - 61,6 0 [ 68047]

22500.50 ( 0.05) 13( 2,11) - 13( 2,12) 0 [ 68047]

26291.77 (005) (1,6 - LD 0 [ 68047]

28961.55 (005) 14( 2,12) - 14( 2,13) 0 [ 68047]

31399.682 ( 0.050) 21,2 - 1L, 1) 1 E-A [ 68047]

3181336  ( 0.05) 20,2 - 1L, 1 0 A [ 61013]

31852.17 (005) 2(1,2 - 1LY 1 A [ 68047]

31953.879 ( 0.05) 2(1,2 - 1L 0D 1 E [ 68047}

3273534 (0.05) 200,2) - 10O 1) 0 A [ 61013]

32740.49 (005) 200,2) - 1(0, 1 1 E [ 70066]

32741.51 (005) 200,2) - 10, 1) 1 A [ 70066]

33565.347 ( 0.050) 2L, D - 1(1,0) 1 A [ 68047]

33667.14  ( 0.05) LD - 1(1,0 1 E [ 68047]
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TABLE 13.6. Microwave spectrum of propylene — Continued Cs;Hg
Isotopic Frequency Unc. JK_,Ky) - J'(K_,Ki) w Sym. Ref.
species (MHz) (MHz)
33695.17 (005) 2(1L,1) - 11,0 0 A [ 61013]
34119.667 ( 0.05) 3(0L3) - 21,2 1 A-E [ 68047]
47744.37 (005) 3(L3) - 21,2 1 A [ 68047]
47751.57 ( 005) 3(L3) - 21,2 1 E [ 68047]
49055.60 (010) 3(00,3) - 2(0,2 0 [ 70066]
49064.24 (005) 3(0,3) - 2(0,2 1 E [ 70066]
49066.05 (0.05) 3(0,3) - 20,2 1 A [ 70066]
49133.40 (010) 3(02,2) - 201,01 0 A [ 70066]
49135.28 (0.10) 3(02,2) - 214, D 0 E [ 70066]
49163.01 (0.05) 3(2,2) - 202, ) 1 A [ 70066]
49169.39 (0.05) 3(2,2) - 22,1 1 E [ 70066]
49191.66 ( 0.05) 302,1) - 202, 0) 1 A [ 70066]
49196.04 (005) 3(2,1) - 202 0 1 E [ 70066]
49202.95 (0.10) 302,1) - 2020 0 A [ 70066]
49204.77 (0.10) 3(2,1) - 2020 0 E [ 70066]
50503.25 (0.05) 3(L2) - 21,1 1 A [ 68047]
50510.57 (005) 3I(L2) - 21,1 1 E [ 68047]

Table 13.1A. Molecular constants for cyclopropane-1,1-d,. [87019]

Parameter

¢D,CH,GH,

GH,CH,GH,? Ynzcnzgvzb

A (MH2)
B (MHz)
¢ (MHz)
8y (MHz)
Az (MHz)
by (MHz)
87 (MHz)

18835.662(18)
16370.2703(70)
11409.2285(67)
0.011246(12)
0.005087(35)
0.00706(12)
0.0030280(79)

0.005561(27)

20093.317(30) 13832.06(60)
12522.3(90)
0.028985(29) 0.01148(51)

-0.037447(87)

43, Pliva and J.W.C. Johns, Can. J. Phys. 62, 1369 (1984).
bs H. Nielsen, S.J. Daunt, and G.W. Halsey, J. Mol. Spectrosc.
81, 494 (1980).
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TABLE 13.2A. Microwave spectrum of cyclopropane C;H,
Isotopic Frequency Unc. JK_,K1) J"(K_,Ky) Ref.
species (MHz) (MHz)

CD,CH,;CH, 321268.010 ( 0.030) 11( 5, 6) 10( 5, 5) [ 87019)
321824.834 ( 0.030) 11(10, 2) 10(10, 1) [ 87019]
321844.590 ( 0.030) 11710, 1) 10(10, 0) [ 87019]
323955.440  ( 0.030) 11( 9, 3) 10( 9, 2) [ 87019]

D,C—-CH, 324386.186  ( 0.030) 11( 9, 2) 10( 9, 1) [ 87019]
\/ 324408.298  ( 0.030) 11( 7, 5) 10( 7, 9 [ 87019]
CH, 325467300 ( 0.030) 14( 0,14) 13( 0,13) [ 87019]
325842.859 ( 0.030) 11( 8, 4) 10( 8, 3) [ 87019]
326946.663  ( 0.030) 13( 2,11) 12( 2,10) [ 87019]
328659.275 ( 0.030) 12( 5, 8) 11( 5, 7) [ 87019]
328767.649 ( 0.030) 12( 4, B8) 11( 4, 7) [ 87019}
330013.656 ( 0.030) 11( 8, 3) 10( 8, 2) [ 87019]
336505.346  ( 0.030) 11( 6, 5) 10( 6, 4) [ 87019]
337600.932 ( 0.030) 14( 1,13) 13( 1,12) [ 87019]
338682.422 ( 0.030) 11( 7, 4) 10( 7, 3) [ 87019]
339135.753  ( 0.030) 13( 4,10) 12( 4, 9) { 87019]
339136.662  ( 0.030) 13( 3,10) 12(3, 9 [ 87019]
340804.130 ( 0.030) 12( 6, 7) 11( 6, 6) [ 87019]
342197.491  ( 0.030) 1205, 7) 11( 5, 6) [ 87019]
348271.963  ( 0.030) 15( 0,15) 14( 0,14) [ 87019]
349745.818  ( 0.030) 14( 2,12) 13( 2,11) { 87019]
350881.725 ( 0.030) 1211, 2) 1111, 1) [ 87019]
350888.518 ( 0.030) 12111, 1) 11(11, 0) [ 87019]
350945.579  ( 0.030) 12( 7, 6) 11( 7, 5) [ 87019]
351413.027 ( 0.030) 13( 5, 9 12( 5, 8) { 87019]
351435.011 ( 0.030) 13( 4, 9) 12( 4, 8) [ 87019]
352996.924 ( 0.030) 12(10, 3) 11(10, 2) [ 87019}
353169.261  ( 0.030) 12(10, 2) 11(10, 1) [ 87019]
355390.625 ( 0.030) 12( 9, 4) 11( 9, 3) [ 87019]
355847.597 ( 0.030) 12( 8, 5) 11( 8, 4) [ 87019]
357507.248 ( 0.030) 12( 9, 3) 11( 9, 2) [ 87019]
358790.477 ( 0.030) 12( 6, 6) 11( 6, 5) [ 87019]
360403.585 ( 0.030) 15( 1,14) 14( 1,13) [ 87019]
361920.815 ( 0.030) 14( 3,11) 13( 3,10) [ 87019]
363784.137  ( 0.030) 13( 6, 8) 12( 6, 7) [ 87019]
364154.077 ( 0.030) 13( 5, 8) 12( 5, 7) [ 87019]
366543.349  ( 0.030) 12( 8, 4) 11( 8, 3) [ 87019]
370423.613  ( 0.030) 12( 7, 5) 11( 7, 4 [ 87019]
371074.679 ( 0.030) 16( 0,16) 15( 0,15) [ 87019]
372544.191 ( 0.030) 15( 2,13) 14( 2,12) [ 87019]
374164.417 ( 0.030) 14( 5,10) 13( 5, 9) [ 87019)
374168.480 ( 0.030) 14( 4,10) 13( 4, 9) [ 87019]
375534.238 ( 0.030) 13(7, 7) 12( 7, 6) [ 87019}
378920.091 ( 0.030) 13( 6, 7) 12( 6, 6) [ 87019]
379936.740  ( 0.030) 13(12, 2) 12012, 1) [ 87019]
379939.033  ( 0.030) 13(12, 1) 12(12, 0) [ 87019]
381999.699  ( 0.030) 13(14, 3) 12(11, 2) [ 87019]
382065.669  ( 0.030) 13(11, 2) 12(11, 1) [ 87019]
383204.412  ( 0.030) 16( 1,15) 15( 1,14) [ 87019]
383923.248 ( 0.030) 13( 8, 6) 12( 8, 5) [ 87019]
384583.308 ( 0.030) 13(10, 4) 12(10, 3) [ 87019}
384708.388  ( 0.030) 15( 3,12) 14( 3,11) [ 87019]
385559.722  ( 0.030) 13(10, 3) 12(10, 2) [ 87019]
386375.036  ( 0.030) 13( 9, 5) 12( 9, 4) [ 87019]
386621.154  ( 0.030) 14( 5, 9) 13( 5, 8) [ 87019]
386536.245 ( 0.030) 14( 6, 9) 13( 6, 8) [ 87019]
393257.856  ( 0.030) 13( 9, 4) 12( 9, 3) [ 87019}
393875.397 ( 0.030) 17( 0,17) 16( 0,16) [ 87019}
395341.296 ( 0.030) 16( 2,14) 15( 2,13) [ 87019]
395958.747  ( 0.030) 13( 7, 6) 12( 7, 5) [ 87019]
396925.153  ( 0.030) 15( 5,11) 14( 5,10) [ 87019]
396925.937 ( 0.030) 15( 4,11) 14( 4,10) [ 87019]
398894.664 ( 0.030) 14( 7, 8) 137, 7) [ 87019]
399965.905 ( 0.030) 14( 6, 8) 13( 6, 7) [ 87019]
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Table 14.1. Molecular constants for propane.

Parameter Ground vy=1, vp=1,
State State State
Rotational Constants (85022} {67033} [67033]
A (MHz) 29207.4815(31)  29166.55 29088.18
B (MHz) 8445.96770(71)  8432.45 8415.31
C (MHz) 7459.00196(73)  7449.47 7445.81
a5 (kHz) 7.19296(86)
Agg (kHz) -26.9670(83)
by (kHz) 159.845(94)
8; (kHz) 1.39693(42)
Sk (kHz) 3.0585(75)
¢k (Hz) 0.0296(101)
¢gg (Hz) -1.423(168)
og (Hz) 5.52(92)
¢35 (Hz) 0.00368(28)

Internal Rotation Constants

wy(s) -0.
0, 35.
oy 54.
I, (u i2) 3.
s 80.
F (GHz) 183.
V, (cm™1) 1108
V!, (em™?1)

[85023] [73084]

1909(29)107%

17(64)

83(64) 57.07

198(21) 3.

22(15) 80.10(25)

99(121) 191.64

(10) 1153.(4)
-51.8(8)

Electric Dipole Moment [66042]

Hy (D) 0

.0848(10)2

3Average of values for several transitions.
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Table 14.2. Rotational constants and electric dipole
moment for !3C and deuterated isotopic

species of propane.

Isotopic A
Species (MHz )

B
(MHz)

C
(MHz)

Rotational Constants [60009]

13CH,CH,CH, 29092.05(10)
CH,'3CH,CH, 28660.90(10)
CH,CHDCH, 25829.94(10)

sym-CH,DCH,CH,  29017.79(10)
asy-CH,DCH,CH,  26828.97(10)

Electric Dipole Moment [66042}

CH,CD, CH, i

0.095(1)2 D

CD,CH,CD, up = 0.076(1)2 D

8228.77(10)
8447.11(10)
8358.76(10)
7838.32(10)

8123.10(10)

7281.73(10)
7423.19(10)
7283.00(10)
6971.96(10)

7185.14(10)

3Average of values for several transitions.
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TABLE 14.3. Microwave spectrum of propane C;H;
Isotopic Frequency Unc. J(K_1,Ke) ~ J"(K-1,K41) nn Sym. Ref.
species (MHz) (MHz)

CH;CH;CH; 8308.032 ( 0.030) 72,5 - 6349 AA [ 85023]
8308.279  ( 0.030) 72,5 - 63 4 EE [ 85023]
8308.534 ( 0.030) 702, 5 - 63 9 AE +EA [ 85023]
8877.344 ( 0.020) 29(12,18) - 30(11,19) [ 85022]
8954.121 ( 0.030) 5(3,3 - 6(2 4 EAq [ 85023]
8954.195 ( 0.030) 5(33 - 6(2 4 AE [ 85023]
8954.414 ( 0.030) 5(33 - 62 4 EE [ 85023]
8954.680 ( 0.030) 5(33 - 624 AA [ 85023]
9281.940 ( 0.030) 21( 9,13) - 22( 8,14) AE [ 85023]
9282.033 ( 0.030) 21( 9,12) - 22( 8,15) *EE [ 85023]
9282.238  ( 0.030) 210 9,13) - 22( 8,149) AA [ 85023]
9282.328  ( 0.030) 210 9,12) - 22( 8,15) AA [ 85023]
9723.963  ( 0.030) 13( 6, 8) - 14(5 9 EA [ 85023}
9724.884  ( 0.030) 13( 6, 8) - 14(5,9) EE [ 85023]
9725.085 ( 0.030) 13( 6, 8) - 14( 5,9 AE [ 85022]
9725.680 ( 0.030) 13( 6, 8) - 14( 5,9 AA [ 85023]
9725982 ( 0.030) 13( 6, 7) - 14( 5,10) *EE [ 85023]
9744.810 ( 0.030) 13( 6, 8) - 14( 5,9 *EE [ 85023]
9745.145  ( 0.030) 13( 6, 7) - 14( 5,10) AE [ 85023]
9745.720 ( 0.030) 13( 6, 7) - 14( 5,10) AA [ 85023}
9745910  ( 0.030) 13( 6, 7) - 14( 5,10) EE [ 85023]
9746.203  ( 0.030) 13( 6, 7) - 14( 5,10) *EA [ 85023]
11013.883  ( 0.030) 200,2) - (LD AA [ 85023]
11013.937 ( 0.030) 2(0,2) - 1(1, 1) EE [ 85023]
11013.995  ( 0.030) 2(0,2) - 1(L, D) AE [ 85023]
11014.005  ( 0.030) 20,2 - 1(L D EA [ 85023}
11124.522  ( 0.030) 10 3,8 - 94,5 AA [ 85023]
11124.784  ( 0.030) 1003,8 - 945 EE [ 85023]
11125.007 ( 0.030) 10( 3,8 - 9(4,5) EA [ 85023]
11319.739  ( 0.030) 5(32) - 625 AE [ 85023]
11319.824  ( 0.030) 5(3,2) - 6(2,5) EA [ 85023]
11320.043  ( 0.030) 5(3,2 - 625 EE [ 85023]
11320.299  ( 0.030) 5(32) - 6(25) AA [ 85023]
12061.159  ( 0.030) 18( 6,13) - 17( 7,10) EA [ 85023]
12061.408  ( 0.030) 18( 6,13) - 17( 7,10) EE [ 85023]
12061.542  ( 0.030) 18( 6,13) - 17( 7,10) AA [ 85023}
12062.003 ( 0.030) 18( 6,13) - 17( 7,10) AE [ 85023]
12062.204  ( 0.030) 18( 6,12) - 17( 7,11) *EE [ 85023])
12070.246  ( 0.030) 18( 6,13) - 17( 7,10) *EE [ 85023]
12070.427  ( 0.030) 18( 6,12) - 17( 7,11) AA [ 85023]
12070.912  ( 0.030) 18( 6,12) - 17( 7,11) AE [ 85023]
12071.045  ( 0.030) 18( 6,12) - 17( 7,11) EE [ 85023]
12071.742  ( 0.030) 18( 6,12) - 17( 7,11) EAq [ 85023)
12381.595  ( 0.030) 10(3, 7 - 94 6) AA [ 85023]
12381.901 ( 0.030) 10(3, 7 - 94 6) EE [ 85023]
12382.165 ( 0.030) 1003, 7 - 9(4, 6) AE [ 85023]
12382.264  ( 0.030) 10037 - 94 6) EA [ 85023]
12435726  ( 0.020) 26( 9,18) - 25(10,15) [ 85022]
12435726  ( 0.020) 26( 9,17) - 25(10,16) [ 85022]
14384.156  ( 0.020) 26(11,15) - 27(10,18) [ 85022]
14824.451  ( 0.030) 18( 8,11) - 19( 7,12) AE [ 85023]
14824.742  ( 0.030) 18( 8,10) - 19( 7,13) *EE [ 85023]
14824.870  ( 0.030) 18( 8,11) - 19( 7,12) AA [ 85023]
14824.910 ( 0.030) 18( 8,10) - 19( 7,13) AE [ 85023]
14825.049  ( 0.030) 18( 8,11) - 19( 7,12) *EE [ 85023]
14825.331  ( 0.030) 18( 8,10) - 19( 7,13) AA [ 85023]
15245.380 ( 0.030) 10(5 6) - 11(4,7 EA [ 85023]
15246.273  ( 0.030) 10( 5, 6) - 11(47) EE [ 85023]
15246.963  ( 0.030) 10( 5 6) - 11(4,7) AA [ 85023]
15247.652 ( 0.030) 1005, 5 - 11( 4, 8) *EE [ 85023)
15247.888 ( 0.030) 10( 5, 5) - 11( 4, 8) *EA [ 85023]
15330.706  ( 0.030) 10(5 6) - 11(4,7) *EA [ 85023]
15331.599  ( 0.030) 1005 6) - 11(4 7 *EE [ 85023]
15332.312  ( 0.030) 10( 5, 5) - 11(4, 8) AE [ 85023]
15332.930 ( 0.030) 10( 5 5 - 11(4, 8 AA [ 85023]
15332.998 ( 0.030) 10( 5, 5 - 11( 4, 8) EE [ 85023]
15333.286  ( 0.030) 10( 5,5 - 11( 4, 8) EA [ 85023]
17119.125  ( 0.030) 13( 4,100 - 12( 5 7) AA [ 85023]
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TaBLE 14.3. Microwave spectrum of propane — Continued C:Hy
Isotopic Frequency Unc. J'(K-1,Kp)) - J(K-,Kipp) ving Sym. Ref.
species (MHz) (MHz)
17119.340  ( 0.030) 13( 410) - 12(5,7) EE [ 85023]
17119.436  ( 0.030) 134,100 - 12(5 7 EA [ 85023]
17119.736  ( 0.030) 13( 4,100 - 12( S5, D AE [ 85023]
17440.628  { 0.030) 13(4,9) - 125, 8) AA [ 85023]
17441010 ( 0.030) 13(4,9) - 12(5, 8 : EE [ 85023]
17441.253  ( 0.030) 13( 4,9 - 125, 8) AE [ 85023]
17441.521  ( 0.030) 13( 4,9 - 12(5, 8) EA [ 85023]
17611.181  ( 0.030) 21( 7,15) - 20( 8,12) EE [ 85023]
17611.284  ( 0.030) 21( 7,15) - 20( 8,12) AA [ 85023]
17612.676  ( 0.030) 21( 7,14) - 20( 8,13) *EE [ 85023]
17613.194  ( 0.030) 21( 7,14) - 20( 8,13) AA [ 85023]
17613.698  ( 0.030) 21( 7,14) - 20( 8,13) EE [ 85023]
19250.538  ( 0.030) 82,7 - 13, 4 AA [ 85023]
19250.766  ( 0.030) 82,7 - 173 4 EE [ 85023]
19250.992  ( 0.030) 82,7 - 13 4 AE [ 85023]
20371.965  ( 0.030) 15(7, 9) - 16( 6,10) AE [ 850231
20371.990  ( 0.030) 15( 7, 9) - 16( 6,10) EE [ 85023}
20372.790  ( 0.030) 15( 7, 9) - 16( 6,10) AA [ 85023}
20372.864 ( 0.030) 15( 7, 8) - 16( 6,11) *EE [ 85023}
20374330 ( 0.030) 15(7,9) - 16( 6,10) *EE { 85023}
20374.404  ( 0.030) 15( 7, 8 - 16( 6,11) AE [ 85023]
20374.951 ( 0.030) 15( 7, 8) - 16( 6,11) AA [ 85023]
20375202 ( 0.030) 15(7, 8) - 16( 6,11) EE [ 85023]
20657.876  ( 0.030) (4 4 - 835 EA [ 85022]
20658.414  ( 0.030) (4 4) - 8305 AE [ 85022]
20658.573  ( 0.030) 44 - 835 EE [ 85022]
20659.021  ( 0.030) (44 - 839 AA [ 85022]
21001.174  ( 0.030) 7(4,3) - 83,6 AE [ 85023]
21001.615  ( 0.030) 7(4,3) - 8(36) EE [ 85023]
21001.786  ( 0.030) (4,3 - 8(36) AA [ 85023
21642.31 (0.05) (1,0 - 1(0 1 1 2 A4, [ 73084)
2164427  ( 0.05) (L0 - 1(0,H 1 2 EE [ 73084]
2164621  ( 0.05 ) (1,0 - 1(0,1) 1 2 AE [ 73084}
2164621  ( 0.05 ) (1,0 - 1(0, 1) 1 2 EA, [ 73084]
2171705 ( 0.05) 101,00 ~ 1(0, 1) 1 1 A4, [ 73084]
2171867  ( 0.05) (L0 - (0, 1) 11 EE [ 73084]
2172033 ( 0.05) (1,0 - 1(0,1) 11 AE [ 73084]
2172033 (005) (L0 - 1(0, 1) 11 EA, [ 73084]
21748.288 ( 0.030) (1,0 - 1(0, 1) AE+EA [ 85023]
21748363  ( 0.030) 1(1,0 - 1(0, 1) EE [ 85023]
21748432 ( 0.030) 11,0 - 100, 1) AA [ 85023]
2264506 ( 0.05 ) AL - 20,2 12 A, [ 73048]
22647.00 ( 0.05) 2L, 1) - 20,2 1 2 EE [ 73048]
2264899  ( 0.05 ) AL 1 - 20,2 12 AE [ 73048)
2264899  ( 0.05 ) 2L, - 202 12 E [ 73048]
2273390  ( 0.05) 2L D - 202 11 AA; [ 73048)
22735.68  ( 0.05 ) 2L - 202 11 EE [ 73048]
22737.35  (0.05) . 20L, 1) -~ 202 11 AE [ 73048]
2273735  ( 0.05) 2L D - 202 11 EA, [ 73048]
22769.662  ( 0.030) AL - 202 AE +EA [ 85023]
22769.737  ( 0.030) 2L - 20,2 EE [ 85023]
22769.813  ( 0.030) 2L, 1) - 20,2 A4 [ 85023]
22786.123  ( 0.030) 16( 5,12) - 15( 6, 9) AA [ 85023]
22786.199  ( 0.030) 16( 512) - 15( 6, 9) EE [ 85023]
22786.695 ( 0.030) 16( 5,12) - 15( 6, 9) AE [ 85023]
22861.950 ( 0.030) 16( 5,11) - 15( 6,10) AA [ 85023]
22862.444  ( 0.030) 16( 5,11) - 15( 6,10) EE [ 85023]
22862528  ( 0.030) 16( 5,11) - 15( 6,10) AE [ 85023
22933.680  ( 0.030) 5(1,4) - 402 3) Ad [ 85022]
22933.830  ( 0.030) 5(1,4 - 42 3 EE { 85022]
22933.985  ( 0.030) (1,4 - 423 AE + EA [ 85022}
2421073 (005) 3(L2) - 300, 3) 12 A Ay [ 73048]
2421282 ( 0.05) (1,2 - 30,3 12 EE [ 73048]
2421499  ( 0.05 ) (1L,2) - 0,3 12 AE [ 73048]
2421499  ( 0.05) (1,2 - 30,3 12 EA, [ 73048}
2432278 ( 0.05 ) 3(1,2) - 30,3 11 A4, { 73048)
2432454  ( 0.05) (1,2 - 30,3 11 EE [ 73048]
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TABLE 14.3. Microwave spectrum of propane — Continued CiH;s
Isotopic Frequency Unc. J'K_,Ky) - J"(K-1,K4) vm Sym. Ref.
species (MHz) (MHz)
2432637 (0.05) 3(L2) - 30 3 11 A\E [ 73048]
2432637 ( 0.05) 31,2 - 30, 3) 11 EA, [ 73048]
24365.370 ( 0.030) 31,2 - 300,03 AE +EA [ 85023]
24365.451 ( 0.030) 3(L2) - 303 EE [ 85023]
24365.531 ( 0.030) 3(1L,2 - 303 AA [ 85023}
25916.034  ( 0.030) 1206, 7) - 13(5, 8) EE [ 85023]
25916.258 ( 0.030) 1206, ) - 13(5,8) AE [ 85023]
25916.931 ( 0.030) 1206, 7) - 13(5, 8) AA [ 85023]
25917.154  ( 0.030) 12(6,6) - 13(5 9 EE [ 85023]
25925.572  ( 0.030) 12(6,7) - 13(5, 8) EE [ 85023]
25925.804 ( 0.030) 1206, 6) - 13(5 9 AE [ 85023)
25926.705  ( 0.030) 120 6, 6) - 13(5, 9) EE [ 85023
25926.452  ( 0.030) 12( 6, 6) - 13( 5 9) AA [ 85023]
26132.816 ( 0.030) 82 6 - 735 AA [ 85023]
26133.035 ( 0.030) 82 6) - 735 EE [ 85023]
26133.245  ( 0.030) 826 - 735 AE +FEA [ 85023)
26411.06  ( 0.05 ) 41,3 - 40,4 12 A4 [ 73048]
2641330 (005) 401,3) - 40,4 12 EE [ 73048]
26415.55 (005) 41,3 - 404 1 2 AE [ 73048]
26415.55 (005) 41,3 - 4049 12 EA, [ 73048]
26556.51 ( 0.05) 41,3 - 40 9 11 AA; [ 73048]
2655840  ( 0.05) 41,3 - 40,4 11 EE [ 73048]
26560.30  (005) 41,3 - 400 49 11 AE [ 73048]
26560.30  ( 0.05 ) 41,3 - 40,4 11 EA, { 73048)
26609.24  ( 0.03 ) 401,3) - 40 4 [ 60009]
2933472 ( 0.05) 501,49 - 50,5 12 A [ 67033]
29337.18  ( 0.05) 5(1,4 - 50,5 1 2 EE [ 67033]
29339.60 (005) 5(1, 4 - 5(0,5) 1 2 AE [ 67033}
29339.60  ( 0.05 ) 51,49 - 505 12 EA, [ 67033]
2952587  ( 0.05 ) 501,49 - 50,5 11 A, [ 67033]
29527.91 (005) 5(1,4 - 500,5) 11 EE [ 67033}
2952998  ( 0.05 ) 5(1,4 - 505 11 AE [ 67033]
2952998 ( 0.05) 5(1,4 - 50 5) 11 EA, [ 67033]
2959251  ( 0.03 ) 5(1,4) - 505 [ 60009]
3341472 ( 0.03) 6(1,5 - 60, 6) [ 60009]
3661605  ( 0.05) 101, 1) - 00,0 11 A, [ 73084]
36617.73  ( 0.05) 1L, 1) - 00,0 11 EE [ 73084]
36619.24  ( 0.05) (L, 1) - 0(0, 0) 11 AE [ 73084]
36619.24  ( 0.05 ) 101, 1) -~ 0(0,0 1 1 EA; [ 73084]
36534.10  ( 0.05 ) (L, 1D - 000 1 2 A4, [ 73084]
36535.95 ( 0.05 ) (L 1) - 000 1 2 EE [ 73084]
36537.80 ( 0.05) L1 - 00 0 1 2 AE [ 73084]
3653780 (005) (LD - 00 0 12 EA, [ 73084]
36666.33 (005) (LD - 00,0 [ 60009]
51425.55 (005) 2(1,2 - 1(0, 1) 1 2 A4, [ 73084]
51427.45  ( 0.05) (1L, - 1(0,1) 1 2 EE [ 73084]
5142925  ( 0.05) 21,2 - 10,1 1 2 AE { 73084}
5142925  ( 0.05) 21,2 - 101 12 EA, [ 73084]
5151495  ( 0.05) 21,2 - 1(0,1 11 A4, [ 73084]
51516.55  ( 0.05) 2(1L,2 - 101 11 EE [ 73084]
51518.15  ( 0.05) 201,2) - 101 11 AE [ 73084}
51518.15 (0.05) 2L2 - 10 1) 11 EA, [ 73084]
140017.440  ( 0.010) 18( 1,17) - 18( 0,18) [ 15022]
140209.001  ( 0.010) 29( 524) - 29( 4,25) [ 85022)
140620.619  ( 0.010) 17 2,16) - 17( 1,17) [ 85022)
141025.107 ( 0.010) 36( 5,31) - 36( 4,32) [ 85022]
141203.180  ( 0.010) 14( 4,100 - 14( 3,11) [ 85022]
141387.150  ( 0.010) 27( 3,24) - 27( 2,25) { 85022]
142672.637 ( 0.010) 17( 3,14) - 16( 4,13) [ 85022]
142955.170  ( 0.010) 32( 4,28) - 32( 3,29) [ 85022]
143346.340  ( 0.010) 13( 4,9 - 13( 3,10) [ 85022]
143622.180  ( 0.010) 190 3,17) - 19( 2,18) [ 85022]
144760.500  ( 0.010) 28( 5,23) - 28( 4,29) [ 85022}
145001.150  ( 0.010) 12( 4,8 - 12(3,9 [ 85022
145856.220 ( 0.010) 190 3,17) - 18( 4,14) [ 85022]
146021.260  ( 0.010) 140 2,12) - 13( 3,11) [ 85022]
146232.500 ( 0.010) 11047 - 11(3 8 [ 85022]
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TABLE 14.3. Microwave spectrum of propane — Continued C;H;
Isotopic Frequency Unc. JK_,Ky) - J'K_,K ) v Sym. Ref.
species (MHz) (MHz)

146232.500 ( 0.010) 11(4,7) - 11(3, 8 [ 85022]
146601.280 ( 0.010) 91,9 - 80,8 { 85022]
147044.370  ( 0.010) 21( 4,18) - 20( 5,15) [ 85022]
147116.440 ( 0.010) 10( 4, 6) - 10(3, 7 [ 85022]
147362.080 ( 0.010) 37( 5,32) - 37( 4,33) [ 85022]
147538.060 ( 0.010) 10( 0,100 - 9( 1, 9 [ 85022]
147728.480 ( 0.010) 94,5 - 936 [ 85022]
148136.610 ( 0.010) 8(4,4) - 8(35 [ 85022]
211188.559 ( 0.010) 32( 5,28) - 32( 4,29 [ 85022]
211446.958 ( 0.010) 14( 0,14) - 13( 1,13) [ 85022]
211481.852 ( 0.010) 82,6) - (L, 7 [ 85022]
211766.984 ( 0.010) 17( 2,15) - 16( 3,14) [ 85022]
212660.630 ( 0.010) 11( 2,10) - 10( 1, 9) [ 85022]
212717237  ( 0.010) 28( 3,26) - 28(227) [ 85022]
213455.847 ( 0.010) 28( 6,22) - 28( 5,23) [ 85022]
214776.052 ( 0.010) 33( 3,30) - 33( 23D [ 85022]
214833.358 ( 0.010) 31( 4,28) - 31( 3,29 [ 85022]
215513772 ( 0.010) 14( 1,14) - 13( 0,13) [ 85022]
216107.921 ( 0.010) 27( 5,22) - 26( 6,21) [ 85022]
216117.906 ( 0.010) 73,5 - 62,4 [ 85022]
216255769  ( 0.010) 33( 5,29) - 33( 4,30) [ 85022]
217127.058 ( 0.010) 27( 6,21) - 27( 5,22) [ 85022]
217297.294 ( 0.010) 15( 1,14) - 14( 2,13) [ 85022]
218618.306 ( 0.010) 7(3,4) - 6(2,5) [ 85022]
219527413 ( 0.010) 26( 1,25) - 26( 0,26) [ 85022]
220215.357 ( 0.010) 26( 6,200 - 26( 5,21) [ 85022)
220436.493 ( 0.010) 26( 2,25) - 26( 1,26) [ 85022]
221631.655 ( 0.010) 29( 3,27) - 29( 2,28) [ 85022)
221857.648 ( 0.010) 34( 5,30) - 34( 4,31 [ 85022]
280971.706  ( 0.010) 17¢ 2,16) - 16( 1,15) [ 85022]
283543.557 ( 0.010) 12( 3,100 - 11( 2, 9 [ 85022]
286689.990 ( 0.010) 6(52 - 54,1 [ 85022]
287574.584 ( 0.010) 19( 0,19) -~ 18( 1,18) [ 85022]
288181.882 ( 0.010) 11( 3,8 - 1002, 9 [ 85022)
288365.749 ( 0.010) 19( 1,19) - -18( 0,18) [ 85022]
288605.341 ( 0.010) 41( 8,33) - 41( 7,34 [ 85022)
289146.451 ( 0.010) 19 1,18) - 18( 2,17 [ 85022}
291586.293 ( 0.010) 9(4,6) - 8(35 [ 850221
291944.025 ( 0.010) 94,5 - 836 [ 85022]
293185436 ( 0.010) 18( 2,17) - 17( 1,16) [ 85022]
293477.608 ( 0.010) 27( 4,23) - 26( 5,22) [ 85022]
295099.457 ( 0.010) 13( 3,11) - 12( 2,10 [ 85022]
296256.010 ( 0.010) 39(¢ 8,31) - 39( 7,32) [ 85022]
B3CH,CH,CH; 22788.80 (006 ) 2L 1) - 20,2 [ 60009]
24315.01 ( 0.06 ) 3(1L,2) - 30,3 [ 60009]
26456.74 ( 006 ) 41,3 - 400, 4 [ 60009]
29298.58 ( 0.06 ) 5(1L, 4 - 5005 [ 60009]
32933.58 (0.06) 6(1,5 - 6(0 6 [ 60009]
36373.78 (006) (L1 - 000 [ 60009]
CH;"CH,CH; 22299.03 ( 0.06 ) 2L1D - 20,2 [ 60009]
23961.76 (006 ) 3(1L,2) - 30,3 [ 60009]
26306.35 (006 ) 41,3 - 40 49 [ 60009]
29432.48 (006) 5(1, 4 - 505 [ 60009]
33446.47 (006 ) 6( 1,5 - 60, 6) [ 60009]
36083.69 (0.06) (L1 - 000 [ 60009]
CH;CHDCH; 19670.78 ( 006 ) 2(1, 1) - 20,2 [ 60009]
2144548 (006 ) 3,2 - 30,3 [ 60009]
23971.76 (0.06) 41,3 - 40 9 [ 60009]
27370.09 ( 0.06) 5(1,4 - 50095 [ 600091
31759.70 (0.06) 6(1,5 - 60 6 [ 600091
33112.93 (0.06) (1,1 - 000 [ 60009}
sym-CH,DCH,CH; 22938.16 ( 0.06 ) 21, 1) - 20,2 [ 600091
24324.96 ( 0.06 ) 3(L,2 - 30,3 [ 60009]
26262.62 (006 ) 41,3 - 40 9 [ 60009]
28822.23 ( 0.06 ) 5(1,4 - 50,95 [ 60009]
32083.91 (0.06) 6(1,5 - 6(0, 6) [ 60009]
35989.76 ( 0.06) (1, 1) - 0(0, 0 [ 60009]
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TABLE 14.3. Microwave spectrum of propane — Continued C;Hsg
Isotopic Frequency Unc. J(K.,Kp) - J"K_,K4) vime Sym. Ref.
species (MH2z) (MHz)
asy-CH,DCH,CH; 20616.12 (0.06) 2L, 1) - 20,2 [ 60009]
2213798 ( 006 ) 3(1L,2) - 30,3 [ 60009]
24283.11 (006 ) 413 - 404 [ 60009}
27141.90 (0.06 ) 5(1L,4 - 505 [ 60009]
30811.32 ( 006 ) 6(1,5 - 60, 6) [ 60009}
3401410 ( 0.06) I(1,1) - 0(0, 0) [ 60009)

Table 15.1.

Molecular constants for the
C,H radical.

Parameter

Ground State v=1 State
[83053) [87018}

B

D
Y

YD
b

(o]

(Mz)
(kHz)
(MHz)
(kHz)
(MHz)

(MHz)

4758.6557(7) 4782.160(2)

0.8627(10) 0.910(2)
-38.555(2) -56.97(13)
0.127 1.40(9)
-19.088(6)
12.435(10)
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TABLE 15.2. Microwave spectrum of butadiynl radical CH
Isotopic Frequency  Unc. Joo-J" P F' - F" Vib. Ref.
species (MHz) (MHz) state

CH 9493.067 ( 0.003) 32 - 2 1 -0 v=10 [ 83052]
9497.624  ( 0.003) 32 - 12 2 -1 v= [ 83052]
9508.016 ( 0.003) 32 - 172 1 -1 v=10 [ 83052]
9547.967 ( 0.003) 172 - 172 1 -0 v=0 [ 83052]
9551.728  ( 0.003) 172 - 12 0 - 1 y= [ 83052}
9562.915 ( 0.003) 172 - 172 1 -1 v=20 [ 83052]
85633.9 (1.0) 1972 - 1772 = [ 78032]
85672.4 (10) 1772 - 1572 v= [ 78032]
86048.50 (0.25) 9/1 - 8/1 l =1 [ 87018]
86104.44  ( 0.25) 9/1 - 8/1 u =1 [ 87018]
95149.5 (1.0) 2172 - 192 =0 [ 78032]
95189.0 (1L0) 1972 - 1772 =0 [ 78032]
95611.13 (025) 10/1 - 9/1 ) =1 [ 87018]
95667.89  ( 0.25) 10/1 - 9/1 u =1 [ 87018]
104667.3 (10) 23/2 - 2172 =0 [ 78032]
104706.0 (10) 2172 - 1972 =0 [ 78032}
10517458 (020 ) 11/1 - 10/1 ! =1 [ 87018}
105230.65 ( 0.20) 11/1 - 1071 u =1 [ 87018]
114182. (10) 2572 - 232 =0 [ 78032]
114221. (1.0) 2372 - 212 =0 [ 78032]
114737.17  ( 0.20) 12/1 - 11 I} =1 [ 87018]
11479382  (0.35) 12/t - 11/1 u =1 [ 87018]
133862.50 ( 0.20) 14/1 - 13/1 l =1 [ 87018]
133918.54  ( 0.20) 14/1 - 13/1 u =1 [ 87018]
142728.773  ( 0.018) 3172 - 2972 =0 [ 83053]
142767.280  ( 0.016) 2972 - 212 =0 [ 83053}
14342439  (0.20) 15/1 - 14/1 lf =1 [ 87018]
143480.41 (0.20) 15/1 - 14/1 u =1 [ 87018]
152986.00 (020) 16/1 - 15/1 1 =1 [ 87018]
153041.88 (020 ) 16/1 - 15/1 u =1 [ 87018]
162547.41 (015) 17/1 - 16/1 I} =1 [ 87018]
162603.18 (015 ) 17/1 - 16/1 u =1 [ 87018}
171272.249  ( 0.014) 3172 - 3572 =0 [ 83053]
171310.707 ( 0.014) 35/2 - 332 =0 [ 83053]
172108.36 ( 050) 18/1 - 17/1 1 =1 [ 87018]
172164.12  ( 0.80) 18/1 - 17/1 u =1 [ 87018]
180786.031 ( 0.017) 3972 - 312 =0 [ 83053]
180824.472  ( 0.016) 3772 - 3572 =0 [ 83053]
181669.38 (. 0.03 ) 19/1 - 18/1 / =1 [ 87018]
181725.00 ( 0.05) 19/1 - 18/1. u =1 [ 87018]
190299.425 ( 0.014) 4172 - 3972 =0 [ 83053}
190337.804 ( 0.013) 39/2 - 3772 =40 [ 83053}
191229.68  ( 0.04 ) 20/1 - 191 I} =1 [ 87018]
191285.01 ( 0.06 ) 20/1 - 19/1 u =1 [ 87018]
199812.391  ( 0.016) 4372 ~ 4172 =0 [ 83053]
199850.787 ( 0.015) 4172 - 3972 =0 [ 83053]
200789.44 (004) 21/1 - 20/1 l =1 [ 87018]
200844.62  ( 0.04) 21/1 - 2071 u =1 [ 87018]
210348.87 (005) 22/1 - 21/1 1 =1 [ 87018]
210403.74 (004) 22/1 - 211 u =1 [ 87018]
219907.70  ( 0.03 ) 23/1 - 2271 ) =1 [ 87018)
219962.41 (0.05) 23/1 - 22/1 u v=1 [ 87018}
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Table 16.1. Molecular constants of 1,3-butadiyne
(diacetylene) in excited vibrational states.

Parameter Upper State? Lower State?

vg-Vvg band [81046] Vg Ve
B, (MHz) 4391.1921(94) 4391.3230(84)
D, (kHz) 0.594(179) 0.582(154)
q, (MHz) 2.4073(37) 2.4830(32)
8G, (MHz) 71868.336(57)

v (D 0.0787(10)

Z; - 23 subband [82036] vg + vy (g) Ve + vg (u)
B, (MHz) 4402.9090(61) 4403.8625(56)
D, (kHz) 0.854(54) 1.826(47)
H, (Hz) -0.118(155) 0.003(121)
AG, (MHz) 46112,301(42)

u (D) 0.0755(5)
Ig - I subband [82036]
B, (MHz) 4403.7414(36) 4403.8795(41)
D, (MHz) 0.713(37) 0.767(43)
H, (Hz) 0.243(207) 0.212(179)
4G, (MHz) 73412.284(29)
v (D 0.0805(4)

Ag - A, subband [82036]

B, (MHz) 4403.7192(56)  4403.8715(64)
D, (kHz) 0.302(49) -0.216(56)
H, (Hz) 0.425(229) 0.296(201)
py (kHz) 0.0492(134) 0.5185(128)
py,  (Hz) 0.320(68) 0.212(57)
AG, (MHz) 77573.622(58)

8Values in parentheses denote 2.5 standard errors.
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Table 16.2. Molecular constants of HC=CC=CD. [81047]

State B (MHz) D (kHz) q (MHz) p (D)
ve (W) 4086.2165(44)2  0.408(36) 2.1316(28)  0.0907(6)
2vg (8) 4087.6963(58)  0.349(50) 0.1681(14)
Ve + v (A) 4097.7537(50)  0.358(44) 0.0900(4)
2vg (A) 4094.4786(103)  0.351(85)
ve + v, (1) 4092.9074(176)  1.419(145)
v, + vg (4) 4095.8925(354)  0.355(290)
2vg + vy (9) 4098.9505(339)  0.372(303)
GroundP 4084.74 0.0133

8The 2.50 uncertainties are given in parentheses for the last digits
shown.
bExtrapolated from the v¢ and 2v; state values.

Table 16.3. Molecular constants of 1,3-butadiyne
(diacetylene-d,) in excited vibrational
states. [84037]

Parameter Upper State? Lower State?
Vg - Vg band Ve Vg
B, (MHz) 3814.2822(15) 3812.9142(16)
D, (kHz) 0.3113(128) 0.3149(113)
qy (MHz) 2.2874(17) 2.2767(15)
G, (MHz) 86417.951(13)
(M 0.0450(11)
ve + vy (u) vg + vy (g)
B, (MHz) z* 3824.3631(43) 3823.0200(44)
bl 3824.4347(40) 3823.0598(43)
A 3824.3726(33) 3823.0410(36)
D, (kHz) z* 0.3439(731) 0.3469(674)
b 0.3493(388) 0.3519(381)
A 0.3182(283) 0.3197(278)
86 (MHz) Ao - TV 27847.(681) 53389.(681)
A - 7 32184.(2242) 30382.(2242)
AG  (MHz) TV 111358.561(38)
b 84014.468(35)
A 85816.240(33)
qe (MHZ) 4.898(240)
qs  (MHZ) 2.2874  fixed
qy (MH2) 2.2767 fixed

3Values in parentheses denote 2.5 standard deviations.
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TABLE 16.4. Microwave spectrum of 1,3 -butadiyne C:H;
Isotopic Frequency Unc. Jo-J" Vib. Ref.
species (MHz) (MHz) state
HCCCCH 10366.206  ( 0.050) 6 - 7 vy - v f [ 81046}
10404.158  ( 0.050) 6 - 7 lvg - 1vg e [ 81046)
15939.238  ( 0.050) 10 - 9 Tve - 1w e [ 81036]
15995.727  ( 0.050) 0 - 9 Ive - lyg f [ 81046)
19153.113  ( 0.050) 5 - 6 vy - lve f [ 81046]
19185.188  ( 0.050) 5 - 6 vg - lvg e [ 81046}
19326.369  ( 0.050) 12 - 1t lvgre = lugys A f [ 82036)
19343.214 ( 0.050) 12 - 11 Wers — lugys A e [ 82036]
23483.668 ( 0.050) 11 - 10 1veys - luge z- [ 82036]
24396.116  ( 0.050) 9 - 8 Wess - lvges 3+ [ 82036]
24720.622  ( 0.050) 1 - 10 lve - 1y e [ 81046]
24722.001 ( 0.050) 5 - 6 vsys ~ lugys A e [ 82036)
24723.720  ( 0.050) 5 - 6 vgie ~ ey A f [ 82036)
24783.608 ( 0.050) 1n - 10 Tve ~ lug f [ 81046]
27939.711  ( 0.050) 4 - 5 lvg ~ 1w f [ 81046}
27966.101  ( 0.050) 4 - 5 lvs ~ lvg e [ 81046)
28137.188 ( 0.050) 13 - 12 Tvere ~ lvgys A f [ 82036)
28160.648 ( 0.050) 13 - 12 Wess ~ luges A e [ 82036]
28495.001 ( 0.050) 2 - 3 lvgee ~ lvgys pAs [ 82036]
29371.105  ( 0.050) 4 - 5 lvays ~ lvgys 3= [ 82036]
32293.064 ( 0.050) 13 - 12 vero ~ lvgyo z- [ 82036)
33215.564 ( 0.050) 0 - 9 Wess ~ lugys pas [ 82036]
33502.016 ( 0.050) 12 - 11 lve -~ lvg e [ 81046}
33531917  ( 0.050) 4 - 5 Ivges ~ lvgi A e [ 82036)
33532.717  ( 0.050) 4 - 5 Tvsie —  lvgig A f [ 82036)
33571.597 ( 0.050) 2 - 1 v - lug f { 81046]
36726.056  ( 0.050) 3 - 4 lvg - 1lvg f [ 81046]
36746.882 ( 0.050) 3 - 4 lvg - lug e [ 81046)
36948.320 ( 0.050) 4 - 13 Wers - lvgys A f [ 82036)
36980.115  ( 0.050) 14 - 13 Tvers - lvgyo A e [ 82036]
38179.817  ( 0.050) 4 - 3 sy - luges 3 [ 82036)
41102.447 ( 0.050) 14 - 13 vero - lvgys == [ 8203¢]
42035.688  ( 0.050) 10 - 9 lvers - lvgys It [ 82036]
42283.382  ( 0.050) 13 - 12 lve - lvg e [ 81046)
42341.222  ( 0.050) 4 - 5 Ivsio = lvess A e [ 82036)
42359.748  ( 0.050) 13 - 12 lve - lug f [ 81046]
45512.063  ( 0.050) 2 - 3 lvg - lvg f [ 81046]
45527.446  ( 0.050) 2 - 3 lvg - lvg e [ 81046]
46988.213  ( 0.050) 2 - 3 e - lvgys 3- [ 82036}
49911.775  ( 0.050) 15 - 14 ess — lvgys 3= [ 82036]
50856.220  ( 0.050) 12 - 11 Weio — lvags s+ [ 82036]
51064.793  ( 0.050) 14 - 13 Tve - lug e [ 81046]
51148.101 ( 0.050) 14 - 13 Ive - lvg f [ 81046]
51150.114  ( 0.050) 4 - 3 Tvgee = lveys A f [ 82036]
54297.885 ( 0.050) 1 - 2 lvg - lvg f [ 81046}
54307.948 ( 0.050) 1 - 2 lvg - lvg e [ 81046]
54571.471 ( 0.050) 16 - 15 Weio = lvage A S [ 82036)
54626.336  ( 0.050) 16 - 15 o - gy A e [ 82036]
54918.086 ( 0.050) 1 - 0 lvgyo - lvegs 3+ [ 82036]
55796.541  ( 0.050) 1 - 2 vgee - lugys z- [ 82036}
58721.023  ( 0.050) 16 - 15 Weso - lvays 3= [ 82036]
59676.925  ( 0.050) 13 - 12 lvgrs - lvgye 3+ [ 82036]
59846.248  ( 0.050) 5 - 14 ve - lyg e [ 81046]
59936.594 ( 0.050) 15 - 14 lve - lyg f [ 81046}
63383.530 ( 0.050) 17 - 16 Tess - lvays A f [ 82036]
63453.736  ( 0.050) 17 - 16 Tveyo - lvays A e [ 82036]
63721.981  ( 0.050) 2 - 1 lvges - lvgys 3+ [ 82036]
64604.556  ( 0.050) I - 1 vgrs - lveys == [ 82036]
67530.224  ( 0.050) 17 - 16 lvess — vy =" [ 8203¢6]
68497.670  ( 0.050) 14 - 13 Tveys — lvgys 3+ [ 82036}
68627.629  ( 0.050) 16 - 15 lve - lug e [ 81046]
68725.304 ( 0.050) 16 - 15 lve - lug f [ 81046]
71816.892  ( 0.050) 4 - 4 vg - lvg ef [ 81046]
71837.647 ( 0.050) 3 - 3 vg - 1y ef [ 81046]
71852.994 ( 0.050) 2 - 2 vy - lvg e [ 81046]
71863.314  ( 0.050) 1 - 1 lvg - lyg ef [ 81046]
71873.102  ( 0.050) 1 - 1 lvg - lvg fe [ 81046]
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TABLE 16.4. Microwave spectrum of 1,3 -butadiyne — Continued C.H,
Isotopic Frequency Unc. Joo-J" Vib. Ref.
species (MHz) (MHz) state
71882.396  ( 0.050) 2 - 2 lvg ~ lvg fe [ 81046]
71896.242  ( 0.050) 3 - 3 vy - lvg fe [ 81046]
71914.713  ( 0.050) 4 - 4 vy - lyg fe [ 81046]
72195.871 ( 0.050) 18 - 17 Wero - lvayg A f [ 82036]
72284.350  ( 0.050) 18 - 17 Tveys - gy A e [ 82036]
72524001  ( 0.050) 3 - 2 Tusis = Iy It [ 82036]
76339.339  ( 0.050) 18 - 17 Wero = lvgys 3" [ 82036]
77317.949  ( 0.050) 15 - 14 vers - lvgy pas [ 82036]
77409.181  ( 0.050) 17 - 16 lve - 1lvg e [ 82036]
77514.202  ( 0.050) 17 - 16 lve - lyg f [ 82036]
77570.815 ( 0.050) 4 - 4 Tvgys = lveys fe [ 82036]
77572.418  ( 0.050) 3 - 3 veso = lveis ef [ 82036]
77573.323  ( 0.050) 2 - 2 eeo - leis fe [ 82036
81008.656 ( 0.050) 19 - 18 ess - lvggs A f [ 82036
81118.771  ( 0.050) 19 - 18 eys - lvges A e [ 82036]
81324.066 ( 0.050) 3 - 2 Tvgs — lugys hs [ 82036]
82219.760 ( 0.050) 1 - 0 Ivses ~— lvgig z- [ 82036]
85148.237 ( 0.050) 19 - 18 Wero - lvge P [ 82036]
86137.441 ( 0.050) 16 - 15 Weyrs - lvgyo 3t [ 82036]
86190.631 ( 0.050) 18 - 17 lve -~ 1y e { 82036]
86303.186  ( 0.050) 18 - 17 lve - 1lvyg f [ 82036]
89428.244 ( 0.050) 2 - 1 lvg - 1lvg e [ 82036]
89437.861 ( 0.050) 2 - 1 lvg - v f [ 82036]
89821.699 ( 0.050) 10 - 19 Weyo - lygys A f [ 82036)
89956.981  ( 0.050) 10 - 19 Weys - lugys A e [ 82036]
90122.305  ( 0.050) 5 - 4 Tvgys - lvges z* [ 82036]
91026.942  ( 0.050) 2 - 1 Tvseo — lveys 3= [ 82036]
93956.940 ( 0.050) 20 - 19 Wers — lvggg z- [ 82036]
94955.928  ( 0.050) 17 - 16 Wero — lygys 3+ [ 82036]
94972.022 ( 0.050) 19 - 18 lve -~ 1y e [ 82036]
95092.267 ( 0.050) 19 - 18 lve - 1y f [ 82036]
98635.136  ( 0.050) 21 - 20 ers - lvgie A f [ 82036]
98799.479  ( 0.050) 21 - 20 Weso — lvgys A e [ 82036]
102765.404  ( 0.050) 21 - 20 1vers = lvgys 3= [ 82036]
103753.379  ( 0.050) 20 - 19 lvge -~ 1l e [ 82036]
103773.020  ( 0.050) 18 - 17 Were - lvgyg z* [ 82036]
103881.484 ( 0.050) 20 - 19 lve - lyg f [ 82036
103995.578  ( 0.050) 3 - 2 Tvges - lvgys e [ 82036}
106987.262  ( 0.050) 4 - 3 lvs - 1y e [ 82036]
107005.664  ( 0.050) 4 - 3 lvg - lyg f [ 82036]
107448.891 ( 0.050) 22 - 21 Wers - lvgs f [ 82036]
107646.637 ( 0.050) 22 - 21 Wero = lvgyy A e [ 82036]
107713.512  ( 0.050) 7 - 6 aee - lvgye s+ [ 82036]
108640.399  ( 0.050) 4 - 3 Wiss - gy == [ 82036]
111573.608 ( 0.050) 22 - 21 Weyo = lvgys - [ 82036]
112534.685 ( 0.050) 21 - 20 lve - luyg e [ 82036]
112588.369  ( 0.050) 19 - 18 Wers - lvgys z* [ 82036]
112670.794  ( 0.050) 2t -~ 20 lve - lug f [ 82036]
112802.051 ( 0.050) 4 - 3 vsee ~ lugys f [ 82036
115766.433  ( 0.050) 5 - 4 vy - lvg e [ 82036]
115789.016  ( 0.050) 5 - 4 lvg - 1y f [ 82036)
116263.138  ( 0.050) 23 - 22 Wero — lvgys A S [ 82036}
116498.772  ( 0.050) 23 - 22 ers = lvgys A e [ 82036]
116506.680  ( 0.050) 8 - 7 Wepe - lugy z* [ 82036])
117446.561  ( 0.050) 5 - 4 Tvers - lvggs 3= [ 82036]
120381.531  ( 0.050) 23 - 22 vers - lvgy = [ 82036]
121315.959  ( 0.050) 22 - 21 lve -~ lug e [ 82036)
121401.629  ( 0.050) 20 - 19 1vers = lvgyy z* [ 82036)
121460.178  ( 0.050) 22 - 21 lvs - 1y f [ 82036]
121608.007  ( 0.050) 5 - 4 veio - lvgys A e [ 82036)
124545.399  ( 0.050) 6 - 5 vg - lvg e [ 82036]
124572.043  ( 0.050) 6 - 5 Ivg - 1y f [ 82036]
125077.626  ( 0.050) 24 - 23 Tveys — gy A f [ 82036]
125298.468 ( 0.050) 9 - 8 lvgre — lvgys It [ 82036]
125356.186  ( 0.050) 24 - 23 Tvgre - lugyy A e [ 82036]
126252.506  ( 0.050) 6 - 5 vgyo - lvgys 3= [ 8203¢)
129189.080 ( 0.050) 24 - 23 Weys - vy 3= [ 82036]
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TABLE 16.4. Microwave spectrum of 1,3 -butadiyne — Continued C.H;
Isotopic Frequency Unc. J J” Vib. Ref.
species (MHz) (MHz) state
130097.135  ( 0.050) 23 22 1vs lvg e [ 82036)
130212.435 ( 0.050) 21 20 1vets lvgys I+ [ 82036]
130249.652  ( 0.050) 23 22 lvg lvg ¥a [ 82036)
130414.035 ( 0.050) 6 5 lvgyg 1vges A f [ 82036)
133324.095  ( 0.050) 7 6 lvs v e [ 82036}
133354.629  ( 0.050) 7 6 lvg lvg f [ 82036}
133892.550  ( 0.050) 25 24 lvgyy vgys A f [ 82036]
134088.978  ( 0.050) 10 9 1vgee lveys z+ [ 82036)
134219.116  ( 0.050) 25 24 1vges tvgys A e [ 82036
135058.018  ( 0.050) 7 6 1vass v - { 82036)
139218.165  ( 0.050) 7 6 1vass lvgss A e [ 82036)
139219.435  ( 0.050) 7 [3 (779 veys A f [ 82036
142102.507 ( 0.050) 8 7 1vy lvg e [ 82036]
142136.842  ( 0.050) 8 7 lvg v f [ 82036}
142707.939  ( 0.050) 26 25 1veys lvgys A f [ 82036
142878.315  ( 0.050) 1 10 lvgss 1veys z+ [ 82036)
143088.041  ( 0.050) 26 25 1ve4s lvess A e [ 82036}
143863.183  ( 0.050) 8 7 1veys 1vgse z- [ 82036)
148022.182  ( 0.050) 8 7 1veys Weys A e [ 82036]
148024.537  ( 0.050) 8 7 1vgys 1veys A f [ 82036]
150880.704 ( 0.050) 9 8 1vg lvg e [ 82036]
150918.629 ( 0.050) 9 8 1vg 1vg f [ 82036)
151666.863  ( 0.050) 12 11 Ivies lvgie pa [ 82036]
152667.962  ( 0.050) 9 8 lvgis 1vgtg z- [ 82036]
156825.143  ( 0.050) 9 8 1vays lvgys A e [ 82036}
156829.215  ( 0.050) 9 8 1vess 1vess A f [ 82036)
159658.615  ( 0.050) 10 9 1vg lvg e [ 82036}
160454.614  ( 0.050) 13 12 1vg4o 1ve4s z* [ 82036]
161472.445  ( 0.050) 10 9 Ivess lvgyg z- [ 82036)
165627.043  ( 0.050) 10 9 lvase 1vess A e [ 82036}
165633.481 ( 0.050) 10 9 1vg4o lvgss A f [ 82036)
168436.178  ( 0.050) 11 10 lvg 1ve e [ 82036]
168480.873  ( 0.050) 11 10 1vg 1vg f [ 82036]
174427.490 ( 0.050) 11 10 1vieg 1vesy A e [ 82036]
174437.376  ( 0.050) 11 10 lvgyo 1vete A f [ 82036)
HCCCCD 40851.35 ( 0.05) 5 4 lvg e [ 81047)
40872.61  ( 0.05) 5 4 lvg f [ 81047]
40876.84  ( 0.05) 5 4 2v6 [ 81047}
4097741  (0.05) 5 4 lve, vy [ 81047]
4902148  ( 0.05) 6 5 v e [ 81047)
4904701  ( 0.05) 6 5 lvg f [ 81047)
49052.06 ( 0.05) 6 5 2vg [ 81047]
49113.84  ( 0.05) 6 5 lvg, vy [ 81047]
4913348 (005) 6 5 2v, [ 81047)
4915051 ( 0.05) 6 5 lvy, 1y [ 81047]
4917277  (0.05) 6 5 lvg, 1vg [ 81047]
4918724  ( 0.05) 6 5 2vg, vy [ 81047]
57191.54  ( 0.05) 7 6 1vg e [ 81047]
57221.41 (005) 7 6 lve f [ 81047}
5722730  ( 0.05) 7 6 v [ 81047]
57298.85 ( 0.05) 7 6 lve, 1vy [ 81047)
5732223  (0.05) 7 6 2y [ 81047)
5734196  ( 0.05) 7 6 vy, lyg [ 81047)
57368.08 ( 0.05) 7 6 1vg, 1vg [ 81047)
57384.88  ( 0.05) 7 6 2vg, vy [ 81047]
6536159  ( 0.05) 8 7 1vg e [ 81047]
6539571  ( 0.05) 8 7 1vg f [ 81047]
6540249  ( 0.05) 8 7 2vg [ 81047]
65483.82 (005) 8 7 lyg, 1vy [ 81047)
65511.02 (005) 8 7 2vs [ 81047]
65563.36  ( 0.05) 8 7 lvg, lvg [ 81047)
6558242 (005) 8 7 2vg, vy [ 81047]
73531.52 (005) 9 8 1ve e [ 81047]
73569.92  ( 0.05) 9 8 v f [ 81047]
73577.56  (005) 9 8 2vg [ 81047)
7366840 ( 0.05) 9 8 lvg, 1wy [ 81047)
73699.63  ( 0.05) 9 8 2vs [ 81047]
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TABLE 16.4. Microwave spectrum of 1,3 -butadiyne — Continued C.H,
Isotopic Frequency Unc. Jo-J" Vib. Ref.
species (MHz) (MHz) state
73725.10 ( 0.05) 9 - 8 1vy, lvg [ 81047]
7375859  ( 0.05) 9 - 8 1ve, 1vg [ 81047]
7378022  ( 0.05) 9 - 8 2vg, 1y [ 81047]
DCCCCD 32344.532  ( 0.050) 6 - 7 1vers — lvgyo A f [ 84037)]
33077.941 ( 0.050) 6 - 7 lvg - lvg f [ 84037]
33109.382  ( 0.050) 6 - 7 lve — luyg e [ 84037]
33516.980 ( 0.050) 19 - 18 lvgys = lvgi 3+ [ 84037]
35016.295 ( 0.050) 9 - 10 ey - lvggs It [ 84037]
35227.837 ( 0.050) 16 - 15 vs - lvg e [ 84037]
35298.118  ( 0.050) 16 - 15 lvg - lvg f [ 84037]
36167.930 ( 0.050) 16 - 15 Waee = lvees A e [ 84037]
36204.173  ( 0.050) 16 - 15 Tvgys - lveys A f [ 84037]
37984.890 ( 0.050) 16 - 15 Tvgre = lugys == [ 84037)
38179.389  ( 0.050) 5 - 6 vess - lvgyg - [ 84037}
39974.857 ( 0.050) 5 - 6 vero ~ lvays A e [ 84037]
40689.422  ( 0.050) 5 - 6 lve - - 1y f [ 84037]
40716.456  ( 0.050) 5 - 6 lve - lyg e [ 84037]
41127.064 ( 0.050) 10 - 19 Ivgee = lvgye zt [ 84037]
42639.419  ( 0.050) 8 - 9 Weso - lvgys z+ [ 84037]
42806.715  ( 0.050) 17 - 16 lve - lvg e [ 84037]
42881.229 ( 0.050) 17 - 16 lvg - lug f [ 84037]
43760.288  ( 0.050) 17 - 16 Ivgye - lvess A e [ 84037)
43807.142  ( 0.050) 17 - 16 Tvgre = lvgyg A f [ 84037]
45811.595  ( 0.050) 4 - 5 vess - lvgyg z- [ 84037]
45585.334  ( 0.050) 17 - 16 lvgeo = lvgys z- [ 84037]
47607.257  ( 0.050) 4 - 5 o = lvgo A f [ 84037]
48303.674 ( 0.050) 4 - 5 lve - lvg f [ 84037]
48326.218 ( 0.050) 4 - 5 ve - lyg e [ 84037]
48737.095 ( 0.050) 21 - 20 Ivers ~- lvgys z* [ 84037]
50264.776  ( 0.050) 7 - 8 Tvers = lugye pAs [ 84037)
50382.694 ( 0.050) 18 - 17 lvg - lvg e [ 84037}
50461391  ( 0.050) 18 - 17 lvg - lvs f [ 84037]
51347.882  ( 0.050) 18 - 17 lvgio ~ lvesg A e [ 84037]
51407.438 ( 0.050) 18 - 17 Tvsee - lveys A f [ 84037]
53182.728  ( 0.050) 18 - 17 vgpo ~ lvgys )i [ 84037]
53446.647 ( 0.050) 3 - 4 Weyo - lvsys 3 [ 84037)
55242.595 ( 0.050) 3 - 4 lvers - lvgye A e [ 84037]
55920.701 ( 0.050) 3 - 4 lve - 1l f [ 84037]
55938.802 ( 0.050) 3 - 4 lve - lyg e [ 84037]
56347.221 ( 0.050) 22 - 21 Tvgps - lvgys zt [ 84037)
57892.468 ( 0.050) 6 - 7 vess - lvgys =+ [ 84037}
57955.823  ( 0.050) 19 - 18 lvg - lvg e [ 84037]
58038.667 ( 0.050) 19 - 18 vy - 1lyg f [ 84037]
58930.412 ( 0.050) 19 - 18 lvges = lvgys A e [ 84037]
59004.969  ( 0.050) 19 - 18 vges - lvgys A f [ 84037)
60777.046  ( 0.050) 19 - 18 Tviges - lvgys z- [ 84037]
61084.375  ( 0.050) 2 - 3 oo ~ lvgye 3= [ 84037]
62880.639  ( 0.050) 2 - 3 Tvers ~ lvgye A f [ 84037]
63540.539  ( 0.050) 2 - 3 lve - lvg f [ 84037]
63554.142  ( 0.050) 2 - 3 lve - lyg e [ 84037]
63957.678  ( 0.050) 23 - 22 vsys - lvgs z+ [ 84037}
65522.258 ( 0.050) 5 - 6 e - lugys z+ [ 84037]
65526.057 ( 0.050) 20 - 19 lvg - lvs e [ 84037]
65613.063 ( 0.050) 20 - 19 vy - lyg f [ 84037]
66507.655  ( 0.050) 20 - 19 lvgye - lvgs A e [ 84037]
66599.864  ( 0.050) 20 - 19 lvgyo - lvgy A f [ 84037)
68368.383  ( 0.050) 20 - 19 Ivers - lvgge x- [ 84037]
68725.135 ( 0.050) 1 - 2 Ivers - lvgys 3= [ 84037]
71163.138  ( 0.050) 1 - 2 lvg - 1lvg f [ 84037]
71172.216  ( 0.050) 1 - 2 lve - 1y e [ 84037]
71568.712  ( 0.050) 24 - 23 lvso - lvgys =+ [ 84037)
73093.418 ( 0.050) 21 - 20 lvs - 1lvg e [ 84037]
73155.331  ( 0.050) 4 - 5 Wers - lvgyo I+ [ 84037]
73184.521 ( 0.050) 21 - 20 lvg - lvg f [ 84037]
74079.297  ( 0.050) 21 - 20 lvgre - lveyy A e | [ 84037]
74191.989  ( 0.050) 2t - 20 Tvgee —  lvgys A f [ 84037]
75956.650  ( 0.050) 21 - 20 lvges - lvgys z- [ 84037]
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TABLE 16.4. Microwave spectrum of 1,3 -butadiyne — Continued CH;
Isotopic Frequency Unc. J' J" Vib. Ref.
species (MHz) (MHz) state
79180.490  ( 0.050) 25 24 1vs4e 1Wero 3+ [ 84037]
80657.824  ( 0.050) 22 21 1vs lvg e [ 84037]
80753.049  ( 0.050) 22 21 1vs 1vg f [ 84037]
80790.589  ( 0.050) 3 4 1ves0 lvgee  S* [ 84037]
81645.035  ( 0.050) 22 21 1vsse e, A e [ 84037]
§1781.383  ( 0.050) 22 21 1vg.e 1vs4s A f [ 84037]
83541.884  ( 0.050) 22 21 Tvg,s We,o 37 [ 84037]
85818.945  ( 0.050) 2 2 16,9 ve,e  fe [ 84037)
85826.894  ( 0.050) 3 3 1ero Vs, of [ 84037]
86411.081 ( 0.050) 2 2 1vs 1vg ef [ 84037]
86414.742  ( 0.050) 1 1 1ve 1vg ef [ 84037]
86423.868  ( 0.050) 1 1 1vs 1vs fe [ 84037]
86438.408  ( 0.050) 2 2 1ve 1vg fe [ 84037]
88428.528  ( 0.050) 2 3 1Weyo lvg,e =% [ 84037
91663.350  ( 0.050) 1 0 1eyo lvs,e  =- [ 84037]
96069.222  ( 0.050) 1 2 1V6ss lugye =+ [ 84037]
99314.932  ( 0.050) 2 1 1Vero 1vs,o - [ 84037]
101671.864  ( 0.050) 2 1 1ve 1vs e [ 84037]
101681.069  ( 0.050) 2 1 1v 1vg f [ 84037]
103712.513  ( 0.050) 0 1 1610 lvgys S+ [ 84037]
106969.288  ( 0.050) 3 2 1Vero lvg, 3 [ 84037}
108765215  ( 0.050) 3 2 1649 lvs.e A e [ 84037]
109303.585  ( 0.050) 3 2 1ve 1vs e [ 84037]
109317.300  ( 0.050) 3 2 1ve 1vs f [ 84037]
114626.348  ( 0.050) 4 3 1Vere lvg,s  =- [ 84037]
116421.888  ( 0.050) 4 3 1Vero ve,e A f [ 84037}
116938.002  ( 0.050) 4 3 1vs 1vg e [ 84037]
116956.002  ( 0.050) 4 3 1ve 1vg f [ 84037]
119007.306  ( 0.050) 1 0 ers 1vg,e =+ [ 84037}
122286.102  ( 0.050) 5 4 1Vers lvgy 27 [ 84037]
124081.088  ( 0.050) 5 4 1640 Tvg,o A f [ 84037]
124081.895  ( 0.050) 5 4 1649 v, A e [ 84037]
124575.054  ( 0.050) 5 4 1ve 1vg e [ 84037}
124598.152  ( 0.050) 5 4 1v 1vg f [ 84037]
126658.622  ( 0.050) 2 1 Weso lvg,s =% [ 84037]
129948.152  ( 0.050) 6 5 1Wers v, X7 [ 84037]
131743.177  ( 0.050) 6 5 1ves e A f [ 84037]
131744522  ( 0.050) 6 5 1Vere 1vg,s A e [ 84037]
132214.860  ( 0.050) 6 5 1vs 1vs e [ 84037]
132242.665 ( 0.050) 6 5 1ve 1vg f [ 84037]
134312.637  ( 0.050) 3 2 1Vers 1vg,o =t [ 84037]
137613.722  ( 0.050) 7 6 1640 1vg,s 3= [ 84037]
139407.832  ( 0.050) 7 6 Tveis vse A f [ 84037]
139410.194  ( 0.050) 7 6 1Vero Tvg,e A e [ 84037]
139857.357  ( 0.050) 7 6 1ve 1vs e [ 84037]
139889.795  ( 0.050) 7 6 1ve 1ug f [ 84037]
141969.201  ( 0.050) 4 3 1ve4o vy 3+ [ 84037]
145281.547  ( 0.050) 8 7 1640 lvg,e 27 [ 84037]
147074.973  ( 0.050) 8 7 1veys gy A f [ 84037}
147079.000  ( 0.050) 8 7 1vers lvg,s A e [ 84037]
147502.487  ( 0.050) 8 7 1ve lug e [ 84037]
147539.698  ( 0.050) 8 7 1ve vy f [ 84037}
149628.128  ( 0.050) 5 4 1ers lvgee  =* [ 84037]
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Table 17.1. Rotational constants for the ground, the v,;=1 and the v,z=1 states of l-butene-3-yne and

1-butene-3-yne-4d.

Parameter Ground State vig =1 Vig =1 Ground State viz =1 vig =1
Rotational Constants [80032)

A (MHz) 50308.(55) 49274.(59) 51676.(53) 49393.(34) 48337.(36) 50866.(49)

B (MHz) 4744,9317(77)  4763.276(11) 4747.7146(81) 4403.9538(40) 4420.6331(43) 4406.1168(51)
c (MHz) 4329.7899(77)  4337.5385(99)  4338.6433(83) 4037.8007(40) 4044.8607(43) 4045.6294(51)
D; (kHz) 1.93(22) 2.17(28) 1.86(21) 1.56(11) 1.60(12) 1.60(14)
Djyx (kHz) -83.22(67) -70.90(86) -93.19(64) -77.35(34) -66.43(46) -88.66(44)
Electric Dipole Moment [70061]

uy (D) 0.223(20) 0.206(8)

wy (D) 0.02 0.02

Table 17.2. Rotational analysis for the
ground state of 1-butene-3-yne
in the present work.

Parameter CH,=CHC=CH
A" (MHz) 50291.4(107)
B" (MHz) 4744,872(5)
c" (MHz) 4329.687(5)
T, (MHz) 0.31029(46)
T, (MHz) 0.01873(37)
1,4 (MHz) 1.119(88)
Thbpb (MHZ) -0.01055(39)
Tecee (MHZ) -0.00449(36)

8The value of 1, is derived from the

planarity

conditions.
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TABLE 17.3. Microwave spectrum of 1-butene-3-yne CH,
Isotopic Frequency Unc. J(K_1,K 1) J(K_1.K 1) Vib. Ref.
species (MHz) (MHz) state
CH,CHCCH 9074.740  ( 0.020) 1( 0, 1) 0( 0, 0) { 70061]
9086.30  ( 0.02) (0, 1) 0( 0, 0) lvig [ 70061]
9100.73  (0.02) 10, 1) 00, 0) vy [ 70061]
9113.0  (0.1) 100, 1) 0 0, 0) vz, lvis [ 70061]
9127.5 (0.1) (0, 1) 0( 0, 0) 2vg [ 70061]
17734530 ( 0.020) 21, 2) 101, 1) { 70061]
17763.05  ( 0.02) 2( 1, 2) 101, 1) v [ 70061]
1777605  ( 0.02) 21, 2) ST NN 1vis [ 70061]
177940  ( 03) 21, 2) (1,0 2vis [ 70061]
17806.5 (0.1) 21,2 Ly v, lvgg [ 70061]
17816.5 (0.1) 21, 2) (1 1) vy [ 70061
18146.580 ( 0.020) 2(0, 2 1(0, 1) [ 70061]
18169.97  ( 0.02) 200, 2) (0, 1) v [ 70061)
18198.58  ( 0.02) 2(0, 2 1(0, 1) vy [ 70061]
18221.1 (0.1) 2(0, 2) 1(0, 1) lvg, lvgg [ 70061}
18429.1 (01) 20,2 10 1) 2vis [ 70061]
18564.910  ( 0.020) 201, 1) (1,0 [ 70061]
18582.16  ( 0.02) 21,1 (1, 0 v [ 70061)
18600.3 (03) 20,1 1(1, 0) pATYS [ 70061]
18627.64  ( 0.02) 2(1, 1) (10 vy [ 70061]
186430  ( 0.2) 21, 1) 1( 1, 0) v, lvig { 70061]
18689.3 (o1) 20141 1( 1, 0) 2vy; [ 70061}
26599.930  ( 0.020) 3( 1, 3) 21,2 [ 70061)
26644.19  ( 0.02) 3( 1, 3) 21, 2) 1vis [ 70061]
26662.18  ( 0.02) (1, 3) 21,2 v [ 70061]
26688.0 (03) 3143 2142 2vys [ 70061}
267070  ( 0.1) 31, 3) (1,2 v, lug [ 70061]
26723.00  ( 0.05) 31, 3) 21, 2) 2vi3 { 70061]
27212.620  ( 0.020) 3( 0, 3) 200, 2 [ 70061]
27225.950  ( 0.020) 3(2 2 22, 1) [ 70061]
27237.270  ( 0.020) (20 202, 0 [ 70061}
2724822  ( 0.02) 3(0, 3 200, 2) lvgg [ 70061]
27261.07 ( 0.02) 3( 2, 2) 22, 1) 1vis [ 70061]
2727176 ( 0.03) 3(2, 0 220 v [ 70061]
27290.06  ( 0.02) 30, 3) 20, 2) vis [ 70061]
27303.86  ( 0.02) (2,2 202, 1) vy [ 70061]
27316.07  ( 0.02) 3(2, 22, 0) vy [ 70061]
2736577  ( 0.05) 3( 0, 3) 200, 2) 2vy5 [ 70061]
2738029  ( 0.05) 3(2 2 22, 1) 2vy [ 70061]
2739295  ( 0.05) (2, 1) 2( 2, 0) 213 [ 70061]
27845.380 ( 0.020) 3(L 2 2L, 0 [ 70061]
2787138 ( 0.02) 31,2 201, 1) vis [ 70061]
27898.0 (03) 31,2 2(1, 1) vy [ 70061}
27939.32  ( 0.02) 3( 1, 2) 21, 1) Tvys [ 70061]
2796170  ( 0.05) (1,2 21, 1) vy, lvig [ 70061]
28031.60  ( 0.05) 3(1,2) (1, 1) vy { 70061]
35463.220 ( 0.050) 41, 9 (1, 3) [ 80032)
35522.305 ( 0.050) 419 3(L 3 1vys [ 80032]
35545.760 ( 0.050) a1, 4 31, 3) vy [ 80032}
36270.165 ( 0.050) 40, 9 3(0, 3 [ 80032]
36298.870 ( 0.050) 42, 3) 32,2 [ 80032]
36310025 ( 0.10) 431 3(3 0) [ 80032]
36310.025 ( 0.10) 43,2 3(3 1) [ 80032]
36318.335 ( 0.050) 40, 4 30 3) lvig [ 80032]
36327.075 ( 0.050) 42,2 (2,0 { 80032]
36345.890 ( 0.050) 4 2, 3) 3(2,2 lvis [ 80032]
36356.990  ( 0.050) 403, 1) 3( 3,0 v [ 80032]
36356.990 ( 0.050) 43,2 3(3 0 lvis [ 80032}
36372.310 ( 0.050) 40, 4 3(0, 3 vy [ 80032]
36372.480  ( 0.050) 42, 2) (2, 1) lvig [ 80032]
36402.620  ( 0.050) 42, 3) 3(2,2) vis [ 80032]
36413.893  ( 0.050) 43, 1) 3(3,0 lvis [ 80032]
36413.893  ( 0.050) 43,2 3( 3 1) 1vis [ 80032]
36432.990 ( 0.050) 42,2 3(2, 1 v [ 80032}
37123.640  ( 0.050) 41, 3) (1,2 [ 80032]
37158.465 ( 0.050) 41, 3) 3(1,2 1vis [ 80032]
37248.615  ( 0.050) 41,3 3(1,2) v, [ 80032]
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TABLE 17.3. Microwave spectrum of 1-butene-3-yne — Continued CH,
Isotopic Frequency Unc. J'(K_,Ky) - J(K_1,K4) Vib. Ref.
species (MHz) (MHz) state
63362.840 ( 0.050) 70,7 - 60 6 [ 77036]
63503.250 ( 0.050) 7(2,6) - 62,5 [ 77036]
63555250 ( 0.100) 73,4 - 63,3 [ 77036]
63559.630  ( 0.100) 752 - 65 1) [ 77036])
63660.820 ( 0.050) 72,5 - 62, 4 [ 77036]
64936.590 ( 0.100) 7(1,6) - 6(1,5) [ 77036]
88558.980 ( 0.130) 10( ,10) - 91,9 [ 77036]
90279.350 ( 0.130) 10( 0,10) - 9(0, 9 [ 77036}
90675.270 ( 0.070) 10(2,9 - 92 8) [ 77036}
90802.530 ( 0.070) 10( 4, 7)- - 9( 4, 6) [ 77036)
90805.710 ( 0.070) 10( 5,5 - 9(5s, 4) [ 77036]
90813.630 ( 0.070) 10( 3,8 - 93,7 [ 77036]
90817.790  ( 0.050) 1006, 4 - 96 3) [ 77036]
90823.130 ( 0.070) 13,7 - 93,6 [ 77036)
90835.610 ( 0.070) 10(7,3) - 97,2 [ 77036]
90858.100 ( 0.070) 100 8,2) - 98 1) [ 77036]
90884.550 ( 0.070) 10(9,1) - 99 0 [ 77036]
91135390 ( 0.070) 1(2,8 - 92,7 [ 77036]
CH,CHCCD 8441.741 ( 0.050) 1(0, 1) - 0(0, 0) [ 80032}
8451.730  ( 0.050) 1(0, 1) - 0(0, 0 lvgg { 80032]
8465.504  ( 0.050) 1(0,1) - 0(0,0 lvgs [ 80032]
8489.0 (01) 1(0, 1) - 0(0, 0 vy, [ 70061]
8512.0 (01) 1(0, 1) -~ 0(0,0 3vy; [ 70061]
16517.602  ( 0.050) 21,2 - 1LY [ 80032]
16543.265 ( 0.050) 21,2 - 1(1, 1) vis .[ 80032]
16555.400 ( 0.050) 21,2 - (LY vy [ 80032]
16569.0 (03) 21L,2 - 1LY vy [ 70061]
16592.5 (02) 2A1,2 - 1(1L, 1 2vs [ 70061]
16881.231  ( 0.050) 20,2 - 1(0, 1) [ 80032]
16901.368  ( 0.050) 200,2) - 1(0, 1) vy [ 80032)
16922.0 (03) 200,22 - 10, 1) 2vis [ 70061}
16928.523  ( 0.050) 2(0,2) - 1(0, D lvy; [ 80032]
16975.5 (02) 2(0,2) - 1(0, 1) 2v13 [ 70061]
17019.5 (02) 2(0,2 - 1(0, 1) 3y [ 70061]
17249.939  ( 0.050) 2L 1D - 1(1,0 [ 80032]
17264.280 ( 0.050) LD - 11,0 lusg [ 80032]
17279.5 (03) 2L - 11,0 2uyg [ 70061]
17307.000 ( 0.050) 2L, 1) - 1(1,0) vy [ 80032]
17362.3 (03) LD - 1(1,0 2v1s [ 70061}
17418.7 (03) 2L 1) - 1(LO 3 [ 70061}
24774933  ( 0.050) 3(L3) - 21,2 [ 80032]
24813.560 ( 0.050) (L3 - 2L 2 1vig [ 80032]
24831.552  ( 0.050) (L3 - 2(L2 1vys [ 80032]
24853.1 (03) 3(L,3) - 21,2 vy [ 70061]
24886.5 (03) 3(L,3) - 2(1,2 2vy3 [ 70061]
24942.1 (03) 3(1,3 - 2(1,2) 3vis [ 70061]
25316.186  ( 0.050) 3(0,3 - 2(0,2) [ 80032]
25326.982  ( 0.050) 32,2 - 220 [ 80032)
25335.828 ( 0.050) 3(2, 1) - 2020 [ 80032]
25346.700  ( 0.050) 3(0,3) - 2(0,2 1vis [ 80032]
25357.249  ( 0.050) 3(2,2) - 22, 1) 1vys [ 80032]
25365.538 ( 0.050) 3(2, 1) - 2020 lvyg [ 80032]
25386.704  ( 0.050) 3(0,3) - 2(0,2 v [ 80032]
25397.912  ( 0.050) 32,2 - 22, 1) vy [ 80032]
25407.487 ( 0.050) 3(2,1) - 22 0 vy [ 80032]
25468.3 (05) 3(2,2) - 2021 2vy3 [ 70061]
25476.5 (05) (2, 1) - 2(20 2vyy [ 70061]
25536.8 (05) 32,2 - 22,1 vy [ 70061}
25546.0 (05) 3(2, 1) - 2020 3vys [ 700611
25873.410 ( 0.050) 3(1,2) - 21, 1) [ 80032]
25895.031 ( 0.050) 3(1,2) - 2(1L, 1) vis [ 80032]
25918.3 (03) 30,2 - 2141 PV [ 70061]
25958.880  ( 0.050) 3(1,2) - 2L D) Ivis [ 80032]
26043.3 (03) 3(1,2) - 21,01 2vi3 [ 70061]
26125.3 (05) (L2 - 2L D) 3uy, { 70061}
33030523 ( 0.050) 41,4 - 31,3 [ 80032}
33082.178 ( 0.050) L4 - 313 lvyg [ 80032]
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TABLE 17.3. Microwave spectrum of 1-butene-3-yne — Continued CHa
Isotopic Frequency  Unc. J K 1, K1) - J'(K-1,K4) Vib. Ref.
species (MHz) (MHz) state
33105.801 ( 0.050) 41,4 - 31,3 1vy, [ 80032]
33179.8 (03) 41,4 - 3(L3 2vys [ 700611
33251.7 (03) 41,4 - 3L 3 3vis [ 70061]
33744.355 ( 0.050) 40,4 - 303 [ 80032]
33767.383  ( 0.050) 42,3 - 322 [ 80032)
33776.635 ( 0.050) 43,2) - 3(3, 1D [ 80032]
33776.635  ( 0.050) 403, 1) - 3030 [ 80032]
33785.663  ( 0.050) 40,4 - 303 lvys [ 80032]
33789.618  ( 0.050) 4(2,2) - 3(2, 1 [ 80032]
33807.800 ( 0.050) 4(2,3) - 302, 2 lugg [ 800321
33817.130  ( 0.050) 4(3,2) - 3(3 ) lvis [ 80032]
33817.130  ( 0.050) 403, 1) - 3(3 0 1 [ 80032]
33828.670  ( 0.050) 4(2,2) - 3(2, 1 lvyg [ 80032}
33837.553  ( 0.050) 40,4 - 300, 3 lvy; [ 80032]
33861.830 ( 0.050) 4(2,3) - 3022 lvy; [ 80032]
33871.151  ( 0.050) 43,2 - 331 1vy; [ 80032]
33871.151  ( 0.050) 403, 1) - 33,0 lvys [ 80032]
33885.830 ( 0.050) 4(2,2) - 320 lv; [ 80032]
33955.0 (05) 402, 3) - 322 2vy [ 70061]
33964.0 (05) 403, 2) - 33, ) 2vy3 [ 70061]
33964.0 (05) 43, 1) - 3(3 0 2vp; [ 70061]
33980.3 (05) 4(2,2) - 320 2vy; [ 70061]
34495.050 ( 0.050) 41,3 - 312 [ 80032]
34524.050  ( 0.050) 4(1,3) - 31,2 lvgg [ 800321
34554.0 (0.3) 41,3 - 3(L2 2vig [ 70061)
34608.790  ( 0.050) 41,3 - 31,2 tvis [ 80032]
34720.0 (03) 41,3 - 3(1,2 2uy, [ 70061]
34831.0 (03) 41,3 - 31,2 3vis [ 70061]
Table 18.1. Molecular constants for methylene cyclopropene and its
13C isotopic forms. [86013]
1 1 1
Parameter HC=CHC=CH, H!3C=CHC=CH, HC=CHC=!3CH,

Rotational Constants

A

B

C

A

(MHz)
(MHz)
(MHz)

(u &%)

29294.60(103)
7154.36(6)
5744.23(6)

0.0894

Electric Dipole Moment

Ha (D)

1.90(2)

28618.83(1019)

7055.65(2)

5653.55(2

0.1048

)

29322.21(1599)
6903.74(5)
5581.52(5)

0.1059
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TaBLE 18.2. Microwave spectrum of methylenecyclopropene C.H,
Isotopic Frequency Unec. JEK_,Ky) - J'(K_,K40) Ref.
species (MHz) (MHz)
CHCHCCH, 2720747  (0.10) 21,1 - 1(1,0 [ 86013]
29454.45 (0.10) 6( 1,5 ~ 6(1,6) [ 86013]
CH, 3476046  ( 0.10) 11( 2,9 - 11( 2,10 [ 86013]
Il 35015.64  ( 0.10) 16( 3,13) - 16( 3,14) [ 86013]
C 36540.88 (0.10) 3(L,3) - 21,2 [ 86013]
/\ 3843600 (0.10) 30,3 - 200,2 [ 86013]
HC=CH 38695.53 (0.10) 3(2,2) - 22,1 [ 86013]
3895544 (1 0.10) 3(2,1) - 22,0 [ 86013]
BCHCHCCH, 26820.73 (0.10) 2L, 1) - 1(1,0 [ 86013]
29281.19  ( 0.10) 6(1,5 - 61,06 [ 86013]
35984.12  ( 0.10) 3(1,3 - 21,2 [ 86013]
37863.85  ( 0.10) 30,3 - 20,2 [ 86013]
38127.43 (0.10) 3(2,2 - 22,1 [ 86013]
3839130 (0.10) 3(2, 1) - 2020 [ 86013]
CHCHC"CH, 35437.85 (0.10) 3(0L,3) - 21,2 [ 86013]
37229.35 (0.10) 30,3 - 2(0,2 [ 86013]
37455.56  ( 0.10) 3(02,2) - 22, ) [ 86013]
3768222 ( 0.10) 3(2, ) - 22,0 [ 86013]
39402.98 (0.10) 3(L2 - 2L D [ 86013]

Table 19.1. Molecular constants for
2-butyne-~1,1,1-d,
(dimethyl acetylene). [84027}

Parameter Value?
B (MHz) 2982.4980(11)
Dy (kHz) 0.2570(9)
D (kHz) 9.776(12)
G (kHz) -93.90(11)
L (kHz) 25.97(6)

C  (kHz) -38.2(1)

s2L (kHz) 2.65(15)
sb 0.319(9)
Vyb (em 1) 5.62(16)
P (kHz) -123.2(75)

8The uncertainties are 2.5 times
standard deviations.
{84027] for definition of parameters.
Derived from other constants.

See reference
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TABLE 19.2. Microwave spectrum of 2-butyne-1,1,1-d; CH;
Isotopic Frequency Unc. JKmfj - J'K"'mf Ref,
species (MHz) (MHz)

CH;CCCD; 89446.00 (005 ) 15 0 3 - 14 0 3 [ 84027]
89458.51 (005 ) 15 2 3 - 14 2 3 [ 84027]
89458.51 (005 ) 15 4 0 - 14 4 0 [ 84027]
89459.52 (005 ) 1573 - 14 7 3 [ 84027}
89459.52 (0.05 ) 15 2-1 - 14 2-1 [ 84027]
89462.03 (005 ) 15 3 3 - 14 3 3 [ 84027)
8946394 (005 ) 1512 - 1412 [ 84027}
8946394 (005 ) 15 3 0 - 14 3 0 [ 84027]
89464.63 (005 ) 15 53 - 14 5 3 [ 84027)
89470.64 (005 ) 15 11 - 14 11 [ 84027)
89470.64 (005 ) 1510 - 1410 [ 84027]
89470.64 (005 ) 15 21 - 14 21 [ 84027]
8947160 (005 ) 15 0 0 - 14 0 O [ 84027]
113281.20 (005 ) 19 6 6 - 18 6 6 { 840271
113283.10 (005 ) 19 1 4 - 181 4 [ 84027}

113283.60 (005 ) 19 3-2 - 18 3-2 [ 84027]
T 11328450 (005 ) 19 1-3 - 18 1-3 [ 84027]
113287.10 ( 0.05 ) 19 7 6 - 18 7 6 [ 84027)
113288.10 (005 ) 19 6 0 - 18 6 O [ 84027)
11329090 ( 0.05 ) 19 8 6 - 18 8 6 [ 84027]
11329230 (005 ) 19 9 6 - 18 9 6 [ 84027}
113293.30 (005 ) 19 4-1 - 18 4-1 [ 84027
113293.30 (005 ) 19 2 4 - 18 2 4 [ 84027]
113295.63 (005 ) 19 0 3 - 18 0 3 [ 84027}
113300.15 (005 ) 19 6 5 - 18 6 5 [ 84027]
113300.15 ( 0.05 ) 19 50 - 18 50 [ 84027]
11330107 (005 ) 19 3 4 - 18 3 4 [ 84027}
113301.07 (005 ) 19 9 5 - 18 9 5 [ 84027
11330404 (005 ) 19 3—1 - 18 3-1 [ 84027]
113304.71 (005 ) 9 13 - 1813 [ 840271
11330560 (005 ) 19 1-2 - 18 1-2 [ 840271
11330643  (0.05 ) 19 8 3 - 18 8 3 [ 84027]
113307.03 (005 ) 19 72 - 18 7 2 [ 84027}
113307.03 (005 ) 19 4 4 - 18 4 4 [ 84027]
113308.30 (005 ) 19 8 4 - 18 8 4 [ 84027]
113309.86 (005 ) 19 7 4 - 18 7 4 [ 84027]
113310.63 ( 0.05 ) 19 5 4 - 18 5 4 [ 84027]
11331149 (005 ) 19 2 3 - 18 2 3 [ 84027]
11331149 (005 ) 19 4 0 - 18 4 0 [ 84027)
113312.68 (005 ) 19 7 3 - 18 7 3 [ 84027]
113312.68 (005 ) 19 2—-1 - 18 2-1 [ 84027)
11331344 (005 ) 19 0 2 - 18 0 2 [ 84027)
11331396 ( 0.05 ) 19 51 - 18 51 [ 84027]
11331467 (005 ) 19 6 2 - 18 6 2 [ 84027]
113315.95 (005 ) 19 3 3 - 18 3 3 [ 84027)
113317.11 (005 ) 19 6 3 - 18 6 3 [ 84027)
11331760  ( 0.05 ) 19 4 3 - 18 4 3 [ 84027]
11331832 (005 ) 9 1 2 - 1812 [ 84027
113318.32 (005 ) 19 3 0 - 18 3 0 [ 84027]
11331920 (005 ) 19 5 3 - 18 5 3 [ 84027
113319.90 (005 ) 19 5 2 - 18 5 2 [ 84027}
11332040 (005 ) 19 4 1 - 18 4 1 [ 84027)
113320.80 (005 ) 19 1—-1 - 18 1-1 [ 84027]
113323.21 (005 ) 19 2 2 - 18 2 2 [ 84027
113323.21 (005 ) 19 4 2 - 18 4 2 [ 84027
11332370 (005 ) 19 20 - 18 20 [ 84027
11332413 (005 ) 19 3 2 - 18 3 2 [ 84027
11332465 (005 ) 19 01 - 18 01 [ 84027
11332465 (005 ) 19 3 1 - 18 3 1 { 84027
113326.89 (005 ) 9 11 - 1811 [ 84027
11332689 (005 ) 9 10 - 1810 [ 84027]
11332689 (005 ) 9 21 - 18 2 1 [ 84027
11332804 (005 ) 19 00 - 18 00 [ 84027)
13712590 (005 ) 23 6 6 - 22 6 6 [ 84027]
13712830 (005 ) 23 1 4 - 22 1 4 [ 84027]
137128.80 ( 0.05 ) 23 3-2 - 22 3-2 [ 84027
13712990 (005 ) 23 1-3 - 22 1-3 [ 84027
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TaBLE 19.2. Microwave spectrum of 2-butyne-1,1,1-d; — Continued CiHs
Isotopic Frequency Unc. JKmi - J'K"mj Ref.
species (MHz) (MHz)

137133.10 (005 ) 23 76 - 22 7 6 [ 84027]
137134.30 (005 ) 23 6 0 - 22 6 0 [ 84027]
137137.60 (005 ) 23 8 6 - 22 8 6 [ 84027]
137139.40 (005 ) 23 9 6 - 22 9 6 [ 84027]
13714040 (005 ) 23 4-1 - 22 4-1 [ 84027}
137140.40 (005 ) 23 2 4 - 22 2 4 [ 84027]
137143.39 (005 ) 23 0 3 - 22 0 3 [ 84027]
137145.45 (005 ) 23 8 2 - 22 8 2 [ 84027]
137146.10 (005 ) 23 9 3 - 22 9 3 [ 84027]
137148.86 (005 ) 23 5 0 - 22 50 [ 84027]
137148.86 (005 ) 23 6 5 - 22 6 5 [ 84027]
137149.99 (005 ) 23 3 4 - 22 3 4 [ 84027]
137145.99 (005 ) 239 5 - 22 9 5 [ 84027]
137153.64 (005 ) 23 3—-1 - 22 3-—1 [ 84027]
137154.37 (005 ) 23 01 3 - 22 1 3 [ 84027]
137155.51 (005 ) 23 1-2 - 22 1-2 [ 84027]
137156.45 (005 ) 23 8 3 - 22 8 3 [ 84027]
137157.23 (005 ) 23 4 4 - 22 4 4 [ 84027]
137157.23 (005 ) 2307 2 - 22 7 2 [ 84027]
137158.74 (005 ) 23 8 4 - 22 8 4 [ 840271
137160.60 (005 ) 23 7 4 - 22 7 4 [ 84027]
137161.46 (005 ) 23 5 4 - 22 5 4 [ 84027]
137162.54  ( 0.05 ) 23 2 3 - 22 2 3 [ 84027]
137162.54 (005 ) 23 4 0 - 22 4 0 [ 84027]
137164.08 (005 ) 23 2—-1 - 22 2-1 [ 84027]
137164.08 (005 ) 2307 3 - 22 7 3 [ 84027]
137164.84 (005 ) 232 0 2 - 22 0 2 [ 84027]
137165.56 (005 ) 23 5 1 - 22 5 1 { 840271
137166.21 (005 ) 23 6 2 - 22 6 2 [ 84027]
13716796 (005 ) 23 3 3 - 22 3 3 [ 84027]
137169.29 (005 ) 23 6 3 - 22 6 3 [ 84027]
13716990 (005 ) 23 4 3 - 22 4 3 [ 84027]
137170.85 (005 ) 2301 2 - 221 2 [ 84027]
137170.85 (005 ) 23 3 0 - 22 30 [ 84027]
137171.82 (005 ) 23 5 3 - 22 5 3 [ 84027]
137172.81 {005 ) 22 5 2 - 22 52 [ 84027]
137173.32 (005 ) 23 4 1 - 22 4 1 [ 84027]
137173.73 (005 ) 23 1-1 - 22 1-1 [ 84027]
137176.74 (005 ) 23 2 2 - 22 2 2 [ 84027]
137176.74 (005 ) 23 4 2 - 22 4 2 [ 84027)
137177.33 (005 ) 23 2 0 - 22 20 [ 84027]
137177.94 (005 ) 23 3 2 - 22 3 2 [ 84027]
137178.50 (005 ) 23 01 - 22 0 1 [ 84027]
137178.50 (005 ) 23 31 - 22 3 1 [ 84027)
137181.18 (005 ) 2311 - 22 1 1 [ 84027]
137181.18 (005 ) 23 1 0 - 22 1 0 [ 84027]
137181.18 (005 ) 23 21 - 22 21 [ 84027]
137182.58 (0.05 ) 23 0 0 - 22 0 O [ 84027]
155027.73 (005 ) 26 0 3 - 250 3 [ 84027]
155030.13 (005 ) 26 8 2 - 25 8 2 [ 84027)
155030.81 (005 ) 26 9 3 - 25 9 3 [ 84027}
155033.93 (005 ) 26 5 0 - 25 50 [ 84027]
155033.93 (005 ) 26 6 5 - 25 6 5 [ 84027]
155035.17 (005 ) 26 3 4 - 25 3 4 [ 84027]
155035.17 (005 ) 26 9 5 - 25 9 5 [ 84027]
155039.27 (005 ) 26 3—1 - 25 3-—1 [ 84027]
155040.14 (005 ) 26 1 3 - 251 3 [ 84027]
155041.46 (005 ) 26 1-2 - 25 1-2 [ 84027)
155042.47 (005 ) 26 8 3 - 25 8 3 [ 84027
155043.40 (005 ) 26 4 4 - 25 4 4 [ 84027]
155043.40 (005 ) 26 7 2 - 25 7 2 [ 84027]
155047.22 (005 ) 26 7 4 - 25 7 4 [ 84027]
155048.19 (005 ) 26 5 4 - 25 5 4 [ 84027]
155049.37 (005 ) 26 2 3 - 25 2 3 [ 84027]
155049.37 (005 ) 26 4 0 - 25 4 0 [ 84027]
155051.13 (005 ) 26 2—1 - 25 2-1 [ 84027]
155051.13 (005 ) 26 7 3 - 25 7 3 [ 84027]
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TABLE 19.2. Microwave spectrum of 2-butyne-1,1,1-d; — Continued CsHs
Isotopic Frequency Unc. J'K'myig J"K"mj Ref.
species (MHz) (MHz)

155052.02 (005 ) 26 0 2 25 0 2 [ 84027]
155052.74 (005 ) 26 5 1 25 5 1 [ 84027]
155053.70 (005 ) 26 6 2 25 6 2 [ 84027]
155055.51 (005 ) 26 3 3 25 3 3 [ 84027]
155057.03 ( 0.05 ) 26 6 3 25 6 3 [ 84027]
155057.70 (005 ) 26 4 3 25 4 3 [ 84027]
155058.77 (005 ) 26 1 2 25 1 2 [ 84027)
155058.77 (005 ) 26 3 0 25 3 0 [ 840271
155059.87  ( 0.05 ) 26 5 3 25 5 3 [ 84027]
155060.97 (005 ) 26 5 2 25 5 2 [ 84027]
155061.57 (005 ) 26 4 1 25 4 1 [ 84027]
155062.06 ( 0.05 ) 26 1—-1 25 1-1 [ 84027]
155065.41 (005 ) 26 2 2 25 2 2 [ 84027]
155065.41 (005 ) 26 4 2 25 4 2 [ 84027]
155066.10 (005 ) 26 2 0 25 2 0 [ 840271
155066.79 (005 ) 26 3 2 25 3 2 [ 84027}
155067.41 (005 ) 26 0 1 25 0 1 [ 84027)
155067.41 (005 ) 26 3 1 25 3 1 [ 84027]
15507043  ( 0.05 ) 26 1 0 25 1 0 [ 84027]
155070.43  ( 0.05 ) 26 1 1 25 1 1 { 84027
15507043  ( 0.05 ) 26 2 1 25 2 1 [ 84027
155072.03 (005 ) 26 0 0 25 00 [ 84027]
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Table 20.1. Molecular constants for l-butyne (C,H;) in the ground and
lowest torsional and bending states.
Vay =1 vis = 1
Parameter Ground State Methyl torsion C=C-C bend

Rotational Constants [present]

A" (MHz)
B" (MHz)
c" (MHz)
T, (MHz)
T, (MHz)
1,8 (MHz)

Taaaa (MHz)

Thbbbb (MHz )
Tecee (MHZ)
Hy  (H2)
HJK (HZ)
HKJ (HZ)
HK (HZ)
hy  (Hz)
hyx  (Hz)
hy  (Hz)

27147.8126(50)
4546.47932(83)
4086.87510(80)
0.150285(16)
0.0118211(46)
1.019(1)
-2.147587(584)
-0.0160141(43)
-0.0059185(41)
0.00933(36)
-0.3410(280)
-0.6504(933)
33.55(130)
0.00681(22)
0.1754(238)

-15.68(196)

28014.44(97)
4544.7101(82)
4086.3148(95)

0.2328(30)

0.02317(52)

1.31(12)
-2.75(354)
-0.015469(83)

-0.00426(38)

Internal Rotation Constants [85014, 83039)

w, (s)

8(a,i)

I, (uih
s

F (GHz)

V, (em™1)

-0.1469(12)x107%

47.55(19)°
3.180(12)
82.81(8)
175.30(66)

1089.9(53)

Electric Dipole Moment [83038]

(D)

Hp (D)

0.763(3)

0.170(4)

48.454(13)°
3.1635b
86.57(26)
176.162

1144.8(4)

26407.94(25)
4559.084(8)
4092.689(4)

0.0786(13)
-0.69(170)x10"*

0.077(26)

3.71(78)
-0.015969(65)

-0.005428(16)

-4.84(41)

8The value of 1y is fixed by setting Ry = 0.

'Assumed value.
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Table 20.2. Molecular constants for the vibrationally excited

states v;5 = 2 and 3 and v,, = 1 of l-butyne. {83038}

Vibrational A B C Dyx
State (MHz) (MHz) (MHz) (kHz)
Vg = 2 25728.(39)  4571.424(23)  4098.195(23) -8.8(21)
vys =3 25000.(32) 4583.534(26) 4103.500(29) 21.2(25)
vy, =1 26991.(38)  4547.096(23)  4091.436(23) -45.6(22)
Comments: For the v,,=1 state the following transitions were not

included in the fit:

Transition Frequency sv(obs-calc)
%ﬂHzg ?MHZ?

18; 17717516  154299.32 -0.58

183 15-17377,  156595.53 0.26

181.17-171,16  157387.87 0. 14

and similarly for the v,s;=1 state:

413 - 4gy
273 247273 25
176,127166 11
175 137165 19
185 147175 13
251 ,247241,23
253 23724322
271,267261,25

24504,

30421.
147247,
147316.
156006.
215354,
216453,
231539.

22
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TABLE 20.3. Microwave spectrum of 1-butyne CiH,
Isotopic Frequency Unc. JK_,K4) - J"K-u,Ky) w Sym. Vib. Ref.
species (MHz) (MHz) state
CH;CH,CCH 8378.740 ( 0.010) 32( 7,26) - 33( 6,27) 0 E [ 85014]
8378.862 ( 0.010) 32( 7,26) - 33( 6,27) 0 4 [ 85014]
8466.011 ( 0.010) 32( 7,25) - 33( 6,28) 0 E [ 85014]
8466.081 ( 0.010) 32( 7,25) - 33( 6,28) 0 4 [ 85014]
8597.043 ( 0.010) 8 1,7y - 7(2 6) 0 4 [ 85014]
8597.093 ( 0.010) 8L, T - 72 6 0 E [ 85014]
8633.419 ( 0.010) (0, 1) - 0(0, 0 0 E [ 85014]
8633.419 ( 0.010) 1(0,1) - 0(0,0) 0 4 [ 850141
8704.757 ( 0.010) 13( 2,11) - 13( 2,12) 0 E [ 85014]
8704.778 ( 0.010) 13( 2,11) - 13( 2,12) 0 4 [ 85014]
8778.098 ( 0.010) 72,5 - 81,38 0 E [ 85014)
8778.182 ( 0.010) 7(2,5 - 818 0 4 [ 85014]
9533.726  ( 0.010) 35( 6,30) - 34( 7,27) 0 A4 [ 85014]
9533.801 ( 0.010) 35( 6,30) - 34( 7,27) 0 E [ 85014]
9545.926  ( 0.010) 19( 3,16) - 18( 4,15) 0 4 [ 85014]
9546.030 ( 0.010) 19( 3,16) - 18( 4,15) 0 E [ 85014]
9644.014 ( 0.010) 6(1,5 - 6(1,6) 0 E [ 85014]
9644.014 ( 0.010) 6( 1,5 - 61,6 0 A4 [ 85014]
9707.115  ( 0.010) 35( 6,29) - 34( 7,28) 0 4 [ 85014]
9707.209 ( 0.010) 35( 6,29) - 34( 7,28) 0 E [ 85014}
9732.268 ( 0.010) 31( 4,27) - 30( 4,28) 0 E [ 85014
9732.298 ( 0.010) 31( 4,27) - 30( 4,28) 0 4 [ 85014]
9815.607 ( 0.010) 16( 4,13) - 17( 3,14) 0 E [ 85014]
9815.726  ( 0.010) 16( 4,13) - 17( 3,14) 0 4 [ 85014]
9980.311 ( 0.010) 22( 3,19) - 22( 3,20) 0 E [ 85014]
9980.337 ( 0.010) 22( 3,19) - 22( 3,20 0 4 [ 85014]
10585.075 ( 0.010) 37( 8,30) - 38( 7,31) 0 E [ 85014}
10585.209 ( 0.010) 37( 8,30) - 38( 7,31) 0 4 [ 85014]
10608.173  ( 0.010) 37( 8,29) - 38( 7,32) 0 E [ 85014)
10608.173  ( 0.010) 37( 8,29) - 38( 7,32) 0 4 [ 85014]
10647.743  ( 0.010) 15( 2,14) -~ 14( 3,11 0 A4 [ 85014)
10647.852 - ( 0.010) 15( 2,14) - 14( 3,11) 0 E [ 85014]
11334.829 ( 0.010) 14( 2,12) - 14( 2,13) 0 E [ 85014]
11334.851 ( 0.010) 14( 2,12) - 14( 2,13) 0 4 [ 85014]
11559.633  ( 0.010) 30( 5,26) - 29( 6,23) 0 4 [ 85014]
11559.735 ( 0.010) 30( 5,26) - 29( 6,23) 0 E [ 85014]
11656.016 ( 0.010) 12 ,12) - 11( 2, 9 0 4 [ 85014]
11656.122  ( 0.010) 12( ,12) - 11( 2, 9) 0 E [ 85014]
11951.037 ( 0.010) 5(2,4 - 6(1,5) 0 E [ 85014}
11951.100  ( 0.010) 5(2,4) - 6(1,5) 0 4 [ 85014]
12148.512  ( 0.010) 32( 4,28) - 32( 429) 0 E [ 85014]
12148.545 ( 0.010) 32( 4,28) - 32( 429 0 4 [ 85014]
12179.704  ( 0.010) 30( 5,25) - 29( 6,24) 0 4 [ 85014]
12179.811  ( 0.010) 30( 5,25) - 29( 6,24) 0 E [ 850141
12280.437 ( 0.010) 16( 4,12) - 17( 3,15) 0 E [ 85014}
12280.560 ( 0.010) 16( 4,12) - 17( 3,15) 0 4 [ 85014]
12392.817 ( 0.010) 11( 3, 8) - 12( 2,11) 0 E [ 85014]
12392.918 ( 0.010) 11( 3, 8) - 12( 2,11 0 A4 [ 85014]
17814.934  ( 0.010) 16( 2,15) - 15( 3,12) 0 4 [ 85014]
17815.038 ( 0.010) 16( 2,15) -~ 15( 3,12) 0 E [ 85014]
17993.857 ( 0.010) 16( 2,14) - 16( 2,15) 0 E [ 85014]
17993.903  ( 0.010) 16( 2,14) - 16( 2,15) 0 A4 [ 85014]
18277470 ( 0.010) 14( 1,14) - 13( 2,11) 0 4 [ 85014]
18277.587 ( 0.010) 14( 1,14) - 13( 2,11 0 E [ 85014]
18322.023 ( 0.010) 34( 4,30) - 34( 4,31) 0 E [ 85014]
18322.080 ( 0.010) 34( 4,30) - 34( 4,31) 0 A4 [ 85014]
18578.509 ( 0.010) 36( 6,31) - 35( 7,28) 0 4 [ 85014]
18578.587 ( 0.010) 36( 6,31) - 35( 7,28) 0 E [ 85014]
18819.114 ( 0.010) 36( 6,30) - 35( 7,29) 0 4 [ 85014]
18819.196 ( 0.010) 36( 6,30) - 35( 7,29) 0 E [ 85014]
19161.649 ( 0.010) 91,8 - 827 0 4 [ 85014]
19161.699  ( 0.010) 91,8 - 827 0 E [ 85014]
19203.422 ( 0.010) 15( 4,12) - 16( 3,13) 0 E [ 85014]
19203.541  ( 0.010) 15( 4,12) - 16( 3,13) 0 4 [ 85014)
19246.242 ( 0.010) 21( 1,21) - 20( 2,18) 0 A [ 85014]
19246.446 ( 0.010) 21( 1,21) - 20( 2,18) 0 E [ 85014]
19274.586 ( 0.010) 25( 3,22) - 25( 3,23) 0 E [ 85014]
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TABLE 20.3. Microwave spectrum of 1-butyne -— Continued CH;
Isotopic Frequency Unc. JK_,K1) J"(K_,Ki) v Sym. Vib. Ref.
species (MHz) (MHz) state
19274.638  ( 0.010) 25( 3,22) 25( 3,23) G 4 [ 850141
19525.595 ( 0.010) 36( 8,29) 37( 7,30) 0 E [ 85014]
19525.765  ( 0.010) 36( 8,29) 37( 7,30) 0 A4 [ 85014]
19541712  ( 0.010) 36( 8,28) 37( 7,31) 0 E [ 85014]
19541.712  ( 0.010) 36( 8,28) 37( 7,31) 0 4 [ 85014]
19580.715 ( 0.010) 20( 3,17) 19( 4,16) 0 4 [ 85014]
19580.814 ( 0.010) 20( 3,17) 19( 4,16) 0 E [ 85014)
20460.103  ( 0.010) 10( 3, 7) 11( 2,10) 0 E [ 85014]
20460.211 ( 0.010) 1003, 7) 11( 2,10) 0 4 [ 85014}
20559.226 ( 0.010) 15( 1,15) 14( 2,12) 0 A [ 85014]
20559.362 ( 0.010) 15( 1,15) 14( 2,12) 0 E [ 85014)
20590.394 ( 0.010) 31( 5,27) 30( 6,24) 0 4 [ 85014}
20590491 ( 0.010) 31( 5,27) 30( 6,24) 0 E [ 85014)
20611922 ( 0.010) 9( 1, 8) 91,9 0 E [ 85014]
20611.955 ( 0.010) 9( 1, 8) 9 1, 9) 0 4 [ 85014]
20941.642 ( 0.010) 15( 4,11) 16( 3,14) 0 E [ 85014)
20941.763  ( 0.010) 15( 4,11) 16( 3,14) 0 4 [ 85014]
21213.563 ( 0.010) 20( 1,20) 19( 2,17) 0 4 [ 85014}
21213.772  ( 0.010) 20( 1,20) 19( 2,17) 0 E [ 85014]
21441.066 ( 0.010) 31( 5,26) 30( 6,25) 0 A4 [ 85014]
21441171  ( 0.010) 31( 5,26) 30( 6,25) 0 E [ 85014)
21752.955 ( 0.010) 21( 3,19) 20( 4,16) 0 A [ 85014]
21753.070 ( 0.010) 21( 3,19) 20( 4,16) 0 E [ 85014]
21837.181 ( 0.010) 5(2,3) 6( 1, 6) 0 E [ 85014]
21837.266 ( 0.010) 5(2 3) 6( 1, 6) 0 4 [ 85014]
21889.923 ( 0.010) 20( 5,16) 21( 4,17) 0 E [ 85014]
21890.059 ( 0.010) 20( 5,16) 21( 4,17) 0 4 [ 85014]
21918.565 ( 0.010) 42, 3) 5(1, 4 0 E [ 85014]
21918.628 ( 0.010) 4 2, 3) 5(1, 4 0 4 [ 85014]
21991.115 ( 0.010) 26( 4,23) 25( 5,20) 0 A [ 85014]
21991.229 ( 0.010) 26( 4,23) 25( 5,20) 0 E [ 85014]
22043.809 ( 0.010) 17( 2,15) 17( 2,16) 0 E [ 85014]
22043.862 ( 0.010) 17(. 2,15) 17( 2,16) 0 A [ 85014]
22127227 ( 0.010) 16( 1,16) 15( 2,13) 0 A [ 85014]
22127.380 ( 0.010) 16( 1,16) 15( 2,13) 0 E [ 85014]
22149.020 ( 0.010) 35( 4,31) 35( 4,32) 0 E [ 85014]
22149.084 ( 0.010) 35( 4,31 35( 4,32) 0 4 [ 85014]
22407.987 ( 0.010) 500, 5) 41, 4 0 4 [ 85014]
22407.987 ( 0.010) 5(0, 5 441, 9 0 E [ 85014]
22428.630 ( 0.010) 20( 5,15) 21( 4,18) 0 E [ 85014]
22428.752  ( 0.010) 20( 5,15) 21( 4,18) 0 4 [ 85014]
22503.813  ( 0.010) 19( 1,19) 18( 2,16) 0 4 [ 85014]
22503.989 ( 0.010) 19( 1,19) 18( 2,16) 0 E [ 85014]
22972.558 ( 0.010) 17¢ 1,17) 16( 2,14) 0 4 [ 85014]
22972.709  ( 0.010) 17¢ 1,17) 16( 2,14) 0 E [ 85014]
23060.375 ( 0.010) 1( 1, 0) 10, 1) 0 4 [ 85014]
23060.399 ( 0.010) 11,0 1(0, 1) 0 E [ 85014]
23095.302 ( 0.010) 18( 1,18) 17( 2,15) 0 4 [ 85014}
23095.476 ( 0.010) 18( 1,18) 17( 2,15) 0 E [ 85014]
23148.910 ( 0.100) 17( 2,15) 17( 2,16) 1v)s [ 83038]
23357.735 ( 0.010) 26( 3,23) 26( 3,24) 0 E [ 85014]
23357.798 ( 0.010) 26( 3,23) 26( 3,24) 0 4 [ 85014]
23514.680 ( 0.100) 31,2 3(0 3 lvis [ 83038]
23527.086 ( 0.010) 2(1, 1) 2( 0,2 0 E [ 85014]
23527.111  ( 0.010) 201, 1) 2( 0,2 0 A [ 85014]
24162.217 ( 0.010) 25( 6,20) 26( 5,21) 0 E [ 85014]
24162.365 ( 0.010) 25( 6,20) 26( 5,21) 0 4 [ 85014]
24240.063 ( 0.010) (12 3(0 3 0 E [ 85014}
24240.086 ( 0.010) (L2 30,3 0 A [ 85014]
24316.393  ( 0.010) 26( 6,19) 26( 5,22) 0 E [ 85014]
24316.490 ( 0.010) 26( 6,19) 26( 5,22) 0 A [ 85014]
24504.220 ( 0.100) 41, 3) 400 4 lvgs [ 83038]
24652.929 ( 0.010) 17( 2,16) 16( 3,13) 0 4 [ 85014]
24653.034 ( 0.010) 17( 2,16) 16( 3,13) 0 E { 85014]
24786.453 ( 0.010) 26( 4,22) 25( 5,21) 0 A4 [ 85014]
24786.561 ( 0.010) 26( 4,22) 25( 5,21) 0 E [ 85014]
25092.47 (010) 10( 1, 9) 10( 1,10) 1 4 [ 83038]
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TABLE 20.3. Microwave spectrum of 1-butyne — Continued C.H,
Isotopic Frequency Unc. JK_,Ky) - J(K_,Ky1) w Sym. Vib. Ref.
species (MHz) (MHz) state
25094.50 (0.10) 10( 1, 9 - 10( 1,10) 1 E [ 83038]
25103.21 (0.10) 3(1,2 - 303 1 4 [ 83038]
25104.54 (0.10) 3(1,2) - 30,3 1 E [ 83038]
25151.704 ( 0.010) 10( 1, 9 -~ 10( 1,10) 0 4 [ 85014]
25151.704 ( 0.010) 10( 1, 9) - 10( 1,10) 0 E [ 85014]
25201.98 (0.10) 3(L,3) - L2 1 4 [ 83038]
25206.638 ( 0.010) 31,3 - 21,2 0 E [ 85014]
25206.638 ( 0.010) 31,3 - 21,2 0 4 [ 85014]
25214.664 ( 0.010) 4(1,3) - 40, 9 0 4 [ 85014]
25214.689 ( 0.010) 41,3 - 404 0 E [ 85014]
25228.08 (0.10) 3(L,3) - 1,2 lvy, [ 83038]
25251.160 ( 0.100) 3(1,3) - L2 lvs [ 83038]
25287.038 ( 0.010) 93,7 - 10(2, 08 0 E [ 85014]
25287.144 ( 0.010) 93,7 - 1002 8 0 4 [ 85014]
25294.04 (0.10) 3(1,3) - 21,2 2vys [ 83038]
25394.410 ( 0.100) 42( 7,36) - 41( 8,33) [ 83038]
25484.010 ( 0.100) 42( 7,35) - 41( 8,34) [ 83038]
25785.31 (010) 18( 2,16) - 18( 2,17) 1 4 [ 83038]
25786.130  ( 0.100) 501,49 - 500,95 1vis [ 83038]
25787.80 (0.10) 18( 2,16) - 18( 2,17) 1 E [ 83038]
25863.003 ( 0.010) 15( 2,13) - 14( 3,12) 0 A [ 85014]
25863.076 ( 0.010) 15( 2,13) - 14( 3,12) 0 E [ 85014]
25866.62 (0.10) 30,3 - 2(0,2 1 4 [ 83038]
25872.27 (001) 30,3 - 200, 2 0 4 [ 85014]
25872.27 (001) 3(0,3 - 20,2 0 E [ 85014]
25887.87 (0.10) 3(0,3) - 20,2 lvy, [ 83038]
25894.74 (0.10) 3(2,2) - 202, 1)) 1 4 [ 83038]
25899.58 (0.10) 3(2,2) - 22, 1) 1 E [ 83038]
25901.108 ( 0.010) 302,2) - 202, 1) 0 4 [ 85014]
25901.108 ( 0.010) 302,2) - 22,1 0 E [ 85014]
25916.50  ( 0.10) 32, 1) - 2020 1 E [ 83038]
25916.50 (0.10) 302,2) - 2(2, 1) lvyy [ 83038]
25921.23 (0.10) 3(2, 1) - 2(2,0 1 4 [ 83038])
25925.510 ( 0.100) 3(0,3 - 20,2 Tvis [ 83038]
25928.839 ( 0.010) 3(2,1) -22(2,0 0 4 [ 850141
25928.839  ( 0.010) 3(2, 1) -~ 22,0 0 E [ 85014]
25943.75 (010) 3(2, 1) - 22,0 lviy [ 83038]
25955.760  ( 0.100) 3(02,2) - 22,1 lvys [ 83038]
25977.23 (0.10) 30,3 - 2(0,2 2v;s [ 83038]
25985.210 ( 0.100) 302, 1) - 2(2,0 lvys [ 83038]
26008.77 (0.10) 3(02,2) - 2(2, 1) 2vys [ 83038]
26027.37 (0.10) 3(0,3) - 20,2 3vuys [ 83038]
26040.22 (0.10) 3(2, 1) - 2020 2vs [ 83038]
26060.32 (010) 302,2) - 22, 1) 3vuys [ 83038])
26073.17 (0.10) 41,3 - 40 9 1 4 [ 83038]
26074.63 (0.10) 41,3 - 40 9 1 E [ 83038]
'26093.72 (0.10) 3(2, 1) - 2(2,0 3vis [ 83038}
26260.04 (0.10) 27( 3,24) - 27( 3,25 1 4 [ 83038]
26262.86 (0.10) 27( 3,24) - 27( 3,25 1 E [ 83038]
26309.129 ( 0.010) 30( 7,24) - 31( 6,25 0 E [ 85014]
26309.321 ( 0.010) 30( 7,24) - 31( 6,25) 0 4 [ 85014]
26351.178 ( 0.010) 30( 7,23) - 31( 6,26) 0 4 [ 85014]
26351.178  ( 0.010) 30( 7,23) - 31( 6,26) 0 E [ 85014]
26471.062 ( 0.010) 5(1,4 - 50,5 0 4 [ 85014]
26471.062 ( 0.010) 5(1,4) - 505 0 E [ 85014]
26505.694 ( 0.010) 36( 4,32) - 36( 4,33) 0 E [ 85014]
26505.775 ( 0.010) 36( 4,32) - 36( 4,33) 0 4 [ 85014]
26576.070  ( 0.100) 18( 2,16) - 18( 2,17) [ 83038]
26576.93 (0.10) 3(L,2 - 2L D 1 A4 [ 83038]
26585.250 ( 0.100) 3(L,2) - 21,1 [ 83038]
26594.70 (010) 3(L2) - 21,1 lvyg [ 83038)
26713.46 (0.10) 3(L2) - 2(1L, D 2vys [ 83038]
26775.32 (0.10) 3(L,2) - 2L 1) 3vis [ 83038]
27322.16 (0.10) 5(1,4 - 50,5 1 4 [ 83038]
27323.68 (0.10) 5(1,4 - 50,5 1 E [ 83038}
27380.260 ( 0.100) 6(1,5 - 60, 6) lvys [ 83038] "
27653.560 ( 0.100) 37( 6,32) - 36( 7,29) [ 83038}
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TABLE 20.3. Microwave spectrum of 1-butyne — Continued C.He
Isotopic Frequency Unc. J'(K_1,K41) JU(K_,K+1) w Sym. Vib, Ref.
species (MHz) (MHz) state
27810.580 ( 0.100) 46( 5,41) 46( 5,42) [ 83038]
27852.890 ( 0.100) 18( 2,16) 18( 2,17) lvgs [ 83038]
27959.250  ( 0.100) 27( 3,24) 27( 3,25) [ 83038)
27984.060 ( 0.100) 37( 6,31) 36( 7,30) [ 83038)
28033.410 ( 0.100) 6( 1, 5) 6( 0, 6) [ 83038]
28434.520 ( 0.100) 14( 4,11) 15( 3,12) [ 83038]
28439.730 ( 0.100) 35( 8,28) 36( 7,29) [ 83038]
28450.790 ( 0.100) 35( 8,27) 36( 7,30) [ 83038)
28667.580 ( 0.100) 9( 3, 6) 10( 2, 9) [ 83038)
2887353 (0.10) 6( 1, 5) 6( 0, 6) 1 4 [ 83038)
28875.22  (0.10) 6( 1, 5 6( 0, 6) 1 E [ 83038)]
29318.030 ( 0.100) 1, 6) 70,7 lvgs [ 83038]
29630.800 ( 0.100) 14( 4,10) 15( 3,13) [ 83038]
29640910 ( 0.100) 32( 5,28) 31( 6,25) [ 83038]
29891.530 ( 0.100) 21( 3,18) 20( 4,17) [ 83038]
29929.810 ( 0.100) 7 1, 6) (07 [ 83038]
29998.250  ( 0.100) 22( 3,20) 21( 4,17) [ 83038]
30117.500  ( 0.100) 11¢ 1,10) 11¢ 1,11) [ 83038)
30421.880 ( 0.100) 27( 3,24) 27( 3,25) lvis [ 83038])
30592.800 ( 0.100) 40( 9,32) 41( 8,33) [ 83038]
30595.400 ( 0.100) 40( 9,31) 41( 8,34) [ 83038)
3075433 (0.10) 7( 1, 6) (0,7 1 4 [ 83038]
3075620 ( 0.10) 7( 1, 6) (0,7 1 E [ 83038)
30794.720 ( 0.100) 32( 5,27) 31( 6,26) [ 83038]
30846.620 ( 0.100) 27( 4,24) 26( 5,21) [ 83038]
30918.670  ( 0.100) 19( 5,15) 20( 4,16) [ 83038])
31112.700  ( 0.100) 18( 2,17) 17( 3,14) [ 83038)
31156.31 (010) 28( 3,25) 28( 3,26) 1 4 [ 83038]
31159.56¢  ( 0.10) 28( 3,25) 28( 3,26) 1 E [ 83038]
31286.920 ( 0.100) 19( 5,14) 20( 4,17) [ 83038)
31409.710  ( 0.100) 37( 4,33) 37( 4,34) [ 83038)
31584.840 ( 0.100) 19( 2,17) 19( 2,18) [ 83038]
31630.530 ( 0.100) 8L, 7 8( 0, 8 lvis [ 83038]
31977.240  ( 0.100) 6( 0, 6) 5(1,5) [ 83038]
32190.130  ( 0.100) 81,7 8( 0, 8) [ 83038)
32993.63 (0.10) 81,7 8( 0, 8) 1 A4 [ 83038]
3299570 ( 0.10) 81,7 8( 0, 8) 1 E [ 83038]
3359488  ( 0.10 ) 4 1, 9 3(L 3 1 A [ 83038]
33600.660 ( 0.100) 41, 9 31,3 [ 83038]
3362922 (0.10) 4( 1, 4 3(1,3) vy [ 83038]
33659.450 ( 0.100) 4 1, 4) 31, 3) lvgs [ 83038]
33716.21 (0.10) 41, 9 (13 3vys [ 83038]
33771.04 (0.10) 4 1, 4) 313 2vis [ 83038]
34349.540 ( 0.100) 9 1, 8) 90,9 lvgs [ 83038]
3445764 (0.10) 400, 4) 3(0 3 1 4 [ 83038]
34463.650 ( 0.100) 4( 0, 4 3(0, 3 [ 83038]
34520.88 (0.10) 402, 3) 32,2 1 4 [ 83038]
34528.910 ( 0.100) 4 2, 3) 3022 [ 83038}
34532.920 ( 0.100) 40, 4 3(0 3 lvys [ 83038}
34550.310  ( 0.100) 43, 1) 3(3 0 [ 83038}
34550.310  ( 0.100) 43,2 3(3 1) [ 83038]
34566.690  ( 0.100) 27( 4,23) 26( 5,22) [ 83038)
34570.45 (0.10) 431 3(3 0 lvi [ 83038]
34570.45 (010) 4( 3, 2) 3(3 1) lvy [ 83038]
34587.15 (0.10) 42, 2) 3(2, 1 1 4 [ 83038}
34598.200 ( 0.100) 40 2, 2) 3(2, 1) [ 83038]
34601.460 ( 0.100) 402, 3) 3(2 2 1vis [ 83038]
34618.01 (0.10) 402, 2) (2,0 lvie [ 83038]
34671.86 (0.10) 4( 2, 3) 322 2vys [ 83038]
34675.240  ( 0.100) 4 2, 2) 3(21) Tvys [ 83038]
34694.12  ( 0.10) 43, 1) 3( 30 2vys [ 83038]
34694.12 ( 0.10) 4 3, 2) 3(3,1) 2vys [ 83038]
34740.11 (0.10) 4( 2, 3) 322 3vys [ 83038]
3475026  ( 0.10) 42, 2) (2,1 2vis [ 83038]
34762.66 ( 0.10) 43, 1) 3(3 0 3vis [ 83038]
34762.66 ( 0.10) 43,2 3(3 1) 3vis [ 83038]
3482374 (0.10) 42,2 (2,10 3vis [ 83038]
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TaBLE 20.3. Microwave spectrum of 1-butyne — Continued C.H,
Isotopic Frequency Unc. J'(K_,Ky1) - J"(K-1,K41)) w Sym. Vib. Ref.
species (MHz) (MHz) state
34844.610 ( 0.100) 91,8 - 909 [ 83038]
35224.610 ( 0.100) 29( 7,23) - 30( 6,24) [ 83038]
35253.330 ( 0.100) 29( 7,22) - 30( 6,25) [ 83038]
35427.69 (0.10) 41,3 - 312 1 A4 [ 83038]
35438.280 ( 0.100) 4013 - 312 [ 83038]
3545097 (0.10) 41,3 - 31,2 lvi [ 83038]
35495.960 ( 0.100) 12 L,11) - 12( 1,12) [ 83038)
35524.240 ( 0.100) 41,3 - 312 lvys [ 83038]
35608.06 (0.10) 41,3 - 312 2vys [ 83038]
35623.10 (0.10) 91,8 - 90 9 1 E [ 83038]
35690.12 (0.10) 41,3 - 31,2 3vgs [ 83038]
37922.130  ( 0.100) 10( 1, 9) - 10( 0,10) [ 83038]
41116.730 ( 0.100) 11 L,10) - 11( 0,11) lvys [ 83038)
41268.650 ( 0.100) 13 ,12) - 13( 1,13) [ 83038]
58729.06 ( 0.10) (L, 7D - 61,6 1 A [ 83038]
58736.270  ( 0.100) L7 - 61,6 [ 83038]
58835.160 ( 0.100) (L, 7 - 61,6 lvgs [ 83038]
60047.260 ( 0.100) 7(0, 7 - 60, 6) [ 83038]
60151.310 ( 0.100) 70,7 - 60,6 lvs [ 83038)
60378.970 ( 0.100) 72, 6) - 6(2,5 [ 83038]
60489.710  ( 0.100) 7(3,5) - 63,4 [ 83038]
60497.830  ( 0.100) 7(3 4 - 63,3 [ 83038]
6073425 (0.10) (25 - 6(2 4 1 4 [ 83038)
60762.110 ( 0.100) (2,5 - 62 4 [ 83038]
60910.300 ( 0.100) 72,5 - 624 lvys [ 83038]
6192848 ( 0.10) 71,6 - 61,5 1 A4 [ 83038]
61943.540 ( 0.100) (1,6 - 61,5) [ 83038]
62088.930 ( 0.100) (1,6 - 61,5 lvgs [ 83038]
68492.750 ( 0.100) 8(0, 8 - 70,7 [ 83038]
68498.34  ( 0.10 ) 80,8 - 70,7 1 A4 [ 83038]
68603.700 ( 0.100) 80,8 - 70, N lvys [ 83038]
68967.83 (0.10) 82,7 - 72 6) 1 A4 [ 83038)
68980.200 ( 0.100) 82,7 - 72 6 [ 83038]
69114.170  ( 0.100) 8(53) - 752 [ 83038]
69114.170  ( 0.100) 8(6,2) - 761 [ 83038]
69119.190 ( 0.100) 8.7, 1) - 7170 [ 83038]
69119.700 ( 0.100) 82,7 - 72 6) lvgs [ 83038]
69122.250 ( 0.100) 8( 4,4 - 74,3 [ 83038]
69122.250 ( 0.100) 8(4,5 - 74 9 [ 83038]
69143.550 ( 0.100) 8(36) - 73,5 [ 83038]
69159.960 ( 0.100) 8(35 - 73 49 [ 83038]
69255.960 ( 0.100) 8(5 4 - 75 3) lvys [ 83038]
69291.980 ( 0.100) 8(36) - 7035 lvis [ 83038)
69310.390 ( 0.100) 8(35) - 73 9 1vis [ 83038)
69513.71 (0.10) 8(2,6) - 70295 1 4 [ 83038]
69549.340  ( 0.100) 8(2,6) - 72 5) [ 83038]
7073745 (0.10) 81,7 - 7Y 6 1 A4 [ 83038)
70752.820 ( 0.100) 81,7 - 7Y 6) [ 83038]
70916.220 ( 0.100) 8 1,7 - (1 6) lvys [ 83038]
76902.60 ( 0.03) 9(0,9 - 80, 8 1 4 [ 83038]
76902.872  ( 0.030) 90,9 - 80, 8 1 E [ 83039]
77559.224  ( 0.030) 92,8 - 827 1 4 [ 83039]
77559.529  ( 0.030) 928 - 827 1 E [ 83039]
78329.277  ( 0.030) 92,7 - 8(2 6 1 4 [ 83039]
78329.625 ( 0.030) 92,7 - 826 1 E [ 830391
79529.90 (0.03) 91,8 - 81,7 1 4 [ 83039)
79530.365 ( 0.030) 91,8 - 81,7 1 E [ 83039]
83776.900 ( 0.100) 10( L10) - 9( 1,9 [ 83038)
83910.560 ( 0.100) 10( ,10) - 91,9 lvgs [ 83038]
85239.240 ( 0.100) 10( 0,10) - 9(0, 9 [ 83038]
85259.624 ( 0.100) 10( 0,10) - 9(0, 9 1 4 [ 83038]
85357.740 ( 0.100) 10( 0,10) - 90, 9 lvgs [ 83038]
86140.532  ( 0.100) 1002,9 - 928 1 4 [ 83038]
86152.530 ( 0.100) 100 2,9 - 92 8 [ 83038]
86322.000 ( 0.100) 1002, 9 - 92 8 lvis [ 83038]
86462.570 ( 0.100) 1003, 8 - 93,7 [ 83038)
86513.840 ( 0.100) 1003, 7) - 93, 6) [ 83038]
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TABLE 20.3. Microwave spectrum of 1-butyne — Continued CH,
Isotopic Frequency Unc. J'(K-1,K4y) J"(K_,K+1) w Sym. Vib. Ref.
species (MHz) (MHz) state
86649.190  ( 0.100) 10( 3, 8) 937 vy [ 83038)
86706.620  ( 0.100) 10( 3, 7 9( 3, 6) 1vis [ 83038
87181.866 ( 0.100) 10( 2, B) 92 7 1 4 [ 83038]
87235.840 ( 0.100) 10 2, 8) 92,7 [ 83038]
87470.670 ( 0.100) 10( 2, 8) 927 lvgs [ 83038)
88316.640 ( 0.100) 10( 1, 9 LY [ 83038]
88511930 ( 0.100) 1001, 9) 9( 1, 8) vy [ 83038]
100406.52  ( 0.10 ) 12( 1,12) 11( 1,11 1 4 [ 83038]
100407.980  ( 0.100) 12( 1,12) 11( 1,11) [ 83038]
101796.690  ( 0.100) 12( 0,12) 11( 0,11) [ 83038)
10183476  ( 0.10) 12( 0,12) 11( 0,11) 1 4 [ 83038]
:01917.550  ( 0.100) 12( 0,12) 11¢ 0,11) lvis [ 83038)
103267.82 ( 0.10) 12¢ 2,11) 11( 2,10) 1 4 [ 83038]
103277.220 ( 0.100) 12( 2,11) J11( 2,10) [ 83038]
103473.030 ( 0.100) 12¢ 2,11) 11( 2,10) lvs [ 83038]
103721.80 ( 0.10) 12( 4, 9) 11( 4, 8) 1 4 [ 83038)
10372470  ( 0.10) 12( 4, 8) 11(4, 7 1 4 [ 83038]
103725.400 ( 0.100) 12(10, 2) 11(10, 1) [ 83038)
103884.44  ( 0.10) 12( 3, 9 11( 3, 8 1 4 [ 83038)
103900.887 ( 0.100) 12( 6, 6) 11( 6, 5) lvys [ 83038)
103921.222  ( 0.100) 12( 5, 8) 11( S, 7 lvis [ 83038]
103921740  ( 0.100) 12( 3, 9) 11( 3, 8) [ 83038]
103966.458  ( 0.100) 12( 4, 9 11( 4, 8) lvis [ 83038]
103970.300  ( 0.100) 12( 4, 8) 11(4, 7 1vys [ 83038)
129630.240 ( 0.100) 15( 7, 8) 147, 7 [ 83038]
129631.300  ( 0.100) 15(8, 7) 14( 8, 6) [ 83038]
129641.280 ( 0.100) 15( 9, 6) 14( 9, 5) [ 83038]
129642.540 ( 0.100) 15( 6,10) 14( 6, 9 [ 83038]
129657.700  ( 0.100) 15(10, 5) 14(10, 4) [ 83038]
129756.720  ( 0.100) 15( 4,12) 14( 4,11) [ 83038)
129768.260  ( 0.100) 15(14, 1) 14(14, 0) [ 83038]
129772620  ( 0.100) 15( 4,11) 14( 4,10) [ 83038)
140352.810  ( 0.030) 16( 1,15) 15( 1,14) 1 4 [ 83039]
140353.470  ( 0.030) 16( 1,15) 15( 1,14) 1 E [ 83039]
140825.594  ( 0.030) 16( 2,14) 15( 2,13) 1 4 [ 83039]
140826.375  ( 0.030) 16( 2,14) 15( 2,13) 1 E [ 83039]
142767.540  ( 0.030) 17¢ 0,17) 16( 0,16) 1vss [ 83039]
146071.040 ( 0.030) 17( 2,16) 16( 2,15) 1vis [ 83039]
146923.496  ( 0.030) 17( 8, 9) 16( 8, 8) [ 83039]
146928.455 ( 0.030) 17( 7,10) 16( 7, 9) [ 83039)
146930.570 ( 0.030) 17( 9, 8) 16( 9, 7 [ 83039]
146946.235 ( 0.030) 17(10, 7) 16(10, 6) [ 83039]
146952.248  ( 0.030) 17( 6,11) 16( 6,10) [ 83039)
146968.434  ( 0.030) 17(11, 6) .- 16(11, 5) [ 83039]
146996.121  ( 0.030) 17(12, 5) 16(12, 4) [ 83039)
147009.169  ( 0.030) 17( 5,13) 16( 5,12) [ 83039]
147010.193  ( 0.030) 17( 5,12) 16( 5,11) [ 83039]
147120281  ( 0.030) 17( 4,14) 16( 4,13) [ 83039]
147122.558  ( 0.030) 17( 3,15) 16( 3,14) [ 83039]
147158.755  ( 0.030) 17( 4,13) 16( 4,12) [ 830391
147247370  ( 0.030) 17( 6,12) 16( 6,11) lvis [ 83039]
147316.530  ( 0.030) 17( 5,13) 16( 5,12) lvys [ 83039]
147318.280  ( 0.030) 17( 5,12) 16( 5,11) 1vys [ 83039]
147433.720  ( 0.030) 17( 3,15) 16( 3,14) lvs [ 83039]
147440.050 ( 0.030) 17( 4,14) 16( 4,13) lvygs [ 83039]
147485.400 ( 0.030) 17( 4,13) 16( 4,12) lvys [ 83039]
147739.790  ( 0.030) 17( 3,14) 16( 3,13) 1 4 [ 83039]
147740350  ( 0.030) 17 3,14) 16( 3,13) 1 E [ 83039)
148214.020 ( 0.030) 17( 3,14) 16( 3,13) lvis [ 83039]
148848.347  ( 0.030) 17( 1,16) 16( 1,15) [ 83039]
149080.150  ( 0.030) 17( 1,16) 16( 1,15) lvis [ 83039]
149786.230  ( 0.030) 17( 2,15) 16( 2,14) 1 A4 [ 83039}
149787.060 ( 0.030) 17( 2,15) 16( 2,14) 1 E [ 83039]
149875.734  ( 0.030) 17( 2,15) 16( 2,14) [ 83039]
149998.449 ( 0.030) 18( 1,18) 17¢ 1,17) [ 83039]
150203.210 ( 0.030) 18( 1,18) 17¢ 1,17) Ivis [ 83039]
150286.440 ( 0.030) 17( 2,15) 16( 2,14) 1vys [ 83039)
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TABLE 20.3. Microwave spectrum of 1-butyne — Continued CiHs
Isotopic Frequency Unc. J(K-Ke)) - J'(K-1.K+1)) w Sym. Vib. Ref.
specles (MHz) (MHz) state
150748.243  ( 0.030) 18( 0,18) - 17( 0,17) [ 83039]
150898.790  ( 0.030) 18( 0,18) - 17( 0,17) lvy [ 83039]
154283.853  ( 0.030) 18( 2,17) - 17( 2,16) [ 83039]
154299.320  ( 0.030) 18( 2,17) - 17( 2,16) 1 A [ 83039]
154299.790 ( 0.030) 18( 2,17) - 17( 2,16) 1 E [ 83039)
154535.790 ( 0.030) 18( 2,17) - 17( 2,16) 1vis [ 830391
155570.723  ( 0.030) 18( 8,11) - 17( 8,10) [ 83039]
155575.754  ( 0.030) 18( 9,10) - 17( 9, 9) [ 83039]
155579.536  ( 0.030) 18( 7,12) - 17( 7,11) [ 83039
155590.560  ( 0.030) 18(10, 9) - 17(10, 8) [ 83039)
155610.315° ( 0.030) 18( 6,13) - 17( 6,12) [ 83039}
155612.770  ( 0.030) 18(11, 8) - 17(11, 7) [ 83039]
155641.151 ( 0.030) 1812, 7) - 1712, 6) [ 83039]
155674.641 ( 0.030) 18(13, 6) - 1713, 5) [ 83039]
155679.954  ( 0.030) 18( 5,14) - 17( 5,13) [ 83039)
155681.729  ( 0.030) 18( 5,13) - 17( 5,12) [ 83039]
155712.785  ( 0.030) 1814, 5) - 17014, 4) [ 83039)
155748470  ( 0.030) 18( 3,16) - 17( 3,15) 1 A4 [ 83039)
155749.020  ( 0.030) 18( 3,16) - 17( 3,15) 1 E [ 83039]
155755.123  ( 0.030) 18(15, 4) - 17(15, 3) [ 83039]
155777.656  ( 0.030) 18( 3,16) - 17( 3,15) [ 83039]
155801.449 ( 0.030) 18(16, 3) - 17(16, 2) [ 83039)
155808.730  ( 0.030) 18( 4,15) - 17( 4,19) [ 83039)
155851507 ( 0.030) 1817, 2) - 17017, 1) [ 83039)
155866.079  ( 0.030) 18( 4,14) - 17( 4,13) [ 83039]
156006.170  ( 0.030) 18( 5,14) - 17( 5,13) lvys [ 83039]
156009.040 ( 0.030) 18( 5,13) - 17( 5,12) lvis { 83039]
156103.500 ( 0.030) 18( 3,16) - 17( 3,15) lvig [ 83039]
156148.340  ( 0.030) 18( 4,15) - 17( 4,14) lvis [ 83039)
156215.920 ( 0.030) 18( 4,14) - 17( 4,13) lvis [ 83039)
156595.530  ( 0.030) 18( 3,15) - 17( 3,14) 1 4 [ 83039]
156596.120  ( 0.030). 18( 3,15) - 17( 3,14) 1 E [ 83039)
156693.385  ( 0.030) 18( 3,15) - 17( 3,14) { 83039)
157120000  ( 0.030) 18( 3,15) - 17( 3,14) v { 83039
157324.525 ( 0.030) 18( ,17) - 17( 1,16) [ 83039)
157387.870  ( 0.030) 18( L,17) - 17( 1,16) 1 4 [ 83039)
157388.560  ( 0.030) 18( L,17) - 17( L,16) 1 E [ 83039)
157548.810 ( 0.030) 18( 1L,17) - 17( 1,16) 1vis [ 83039)
158224.720 ( 0.030) 19( 1,19) - 18( 1,18) [ 83039)
158437.520 ( 0.030) 19( 1,19) - 18( 1,18) lvis [ 83039}
158731.400 ( 0.030) 18( 2,16) - 17( 2,15) A [ 83039]
158732.260 ( 0.030) 18( 2,16) - 17( 2,15) 1 E [ 83039]
158816.208 ( 0.030) 18( 2,16) - 17( 2,15) [ 83039]
158867.902  ( 0.030) 19( 0,19) - 18( 0,18) [ 83039)
159028.960  ( 0.030) 19( 0,19) - 18( 0,18) 1vss [ 83039]
159239.760  ( 0.030) 18( 2,16) - 17( 2,15) vis [ 83039]
213039.730  ( 0.030) 25( 2,24) - 24( 2,23) 1 4 [ 83039)
213040.220 ( 0.030) 25( 2,24) - 24( 2,23) 1 E [ 83039]
215354310 ( 0.030) 25( 1,24) - 24( 1,23) v [ 83039]
215440.5%0 ( 0.030) 25( 1,24) - 24( 1,23) 1 4 [ 83039]
215441,150  ( 0.030) 25( 1,24) - 24( 1,23) 1 E [ 83039]
215871.360  ( 0.030) 26( 1,26) - 25( 1,25) vis { 83039]
216023.720  ( 0.030) 26( 0,26) - 25( 0,25) v [ 83039]
216453.870  ( 0.030) 25( 3,23) - 24( 3,22) v [ 83039]
216995.440 ( 0.030) 25( 5,200 - 24( 5,19) vis [ 83039]
217170.640  ( 0.030) 25( 4,22) - 24( 4,21) vy { 83039)
217795.510  ( 0.030) 25( 4,21) - 24( 4,20) tvis { 83039]
220481429  ( 0.030) 25( 2,23) - 24( 2,22) 1 4 [ 83039)
220482.490  ( 0.030) 25( 2,23) - 24( 2,22) 1 E [ 83039)
223773.601  ( 0.030) 27( 1,27) - 26( 1,26) [ 83039]
223916.235  ( 0.030) 27( 0,27) - 26( 0,26) [ 83039)
224055.570  ( 0.030) 27( 1,27) - 26( 1,26) vis [ 83039)
224178.440 ( 0.030) 27( 0,27) - 26( 0,26) Iwvys [ 83039]
229564.277 ( 0.030) 27( 2,26) - 26( 2,25) [ 83039)
231415.881  ( 0.030) 27( 1,26) - 26( 1,25) [ 83039]
231539.290  ( 0.030) 27( 1,26) - 26( 1,25) v [ 83039)
231944.949 . ( 0.030) 28( 1,28) - 27( 1,27) [ 83039)
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TABLE 20.3. Microwave spectrum of 1-butyne — Continued CiHs
Isotopic Frequency Unc. J'(K-1,K41) J'(K_-,Ky) w Sym. Vib. Ref.
species (MHz) (MHz) state
232060.337 ( 0.030) 28( 0,28) 27( 0,27) [ 83039)
232236.290 ( 0.030) 28( 1,28) 27( 1,27) lvys [ 83039)
232334.990 ( 0.030) 28( 0,28) 27( 0,27) lvs [ 83039]
233148.469 ( 0.030) 27( 3,25) 26( 3,24) [ 83039)
233393.175  ( 0.030) 27(10,18) 26(10,17) [ 83039]
233400.855 ( 0.030) 27( 9,19) 26( 9,18) [ 83039)
233404.369 ( 0.030) 27(11,17) 26(11,16) [ 83039]
233430.205 ( 0.030) 27(12,16) 26(12,15) [ 83039]
233435.560  ( 0.030) 27( 8,20) 26( 8,19) [ 83039]
233467.477 ( 0.030) 27(13,15) 26(13,14) [ 83039]
233511303  ( 0.030) 27( 7,21) 26( 7,20) [ 83039)
233514.305  ( 0.030) 27(14,14) 26(14,13) [ 83039]
233569.398  ( 0.030) 27(15,13) 26(15,12) [ 83039]
233631.992 ( 0.030) 27(16,12) 26(16,11) [ 83039]
233654.905 ( 0.030) 27( 6,22) 26( 6,21) [ 83039]
233657.794 ( 0.030) 27( 6,21) 26( 6,20) { 83039)
233701.367 ( 0.030) 27(17,11) 26(17,10) [ 83039]
233776.852  ( 0.030) 27(18,10) 26(18, 9) [ 83039]
233858.377  ( 0.030) 27(19, 9) 26(19, 8) [ 83039]
233902.235 ( 0.030) 27( 5,23) 26( 5,22) [ 83039]
233945.507 ( 0.030) 27(20, 8) 26(20, 7) [ 83039]
233968.988 ( 0.030) 27( 5,22) 26( 5,21) [ 83039]
234037.962  ( 0.030) 27(21, 7) 26(21, 6) [ 83039]
234097.584 ( 0.030) 27( 4,24) 26( 4,23) [ 83039]
234135.698  ( 0.030) 27(22, 6) 26(22, 5) [ 83039]
234238.360 ( 0.030) 27(23, 5) 26(23, 4) [ 83039]
234345.937 ( 0.030) 27(24, 4) 26(24, 3) [ 83039]
234458.414 ( 0.030) 27(25, 3) 26(25, 2) [ 83039]
234575.510 ( 0.030) 27(26, 2) 26(26, 1) [ 83039]
234974.328  ( 0.030) 27( 4,23) 26( 4,22) [ 83039]
237562.970  ( 0.030) 27( 3,24) 26( 3,23) 1 4 [ 83039]
237564.080 ( 0.030) 27( 3,24) 26( 3,23) 1 E [ 83039]
237655.972  ( 0.030) 27( 2,25) 26( 2,24) { 83039]
237735.300 ( 0.030) 27( 2,25) 26( 2,24) 1 4 [ 83039]
237736.360  ( 0.030) 27( 2,25) 26( 2,24) 1 E [ 83039]
239488.394 ( 0.030) 28( 1,27) 27( 1,26) [ 83039]
304069.833  ( 0.030) 36( 1,35) 35( 1,34) [ 83039]
305371.868  ( 0.030) 37 1,37) 36( 1,36) [ 83039]
305387.097 ( 0.030) 37( 0,37) 36( 0,36) [ 83039]
308996.439  ( 0.030) 36( 3,34) 35( 3,33) [ 83039]
311205.304 ( 0.030) 36(13,24) 35(13,23) [ 83039]
311268.036 ( 0.030) 36( 9,28) 35( 9,27) [ 83039]
311306.870  ( 0.030) 36(15,22) 35(15,21) [ 83039]
311459.616  ( 0.030) 36(17,20) 35(17,19) [ 83039]
311611.879  ( 0.030) 36( 7,30) 35( 7,29) [ 83039]
311615.304  ( 0.030) 36( 7,29) 35( 7,28) [ 83039]
311652431 ( 0.030) 36(19,18) 35(19,17) [ 83039]
311769.796  ( 0.030) 37( 2,36) 36( 2,35) [ 83039]
311879.554  ( 0.030) 36(21,16) 35(21,15) [ 83039]
311910203  ( 0.030) 36( 4,33) 35( 4,32) [ 83039]
311971.139  ( 0.030) 36( 6,31) 35¢ 6,30) [ 83039}
312035.945 ( 0.030) 36( 6,30) 35( 6,29) [ 83039]
312137.370  ( 0.030) 36(23,14) 35(23,13) [ 83039]
312167.085 ( 0.030) 37( 1,36) 36( 1,35) [ 83039]
312226.217 ( 0.030) 36( 2,34) 35( 2,33) [ 83039]
312372.976 ( 0.030) 36( 5,32) 35( 5,31) [ 83039]
312423.035 ( 0.030) 36(25,12) 35(25,11) [ 83039}
312735.206  ( 0.030) 36(27,10) 3527, 9) [ 83039]
313072.181 ( 0.030) 36(29, 8) 3529, 7) [ 83039]
313142.560 ( 0.030) 36( 5,31) 35( 5,30) [ 83039]
313433.174  ( 0.030) 36(31, 6) 3531, 5) [ 83039]
313520.719  ( 0.030) 38( 1,38) 37( 1,37) [ 83039]
313532.888 ( 0.030) 38( 0,38) 37( 0,37) [ 83039]
313622.520 ( 0.030) 36(32, 5) 35(32, 4) [ 83039]
313817.501  ( 0.030) 36(33, 4 35(33, 3) [ 83039]
316266.804 ( 0.030) 36( 4,32) 35( 4,31) [ 83039]
317318.688 ( 0.030) 37¢ 3,35) 36( 3,34) [ 83039)
317687.681 ( 0.030) 36( 3,33) 35( 3,32) [ 83039)
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Table 21.1. Molecular constants for
1,2-butadiene (methyl allene).

Parameter Value

Rotational Constants {present]

A (Hz) 34023. (46)

B (MHz) 4201.278(14)
C  (MHz) 3928.099(15)
by (kHz) 1.78(16)
by (kHz) -56.82(63)
8y (kHz) 0.32(25)

Internal Rotation Constants2 [present]

I, (u&?) 3.103

) 38.16°

Vy, (em™?) 556.94(87)
o, (MHz) -151.9

g (rad) 0.09673
P 0.16503

Dipole Moment [57016)

(D) 0.394(2)

v, (D) 0.070(1)

40nly the rotational constants and V, were
fit,
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TaBLE 21.2. Microwave spectrum of methylaliene CsHg
Isotopic Frequency Unec. JK_,Ky) - J'K.,Ky) »n Sym. Ref.
species (MHz) (MHz)

H,CCCHCH,; 15985.82 (0.03) 21,2 - (1,1 0 4 [ 57016]
15987.84 (003) 21,2 - 1L, 0D 0 E [ 57016]
16256.76 (0.03) 200,2) - 10, 1) 0 E [ 57016]
16256.93 (003) 2(0,2) - 1(0, 1 0 4 [ 57016]
16529.90 (003) 2L, - 140 0 E [ 57016]
16532.29 (0.03) 2L, 1) - 11,0 0 4 [ 57016]
23977.46 (0.03) 3(L,3) - 21,2 0 4 [ 57016)
23977.89 (0.03) 3(1,3) - 21,2 0 E [ 57016]
24380.36 (003 ) 3(0,3) - 2002 0 E [ 57016]
24380.63 (0.03) 3(00,3) - 2(0,2 0 A4 { 57016]
24389.35 (003) 302,2) - 22,0 0 4 [ 57016]
24392.80 (0.03) 3(2,2) - 2021 0 E [ 57016}
24393.20 (003) (2,1 - 220 0 E [ 57016]
24396.90 (0.03) 3(2,1) - 202 0) 0 A4 [ 57016]
24796.20 (0.03) 3(L2Yy - 21,0 0 E [ 57016]
24797.09 (0.03) 3(L2) - 2L 0 4 [ 57016]
31967.61 (003) L4 - 313 0 4 [ 57016]
31967.67 (0.03) 41L4 - 31,3 0 E [ 57016]
32498.28 (0.03) 40,4 - 300, 3) 0 E [ 57016]
32498.63 (003) 40,49 - 30,3 0 4 [ 57016]
32517.58 (0.03) 42,3 - 322 0 4 [ 57016]
32525.00 (0.03) 402, 3) - 3022 0 E [ 57016]
32525.00 (003) 43,2 - 330D 0 A4,E [ 57016]
32525.00 (0.03) 43 1) - 3030 0 A4 [ 57016]
32528.10 (0.03) 42,2 - 3(2 1) 0 E [ 57016]
32536.26 (003) 402,2) - 3(2, 1 0 4 [ 57016]
33059.64 ( 0.03) 41,3 - 31,2 0 E [ 57016]
33060.34 (003) 41,3 - 31,2 0 4 [ 57016)
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Table 22.1. Molecular constants for bicyclo[1.1.0.]}butane.
Species A (MHz) B (MHz) C (MHz) Reference
Rotational Constants
1
CH,CHCHCH, 17311.974(40) 9313.516(32) 8393.521(30) [present]
| S
—
CH, ' *CHCHCH, 16934.17(14) 9298.37(18) 8316.53(14) [69057]
| —
(1-*3%c)
— 1
13CH,CHCHCH, 17256.84(13) 9085.62(17) 8220.44(13) [69057]
| I—
(2_130)
1
CD,CHCHCH, 16221.47(13) 8164.35(17) 7670.79(13) [69057]
|
(7’9'D2)
| —
CH,CDCHCH, 15554.92(8) 9151.50(10) 8077.18(8) [69057}
—_—
(5-D)

Dipole Moment [66041]

He

0.67,(1,) D

Zeeman Constants [72061]

8aa
8bb
gCC

2Xaa~Xbb Xce

“Xaat2Xpb~Xcc

0.0593(2)2 py

0.0025(2)2 wy

0.0412(2)2 py

-5.9(3)x10" %erg/G2-mol

21.1(3)x10" %erg/G2+mol

83ign not determined, but positive values are favored.
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TABLE 22.2. Microwave spectrum of bicyclo[1.1.0]butane C:Hs
Isotopic Frequency  Unc. JEK _,Ke) - J(K_1,K4y) Ref.
species (MHz) (MHz)

CHCHZCHEHZ 20927.71 (0.02) 402,3) - 41,3 [ 66041]
! | 2266424  ( 0.02) 32,2 - 31,2 [ 72061]
2399540  ( 0.02) 202, 1) - 21, 1) [ 72061]

2642070 ( 0.02) 200,2) - 11,0 [ 72061]

26625.57 (002) (1,0 - 00,0 [ 72061]

26830.19 (002) 202,00 - 21,2 [ 720611

BCHCH,CHCH, 1744492  ( 0.10) 5(2,4 - 5(1, 4 [ 69057]
19653.46  ( 0.10) 402,3) - 4(1,3) [ 69057]

2149281  (0.10) 3(2,2) - 31,2 [ 69057]

22907.47 (0.10) 202, 1) - 21,1 [ 690571

2623258 ( 0.10) 1(1,0 - 00, 0) [ 69057]

26523.32 (0.10) 2(0,2) - 1(1,0 [ 69057]

CH“CH,CHCH, 19627.78 (0.10) 502,49 - 5(1,4 [ 69057]
| 21617.08  ( 0.10) 402,3) - 4(1,3) [ 69057]
2325820 ( 0.10) 3(2,2) - 31,2 [ 69057]

24513.66  ( 0.10) 2(2, D) - 2(1, 1 [ 69057]

2551043 (0.10) 2(0,2) - 1(L O [ 69057]

26342.53 (0.10) 1(1,0 - 0(0, 0) [ 69057]

CDCH,CHCH, 19210.19 ( 0.10) 202, 1) - 21,1 [ 69057]
2255742 (0.10) 22,0 - 21,2 [ 69057]

2470650  ( 0.10 ) (1,0 - 000, 0) [ 69057]

2472846  ( 0.10) 302, 1) - 3(L3 [ 69057]

2685528  ( 0.10 ) 20,2 -~ 1(1,0) [ 69057]

| 28156.41 (010) 42,2 - 41,9 [ 69057]
CHCD,CHCH, 21306.68  ( 0.10 ) 5(2,4) - 5(1,4) [ 69057]
2248678  ( 0.10 ) 42,3 - 4(1,3) [ 69057]

2309749  (0.10) 20,2 - (1,0 [ 69057}

23445.13 (0.10) 3(2,2 - 3142 [ 69057]

2417130 ( 0.10) 202, ) - 21,1 [ 69057]

2438589  ( 0.10) (1,0 - 00 0) [ 69057)
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Table 23.1. Molecular constants for cyclobutene and its
13C¢ isotopic species.
Parameter Cyclobutene 1-13C-Cyclobutene 3-13¢-Cyclobutene

Rotational Constants

AII

B"

Tz

1,2

(MHz)
(MHz)
(MHz)
(MHz)
(MHz)

(MHz)

Tagaa (MH2Z)

12892.8825(23)
12226.1058(22)

6816.2674(13)

12784.7842(71) 12742.881(16)

12015.5953(71) 12033.857(16)

6720.5173(65) 6714.547(14)

-0.047866(2693)

-0.012535(902)
1.80(3)

-0.028287(839)

-0.026388(860)

-0.05134(301) -0.04776(664)

-0.01398(101) -0.01285(223)
1.52(3) 1.58(8)
-0.030417(940) -0.03002(208)

-0.028334(961) -0.02762(212)

Thbbh (MHZ)

Electric Dipole Moment [65029]

W

0.131(1) D

Zeeman Constants [70063]

Baa

8bb

8cc
2Xaa™Xbb~Xcc
“Xaat2Xbb Xce
Qaa

Qb

QCC

-0.0516(7) wy

-0.0663(7) wy

-0.0219(6) wuy

-0.9(5)x10"%erg/G2+mol

5.0(7)x10" ferg/G?-mol

-0.3(6)x10"2%esu-cm?

1.6(7)x107 2%esu+cm?

-1.3(10)x10" 2%esu-cm?

4The value of 1, is fixed by setting R, = 0.

Table 23.2. Molecular constants for
monodeutero-species of cyclobutene.
Parameter DC=CHCH,CH, HC=CHCHDCH ,

Rotational Constants

A" (MHz) 12658.7572(50) 12419.2632(50)
B" (MHz) 11220.9574(54) 11431.6151(51)
c" (MHz) 6432.0155(37) 6557.7960(33)
T (MHz) -0.03095(416) ~0.04505(386)
T, (MHZ) -0.00833(138) ~0.01290(129)
1,2 (MHz) 0.62(2) 0.92(3)
Taaaa (MHZ) -0.0297(11) ~0.0316(11)
Tpbbp (MHZ) -0.0217(13) ~0.0268(12)

3The value of T, is fixed by setting R; = 0.
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TABLE 23.3. Microwave spectrum of cyclobutene CHs
Isotopic Frequency Unc. J'(K_ K1) - J"K_,K.) Ref.
species (MHz) (MHz)
CHCHCH,CH, 8978.350  ( 0.050) (6 1) - 76,2 [ 65029}
‘ 10799.790  ( 0.050) 65 1) - 65 2 [ 65029)
12117.960  ( 0.050) 1210, 2) - 12(10, 3) [ 65029]
12505.920  ( 0.050) 5(4,1) - 54,2 [ 65029)
HC=CH 12692.450 ( 0.050) 23(19, 4) - 2319, 5) [ 69056)
13689.510 ( 0.050) 28(23, 5) - 28(23, 6) [ 69056
H,C—CH;, 14013.860  ( 0.050) 3 - 4«32 [ 65029]
14538.640 ( 0.050) 17014, 3) - 17014, §) [ 69056}
14844600 ( 0.050) 1109, 2) - 11(9,3) [ 65029]
15266.996 ( 0.010) 32, 1) - 322 [ 70063)
16229.412 ( 0.010) 2L, - 21,2 [ 70063)
16396.190  ( 0.050) 22(18, 4) - 22018, 5) [ 69056}
17566.250  ( 0.050) 1008, 2) - 10( 8,3 [ 69056)
17791.170  ( 0.050) 27022, 8) - 2722, 6) [ 69056]
18006.690  ( 0.050) 16013, 3) - 1613, ¢) [ 69056]
18287.640 ( 0.050) 221 - 202 [ 65029)
19042.345  ( 0.005) 1€0,1) - 00, 0) [ 70063)
19551.500 ( 0.020) 3, 1) - LD [ 65029)
20157.350 ( 0.050) H12 - %13J [ 69056)
20483.820 ( 0.050) 2117, 4) - 2117, 9) [ 695056)
21580.450 ( 0.050) 1512, 3) - 15012, 4) [ 69056}
22508.530 ( 0.050) 8(62 - 8613 [ 69056)
24305.940 ( 0.050) (S 1) - 53,2 [ 69056)
24526.770  ( 0.050) 82 - S [ 69056]
24791.660 ( 0.050) 20016, 4) - 20(16, %) { 69056}
25105.050 ( 0.050) 14011, 3) - 14011, ¢ [ 69056)
26140.110  ( 0.050) 6(4,2) - 6423 [ 69056)
27312.200 ( 0.050) (3,2 - 53,3 [ 69056]
27339.550 ( 0.050) 25020, 5) - 25(20, 6) [ 69056)
28061.070  ( 0.050) 42,2 - 42)) [ 69056]
28097.620 ( 0.050) 66 1) - 64,2 [ 69056]
28435.670 ( 0.050) 13710, 3) - 13(10, 4) [ 69056]
28753.690 ( 0.050) 32,2 - 303 [ 69056]
28924070 ( 0.050) 43,2 - «1L13 [ 69056)
29143.220 ( 0.050) 19015, 4) - 1915, %) [ 69056)
29285.270  ( 0.050) 5(4,2 - 52273 [ 69056]
29320590 ( 0.050) 30024, 6) - 30024, 7) [ 69056]
29951.850  ( 0.050) 6(S, 2 - 63,3 [ 69056])
31072440 ( 0.050) 762 - 743 [ 69056)
31442.020 ( 0.050) 1209, 3) - 12¢9, 9 [ 69056]
32428970 ( 0.050) 2419, 5) - 24019, 6) [ 69056}
32674.301 ( 0.010) 21L,2 - KLY [ 70063]
32825.200 ( 0.050) 87,2 - B85S 3 [ 69056]
32934350 ( 0.050) N - S 2 [ 69056)
33283.680 ( 0.050) 20,2 - KO [ 65029]
33365.070 ( 0.050) 18(14, 4) - 18(14, 9) [ 69056]
34015.330  ( 0.050) 11( 8, 3) - 1108, 4) { 69056}
35067.080 ( 0.050) 29(23, 6) - 29(23, 7) [ 69056)
BCHCHCH,CH, 13173.610  ( 0.050) 26(21, 5) - 26(21, 6) [ 69056]
13377.110  ( 0.050) 16(13, 3) - 16(13, 4) [ 69056}
14782.630  ( 0.050) 3(2,1) - 322 [ 69056
15141.950 ( 0.050) 10( 8, 2) - 10( 8, 3) { 69056]
15885.150  ( 0.050) 2L D - 2142 [ 69056)
16695.060  ( 0.050) 30(24, 6) - 3024, 7) [ 69056]
17712.640  ( 0.050) 20016, 4) - 20(16, 5) [ 69056]
18027.730  ( 0.050) (72 - T3 [ 69056]
18270.580 ( 0.050) 202, 1) - 20,2 [ 65956)
18736.100  ( 0.050) 10, 1) - 00,0 [ 69056]
19776.840  ( 0.050) 303, 1) - 31,2 [ 69056]
20729.610 ( 0.050) 8(6,2) - 863 [ 69056]
20827.780  ( 0.050) 1411, 3) - 14(11, 4) [ 69056]
21841.250 ( 0.050) 29(23, 6) - 29(23, 7) [ 69056)
22130.720 ( 0.050) 44,1 - 422 [ 69056)
22448.790 ( 0.050) 2419, 5) - 24(19, 6) [ 69056]
23117.750 ( 0.050) NS5 2 - 75,3 [ 69056)
25084.910 ( 0.050) 6(4,2) - 64,3 [ 69056)
25534.090 ( 0.050) 5(5 1) - 532 [ 69056}
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TABLE 23.3. Microwave spectrum of cyclobutene — Continued CHs
Isotopic Frequency Unc. J'K-,Ki) - J(K-1,K4) Ref.
species (MHz) (MHz)
26558.880 ( 0.050) 5(3,2 - 533 [ 69056)
26563.530 ( 0.050) 33(26, 7) - 33(26, 8) [ 69056)
26842.920 ( 0.050) 18(14, 4) - 18(14, 5) [ 69056)
27527.900 ( 0.050) 402,2) - 423 [ 69056]
27581.840 ( 0.050) 28(22, 6) -~ 28(22, 7) [ 69056}
28163.070 ( 0.050) 1209, 3) - 12(9, 4 [ 69056)
28449.390 ( 0.050) (2,2 - 3013 [ 69056]
28681.020 ( 0.050) 43,2 - 41,3 [ 69056)
29174.680 ( 0.050) 5(4,2 - 5213 [ 69056]
30089.690 ( 0.050) 6(5 2 - 633 [ 69056)
30116980 ( 0.050) 6(6 1) - 6(4,2 [ 69056)
30890.660 ( 0.050) 12(9, 3) - 12( 8, 4 [ 69056)
31630.060 ( 0.050) 76,2 - 74 3 [ 69056)
31902.800 ( 0.050) 17(14, 3) - 17(13, 4) [ 69056)
32177.040 ( 0.050) 21,2 - 1L, 1 [ 69056}
32804.780 ( 0.050) 11(8, 3 - 11(7, 4 [ 69056]
32868.360 ( 0.050) 20,2 - 10D [ 69056)
33105.740 ( 0.050) 32(25, 7) - 32(25, 8) [ 69056]
33191.120 ( 0.050) 22(17, 5) - 22(17, 6) [ 69056]
33678.740 ( 0.050) 2721, 6) - 2721, 7) [ 69056]
34030.040 ( 0.050) 8(7,.2) - 8513 [ 69056]
34347.640 ( 0.050) 15(13, 2) - 15(12, 3) [ 69056)
34737.930 ( 0.050) 10( 7, 3) - 10( 6, 4) [ 69056)
34878.280 ( 0.050) 19(15, 4) - 19(14, 5) [ 69056)
35432.940 ( 0.050) 18(15, 3) - 18(14, 4) [ 69056)
35551.980 ( 0.050) 20(16, 4) - 20(15, 5 [ 69056)
35908.370 ( 0.050) N7, - 7S 2) [ 69056}
CHCH"“CH;CH, 13108.050 ( 0.050) 22(18, 4) - 22(18, 5) [ 69056}
13436.270  ( 0.050) 2722, 5) - 27(22, 6) [ 69056]
14937.670  ( 0.050) (2,1 - 322 [ 69056)
15670.680 ( 0.050) 16(13, 3) - 16(13, 4) [ 69056]
15957.860 ( 0.050) 2L - 2142 [ 69056)
16317.070 ( 0.050) 10 8, 2) - 10( 8, 3) [ 69056)
17638.860 ( 0.050) 26(21, 5) - 26(21, 6) [ 69056)
18151.190  ( 0.050) 2(2,1) - 202 [ 69056]
18748.400 ( 0.050) 1(0,1) - 0(0,0 [ 65056)]
19035.370  ( 0.030) 972 - %73 [ 69056)
19515.360 ( 0.050) (3, 1D - 31,2 [ 69056)
21242280 ( 0.050) 20(16, 4) - 20(16, 5) [ 69056)
21537.330 ( 0.050) 8(62) - 806 3 [ 69056)
21633.300 ( 0.050) 44, 1) - 42,2 [ 69056)
22834.550 ( 0.050) 30024, 6) - 3024, 1 [ 69056)
22946.770  ( 0.050) 14(11, 3) - 1411, 4) [ 69056}
23714.640  ( 0.050) 752 - 7S 3 [ 69056)
24689.020 ( 0.050) 551 - 53,2 [ 69056)
25479.970 ( 0.050) 6(4,2) - 643 [ 69056)
26781.140 ( 0.050) 532 - 533 [ 69056}
27458.760  ( 0.050) 2419, 5) - 2419, 6) [ 69056)
27623.440 ( 0.050) 422 - 423 [ 69056]
28412.270 ( 0.050) 3(2,2) - 30,3 [ 69056)
28418.280 ( 0.050) 29(23, 6) - 29(23, 7) [ 69056)
28608.300 ( 0.050) 43,2 - 41, [ 69056)
28813.330 ( 0.050) 661 - 642 [ 69056)
29024.700 ( 0.050) 5(4,2) - 5213 [ 69056)
29735.270 ( 0.050) 12(9,3) - 12(9, 9 [ 69056]
29794.850 ( 0.050) 652 - 63,3 [ 69056}
30124.010 ( 0.050) 18(14, 4) - 18(14, 5) [ 69056]
30185.340 ( 0.050) 17(14, 3) - 17(13, 4) [ 69056]
31090.770 ( 0.050) 76,2 - 74,3 [ 69056)
31462.860 ( 0.050) 15(13, 2) - 15(12, 3) [ 69056)
31779.600 ( 0.050) 12( 9, 3) - 12( 8, 4 [ 69056]
32177.360  ( 0.050) 21,2 - 1L [ 69056}
32775.260 ( 0.050) 18(15, 3) - 18(14, 9) [ 69056}
32820.190 ( 0.050) 20,2 - 10, 1) [ 69056]
33115.040 ( 0.050) 8(7,2) - 853 [ 69056]
33659.350 ( 0.050) 1108, 3) - 11(7, 4 [ 69056)
34052.600 ( 0.050) (7, 1) - 7S 2 [ 69056)
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TABLE 23.3. Microwave spectrum of cyclobutene — Continued CiHe
Isotopic Frequency  Unc. J(KKy) - J'(K-uKL) Ref.
species (MHz) (MHz)
34296.890 ( 0.050) 28(22, 6) ~ 28(22, 7) [ 69056)
34912930 ( 0.050) 20016, 4) - 20(15, 5) [ 69056)
34964.950 ( 0.050) 10(9,2) - 10(8, 3) [ 69056)
35101.650 ( 0.050) 33(26, 7) - 33(26, 8) [ 69056)]
35163.070 ( 0.050) 19(15, 4) - 19(14, 5) [ 69056]
35438.630 ( 0.050) 10( 7, 3) - 10( 6, 4) [ 69056)
CDCHCH.CH, 12403.970 ( 0.050) (2,1 - 322 [ 69056)
[ 13781.880  ( 0.050) 22(16, 6) - 22(16, ) [ 65056)
14366.730  ( 0.050) L) - 21,2 [ 69056]
15068.330  ( 0.050) (52 - (S 3 [ 69056]
16523.210 ( 0.050) 25(18, 7) - 25(18, 8) [ 69056])
16866.450 ( 0.050) 18(13, 5) - 18(13, 6) [ 69056)
17652.930 ( 0.050) 1(0,1) - 0(0, 0 [ 69056]
18680.110 ( 0.050) 202, 1) - 21,2 [ 69056)
18862.600 ( 0.050) 6(4,2) - 64 3 [ 69056}
18958.120 ( 0.050) 22,1 - 202 [ 69056]
19090.760  ( 0,050) (1,1 - 00,0 [ 69056]
19264.820 ( 0.050) 14(10, 4) - 1410, 5) [ 69056]
19452.160 ( 0.050) 28(20, 8) ~ 28(20, 9) [ 69056]
20203.160 ( 0.050) 1007,3) - 1(7, 4 [ 69056]
22183.560 ( 0.050) 5(3,2) - 53,3 [ 69056]
22323.780 ( 0.050) 3D - (1,2 [ 69056)
24027.880 ( 0.050) 2417, Ty - 24(17, 8) [ 69056]
24742,360  ( 0.050) 402,2) - 4023 [ 69056]
25204.180 ( 0.050) 96 3 - 96 4 [ 69056]
27733.050 ( 0.050) 3(2,2 - 303 [ 69056]
27763.050 ( 0.050) 44, 1) - 4022 [ 69056)
27897.880 ( 0.050) 27(19, 8 - 2719, 9) [ 69056]
28057.100 ( 0.050) 20(14, 6) - 20014, 7) [ 69056
28619.590 ( 0.050) 43,2 - 4L [ 69056]
29684.540 ( 0.050) 8( 53 - B8(549 [ 69056)
30238.940 ( 0.050) 20,2 - (LYY [ 69056]
30516.930 ( 0.050) 21,2 - 1LY [ 69056]
30797.620 ( 0.050) 16(11, 8) - 16(11, 6) [ 69056)
31541.360 ( 0.050) 12( 8, 4) - 12( 8, 5) [ 69056]
31676.740 ( 0.050) 2(0,2 - 1(0, 1) [ 69056]
31954,750 ( 0,050) (1,2 - (oD [ 69056])
31957.870 ( 0.050) 3021, 9) - 30(21,10) [ 69056]
31957.870 ( 0.050) 30021, 9) - 30(21,10) [ 69056)
35483.300 ( 0.050) 5(5 1) - 532 [ 69056]
CHCHCH,CHD 12803.540 ( 0.050) 18(14, 4) - 18(14, 5) [ 69056)
13230.540 ( 0.050) (2,1 - 322 [ 69056)]
13230.540 ( 0.050) 3(2,1) - 322 [ 69056]
13762.560 ( 0.050) 22(17, §) - 22(17, 6) [ 69056]
14399.510 ( 0.050) 2620, 6) - 26(20, 7) [ 690561
14620.860 ( 0.050) 2L, 1) - 21,2 [ 69056]
14764.690  ( 0.050) 3023, 7) - 3023, 8) [ 69056)
15995.340 ( 0.050) 8(6,2) - 863 [ 69056]
17583.810 ( 0.050) 2(2, 1) - 21,2 [ 69056]
17719.250 ( 0.050) 2(2, 1) - 20,2 [ 69056)
17989.550 ( 0.050) 1(0,1) - 0(0, 0) [ 69056]
18977.240 ( 0.050) (L1 - 00 0) [ 69056]
19040.630  ( 0.050) (52 - 7S 3) [ 69056]
19553.270 ( 0.050) 1209, 3) - 12(9, 4 [ 69056]
19805.750  ( 0.050) (3D - 31,2 [ 69056)
21718.690 ( 0.050) 6(4,2) - 6(4,3 [ 69056]
22354.920 ( 0.050) 16012, 4) - 16(12, ) [ 69056]
23137.830 ( 0.050) 44,1 - 422 [ 69056
23865.560 ( 0.050) 5032 - 533 [ 69056]
24527.850 ( 0.050) 20(15, 5) - 20(15, 6) [ 69056]
25376300  ( 0.050) 42,2 - 429 { 69056]
26159.620 ( 0.050) 24(18, 6) - 24(18, 7) [ 69056]
26928.310  ( 0.050) 3(2,2) - 303 [ 69056)
27317.500 ( 0.050) 2821, 7) - 28(21, ®) [ 69056)
27342.630 ( 0.050) 403, 2) - 41,3 { 69056]
27529.140  ( 0.050) 10(7,3) - 10(7 4 [ 69056]
27955.630 ( 0.050) 5(5 1) - 532 [ 69056]
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TABLE 23.3. Microwave spectrum of cyclobutene — Continued C,Hs
Isotopic Frequency Unec. JK-uKy) - J'(K_1,K4y) Ref.
species (MHz) (MHz)
30830.500 ( 0.050) 96, 3) - 96 4 [ 69056]
30969.960 ( 0.050) 2(0,2) - (LD [ 69056]
31105.370  ( 0.050) 21,2 - (LD [ 69056)
31957.590 ( 0.050) 20,2 - 1(0, 1 [ 69056]
32093.040 ( 0.050) 2(1,2) - 1o [ 69056]
32357.000 ( 0.050) 1410, 4) - 14(10, 5) [ 69056)

Table 24.1. Molecular constants for l-methylcyclopropene.

CH,;CCH,CH CH;CCH,CH

Parameter Ground State Torsional State
Rotational Constants

A (MHz) 20549.975(92) 20322.347

B (MHz ) 6357.084(28) 6342.620

C (MHz) 5176.431(17) 5172.440

a7 (kHz) 2.67(134)

pr  (kHz) 9.98(314)

Ag  (kHz) 77.0(72)

87 (kHz) 0.39(6)

s (kHz) 6.9(50)

Reference {present] [69066]
Internal Rotation Constants

I, (uk?) 3.1242 3.1242

] 6.16°2

Ay 0.99423 0.9922(65)

Ap -0.10730 -0.1262(52)

VvV, (em™%) 488.27(28) 483.3(7)

Reference [present] [69066]

Dipole Moment [69066]

By (D) 0.818(8)

wy (D) 0.19(2)

8Assumed parameter.

Comments: In reference [67066} a quantum number error
616-61p has been corrected to 616-615 and the 8,57-87¢
transition deviates by 1 MHz and thus, was not fit.
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TABLE 24.2. Microwave spectrum of methyl cyclopropene CiHs
Isotopic Frequency Unc. J'(K_-,K41) - J"(K-1,K4) w Sym. Ref.
species (MHz) (MHz)

CH;CCHCH; 9311,70 - (0.20) 6(1,6) - 5023 0 4 [ 69066}
l__] 10715.37 - ( 0.20) 12( 3, 9) - 12 3,10) 0 A4 [ 69066)
10727.09 (020) 12( 3, 9 - 12( 3,10 0 E [ 69066)
11515.16  ( 0.20) 1(0, 1) - 0(0, 0 1 AE [ 69066]
11533.51 (020) €0, 1 - 000 0 AE [ 69066)
1178758  ( 0.20) 41,3 - 41,4 0 A4 1 69066}
11787.68  ( 0.20) 41,3 - 41,49 0 E [ 69066)
1243558 (1 020) 17( 4,13) = 17( 4,14) 0 4 [ 69066]
1245393 (0.20) 8(2,6) - 827 0 4 [ 69066]
1246136 (0.20) 8(2,6 - 827 0 E [ 69066]
15371.51 (020) (1,0 - 1(0 ) 0 E [ 69066]
15379.86 ( 0.20) I(L,0 - 1(0, 1) 0 4 [ 69066]
16621.89  ( 0.20) 201, 1) - 2002 0 E [ 69066]
16630.94 (020 ) 2L - 2002 0 4 [ 69066])
17635.13  ( 0.20) 5(1,4 - 51,5 0 4 [ 69066]
1838064 (020) 31,2 - 303 1 A4 [ 69066]
18627.85 ( 0.20) 3(1,2) - 30,3 0 E [ 69066]
1863695 (0.20) (L2 - 303 0 4 [ 69066]
1902497 (020) 3(1,2) - 303 1 E [ 69066)
2123055  (020) 30,3 - 21,2 0 4 [ 69066)
2124035 (020) 3(0,3) - 212 0 E [ 69066}
2138495 (1 020) (0,3 - 21,2 1 4 [ 69066)
21531.01 (020) 41,3 - 40 9 0 E [ 69066]
21539.86 (020) 41,3 - 40,4 0 4 [ 69066)
2157129 (020) (0,3 - 21,2 1 E [ 69066)
21859.99 (020) 21,2 - (LD 1 A4 [ 69066]
21886.30 (020) 2142 - LD 0 4 [ 69066)
21887.22 (020) 21L,2 - LD 0 E [ 69066)
2232266 (1 020) 2(1,2 - LD 1 E [ 69066)
22959.79  (020) 20,2 - 1(0 1) 1 4 [ 69066)
22961.32 (1 020) 200,2) - (01 1 E [ 69066]
22996.37 (020) 200,22 - 10, 1) 0 AE [ 69066)
23729.21 (0.20) LD - 1(1L,0 1 E [ 69066)
2420036  (020) 2L - 1(1,0 1 4 [ 69066]
24246.60 ( 0.20) 2ALD - (L0 0 E [ 69066)
2424753  (020) 250D - (L0 0 4 [ 69066])
24572.15  ( 020) 61,5 - 6(1,6) 0 E [ 69066]
2457259  (020) 61,5 - 61,6 0 4 [ 69066)
24828.50 (020) (L, 1D - 0000 1 E [ 69066]
2549480 (1 020) (LD - o0 0) 1 4 [ 69066]
25721.74 ( 020) 11, D) - 00,0 0 E [ 69066)
25732.61 (0.20) (L, D - 000 0 0 4 [ 69066}
30621.58  ( 0.20) 6(1,5 - 60 6) 0 E [ 69066]
30629.55 (020) 6( 1,5 - 6(0, 6 0 A [ 69066)
32747.21 (020) 1,3 - 212 1 A4 [ 69066}
32786.00 (020) 1,3 - 21,2 0 4 [ 69066}
32786.23 ( 0.20) (L3 - 2A1L2 0 E [ 69066]
32986.28 ( 0.20) (L3 - 212 1 E [ 69066)
3339801 ( 0.20) 11(2,9 - 11(2100 0 4 [ 69066)
3340793  (0.20) 11(2,9 - 11210 0 E [ 69066]
34265.23 (020) 30,3 - 202 1 A4 [ 69066}
34272.90 (020) 3(0,3) - 20,2 1 E [ 69066]
34319.62  ( 020) 30,3 - 202 0 E [ 69066]
34319.78  ( 0.20 ) 30,3 - 202 0 4 [ 69066]
3454495 ( 020) 3(2,2) - 22,1 1 A4 [ 69066]
34599.99 (020) 302,22 - 221 0 A4 { 69066]
34633.68 (0.20) (2,2 - 2210 0 E [ 69066)
34680.80 (020) 3(2, 1) - 220 1 E [ 69066]
34684.4 (02 ) 3(2,2) - 22 1 E [ 69066}
34824.96 (020) 3(2, ) - 220 1 A [ 69066]
34847.38  ( 0.20) 3(2,1) - 20240 O E [ 69066)
3488095  ( 0.20 ) (2, ) - 2020 O0 A4 [ 69066]
35839.23  ( 0.20) 20,2 - o1 1 A [ 69066]
36018.19  (0.20 ) (1,2 - 2L 1 4 [ 69066]
3607546 (020 ) 21,2 - 1(01) O E [ 69066)
36085.55 (0.20) 21,2 - 101 0 A [ 69066}
36255.04 (020) L2 - LD 1 A [ 69066]
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TABLE 24.2. Microwave spectrum of methyl cyclopropene — Continued C.H,
Isotopic Frequency Unc. - J'"(K-,K+1)) w Sym. Ref.
species (MHz) (MHz)
36325.16 (0.20) - 2(L 0D 0 E [ 69066]
36325.49 (020) - 2L 0 4 [ 69066]

Table 25.1. Molecular constants for
methylene cyclopropane.

Parameter Value
A" (MHz) 19415.25(88)
B" (MHz) 6877.1615(65)
c" (MHz) 5445.1776(80)
T, (MHz) -0.09252(813)
T, (MHz) -0.01784(239)
1,2 (MHz) 0.53(22)
Tppbp (MH2) -0.0099(20)
Tecee (MHzZ) -0.0052(24)

Dipole Moment ([70062]
g (D) 0.402

Zeeman Constants [70063]

Baa (ny) -0.0672(7)

gpp  (uy) -0.0231(4)

8ce () +0.0244(4)
2Xaa"Xbb~Xce 18.3(5)x10 ®erg/G?-mol
“Xaat2Xpb~Xcc 14.9(6)x10" ®erg/G2 mol

Table 25.2. Rotational constants for the 13¢C
isotopic species of Methylene
cyclopropane. [70062]

8The value of 1, is fixed by setting R, = 0.

13cH, CH, CH,

\ ] |
CH,CCH, CH,'*CCH, 13CH,CCH,

Parameter — —_ —
A (MHz) 19424.(10) 19422.(10) 18998.1(1)
B (MHz) 6641.30(3) 6869.05(3) 6795.51(3)
C (MHz) 5296.18(3) 5440.07(3) 5360.78(3)
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TABLE 25.3. Microwave spectrum of methylenecyclopropane C4H;
Isotopic Frequency Unc. J'K_,Ki)) - J"(K-1,Kyy) Ref.
species (MHz) (MHz)
CH,CCH,CH, 8585.980 ( 0.050) 3(L,2) - 31,3 [ 70062]
12090.430 ( 0.050) 72,5 - 72 6) [ 70062]
12322.307 ( 0.010) 1(0, 1) - 0(0, 0) [ 70063}
CH, 14278707  ( 0.040) 41,3 - 41, 4 [ 700631
I 18487.390  ( 0.050) 8(2,6) - 8217 [ 70062]
C 21316.600 ( 0.050) 51,4 - 51,5 [ 70062]
/\ 23212.478  ( 0.020) 2(014L,2) - (LY [ 70063]
H,C—CH, 24528.790 ( 0.020) 200,2) - 10,1 [ 70063]
26076.420 ( 0.010) 2L 1) - 1(1, 0 [ 70063]
26350970  ( 0.050) 92,7 - 92,8 [ 70062]
34749.020 ( 0.050) 3(L3) - ALY [ 70062]
36508.560 ( 0.050) 3(0, 3 - 20,2 [ 70062}
36966.320  ( 0.050) 302,2) - 2(2, ) [ 70062]
37424.430 ( 0.050) 3(2,) - 2(2,0 [ 70062]
39039.020 ( 0.050) (L2 - AL, D [ 70062
BCH,CCH,CH, “C; 11937.540 ( 0.050) 1(0, 1) - 0(O0, 0) [ 70062]
22529.840 ( 0.050) 21,2 - 1(L, D [ 70062]
23774300 ( 0.050) 2(0,2) - 1(0, 1 [ 70062]
25220.080 ( 0.050) 2(1, 1) - (1, 0) [ 70062]
CH,"*CCH,CH; “C, 12309.200 ( 0.050) 1(0, 1) - 0(0, 0) [ 70062]
23189.260 ( 0.050) 21,2 - (L1 [ 70062}
24503.060 ( 0.050) 2(0,2 - 10,1 [ 70062]
26047.220 ( 0.050) 2L, 1) - 1(1,0 [ 70062])
CH,C"*CH,CH, BC; 12156.350  ( 0.050) 1(0, 1) - 0O(0, 0 [ 70062]
12350.090 ( 0.050) 72,5 - 702, 6 [ 70062]
18834.220 ( 0.050) 82,6 - 82,7 [ 70062}
22877.860 ( 0.050) 21,2 - (LD [ 70062]
24193.450 ( 0.050) 2(0,2) - 1(0, 1) [ 70062]
25747.310 ( 0.050) 2(1L, 1) - 1(1,0) [ 70062]
26776.6 (02) 92,7 - 928 [ 700621
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Table 26.1. Moleculaf constants for the Table 26.2. Molecular constants for excited vibrational
ground vibrational state of states of l-butene. [68043]
cis- and skew-1l-butene.

Parameter cis-1-butene skew-1-butene
Parameter cis-1-butene skew-1-butene

CC torsion v=1
Rotational Constants [present]

A (MHz) 15338.60 22545.89
A (MHz)  15302.559(25) 22557.431(33)

B (MHz) 5539.25 4166.65
B' (MHz) 5574.9560(64) 4156.123(13)

Cc (MHz) 4301.14 4068.25
c' (MHz ) 4303.1269(75) 4056.202(13)

CC torsion v=2
T, (MHz) a 0.2425(66)

A (MHz) 15392.70 22542.828
T, (kHz) -4.3111(4) 28.50(221) 22543.998
Ts (MHz) 0.37(3) 6.86(150) B (MHz) 5516.67 4177.15
Taaaa (MH2) -0.103(21) a C (MHz) 429462 4078.45
Tppbb (kHz) -21.528(804) -8.422(2053) Methyl torsion v=1
Teece (kHzZ) -5.093(1009) -15.033(2020) A (MHz) 15274.57 22571.19
Electric Dipole Moment [680431 B (MHz) 5547.22 4150.52
Uy (D) 0.368(4) 0.345(7) C (MHz) 4290.53 4052.51
Yp (D) 0.237(6) 0.081(11) Methyl torsion v=2
e (D) --- 0.059(16) A (MHz) 15274.57

B (MHz) 5519.95
8Not determinable.
Comments: An error in reference [68043] has c (MHz) 4278.05
been corrected. The 1,;-0gg transition
frequency for skew-l-butene should b3 26713.84 Skeletal bend v=1
rather than 26613.84. -

B (MHz) 4148.85

¢ (MHz) 4043.08

3The two values refer to the doublet components for
the J(1,J-1) - J(0,J) transitions.
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Table 26.3. Rotational constants for deuterated and 13C
isotopic forms of l-butene.

Species? Parameter cis-l-butene skew-1l-butene Reference
1-4 A (MH2) 15154.73 22159.8 [68043)
B (MHz) 5197.01 3924.04
C (MHZ) 4063.89 3823.00
2-d A (MHz) 14279.29 21083.7 (68043]
B (MHz) 5518.02 4006.04
c (MHz) 4185.50 3924.16
3-d4 A (MHz) 14381.80 20477, [68043]
B (MHz) 5456.94 4108.80
Cc (MHz) 4159.06 4002.65
4-d A (MHz) 14261.64 20342.4 [68043)
B (MHz) 5474.89 4113.03
C (MHz) 4207.41 3981.11
5-d A (MHz) 20592.9 [68043]
B (MHz) 4143.13
C (MHz) 3993.69
6-d A (MHz) 15233.15 [68043]
B (MHz) 5209.19 3925.09
C (MHz) 4077.42 3837.82
7-4 A (MHz) 14367.82 [68043]
B (MHz) 5441.16 4023.63
C (MHz) 4197.86 3902.19
8-d B (MHz) 4047.80 [68043]
¢ (MHz) 3946.61
1,1-4, A (MHz) 14187.125(11) 20858.(200) [81038]
B (MHz) 5148.606(4) 3795.009(34)  [80033]
¢ (MHz) 3962.463(4) 3710.571(34)
1,3-4, A (MHz) 14197.37 20173. [68043)
B (MHz) 5105.83 3880.38
C (MHz) 3937.88 3780.03
2,3-d, B (MHz) 3980.54 [68043]
C (MHz) 3857.63
4,5-d, B (MHz) 4081.14 [68043)
¢ (MHz) 3939.25
4,6-d, B (MHz) 3886.88 (68043]
C (MHz) 3774.58
4,7-4, B (MHz) 3974.43 [68043]
C (MHz) 3844.13
4,8-d, B (MHz) 4024.61 [68043]
C (MHz) 3861.02
5,6-d, B (MHz) 3915.52 [68043]
C (MHz) 3782.18
5,7-d, B (MHz) 4016.84 (68043]
C (MHz) 3839.49
5,8-d, B (MHz) 4021.58 [68043]
Cc (MHz) 3901.38
dg A (MHz) 10597.801(8) {81038)
B (MHz) 4412.849(6) 3313.17 [79033)
C (MHz) 3374.997(6) 3221.16
1-13¢ A (MHz) 15148.537(16) [81038)
B (MHz) 5442.077(3) 4044.66 [79033]
¢ (MHz) 4211.638(3) 3952.64
4-13¢ B (MHz) 4053.72 [79033)
¢ (MHz) 3956.64

8gee references [68043) and {79033] for hydrogen atom numbering.
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Table 26.4. Centrifugal distortion constants for isotopic
forms of l-butene.

Parameter cis-1,1-d, cis-1-13C cis-d, skew-1,1d,
[81038] [81038] [81038] {80033]

a5 (kHz)  2.959(56)  3.37(6) 2.01(12)  3.13(24)

Agy (kHz)  -7.94(32) -9.90(27) -4,16(15) -53.89(72)

oy (kHz)  24.8(12) 31.7(34) 11.6(10)
65 (kHz)  0.888(25)  0.991(14)  0.590(10) -0.82(40)

8y  (kHz) 3.67(7) 4.15(36) 1.06(22)
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TABLE 26.5. Microwave spectrum of 1-butene CH;
Isotopic Frequency  Unc. JK_,Ke) - J(K_,Ki) w Sym. Vib, Ref.
species (MHz) (MHz) state
¢-CH,CHCH,CH, 9878.05 (0.10) 10, 1) - 0(0, 0 [ 68043)
9911.79  ( 0.10) 20,2 - LD [ 68043}
10093.93 (0.10) 14( 4,10) - 14( 4,11) [ 68043]
10999.38  ( 0.10 ) 1(L,0 - 1(0 1) [ 68043]
12387.99 (0.10) 201, 1) - 20,2 [ 68043]
14186.07 ( 0.10) 1103, 8 - 11(39 [ 68043]
1467949 (0.10) (1,2 - 30,3 [ 68043)
15550.86 ( 0.10) 15( 4,11) - 15( 4,12) [ 68043]
16094.77 (0.10) 19( 5,14) - 19( 5,15) [ 68043]
18080.54 (0.10) 41,3) - 40, 4 [ 68043}
1848430 ( 0.10) 21,2 - KL, [ 68043)
19605.70 (0.10) (L1 0( 0, 0) [ 68043]
19639.36  ( 0.10) 20,2) - 100 [ 68043]
20600.76 (0.10) 3(0,3) - 21,2 [ 68043]
21027.90 (0.10) (L1 - 1,0 [ 68043]
22762.12 (0.10) 5(1,4 - 505 [ 68043]
2334092 (0.10) 20( 5,15) - 20( 5,16) [ 68043]
2589090 ( 0.10) 52,3 - 51,4 [ 68043]
25980.86 (0.10) 6(2, 4 - 61,5 [ 68043]
26661.14 (0.10) 42,2 - 41,3 [ 68043]
27091.00 (010) 72,5 - (1L 6 2 E [ 68043)
27093.92 (0.10) 72,5 - 71,6 2 A [ 68043]
27220.76 (0.10) 72,8 - 71,6 [ 68043]
27464.68 (010) 31,3 - 21,2 2 A4 [ 68043)
27656.48 (0.10) (LY - 21,2 [ 68043}
27928.88 (0.10) 3(2, 1) - 31,2 [ 68043]
28211.92 (0.10) 21,2 - o1 [ 68043)
28266.80 (0.10) 6(1,5 - 60 6) 2 E [ 68043)
28272.40 (0.10) 6(1,5 - 60 6) 2 A [ 68043]
28763.56 (010) 6(1,5 - 60 6 [ 68043)
2895480 (0.10) 30,3 - 2072 2 E [ 68043)
28955.50 (0.10) 30,3 - 20,2 2 A [ 68043]
2917348 ( 0.10) 3(0,3) - 202 [ 68043]
29299.48 (0.10) 2020 - 21,0 [ 68043]
29531.02 (010) 8( 2, 6) 81,7 2 E [ 68043]
29535.12 (010) 82,6 - 817D 2 A [ 68043]
29634.40 (0.10) 302,2) - 202, [ 68043]
29830.44 (010) 8(2,6 - 817D [ 68043)
30094.44 (0.10) (2, ) - 220 [ 68043]
31180.46 (0.10) 17( 4,13) - 17( 4,14) [ 68043)
31183.52 (0.10) 3L - 2L D) 2 E [ 68043]
31184.88 (0.10) (L2 - 224D 2 A [ 68043]
31343.56 (0.10) 40,4 - 31,3 [ 68043]
3146502 ( 0.10) (1,2 - 21,1 [ 68043]
33215.64 (0.10) 1002, 8 - 10( 2,9 [ 68043)
33442.80 (0.10) 92,7 - 91,8) 2 E [ 68043]
33448.66 (0.10) 92,7 - 91,8 2 A [ 68043]
33958.86 (0.10) 92,7 - 91,8 [ 68043]
34975.72 (0.10) 32,2 - 31,3 [ 68043]
¢-PCH,;CHCH,CH, 834835 (0.10) 1003, D - 10(3, 8) [ 81038)
9136.60 (0.10) 14( 4,10) - 14( 4,11) [ 81038]
9327.52  ( 0.10) 18( 5,13) - 18( 5,14) [ 81038]
949120 ( 0.10) 20,2 - 1(L 1 { 81038]
9653.70 (0.10) (o, 1) - 0O(0, 0 [ 81038]
10936.87 ( 0.10 ) 1,0 - IO, 1) [ 81038)
11112.32 (0.10) 72,5 - 72 6) [ 81038]
27049.63  ( 0.10 ) 3(1,3) - 21,2 [ 81038]
27783.45 (0.10) (L2 - IO 1) { 81038]
27888.53  ( 0.10 ) (2, - 31,2 [ 81038)
28035.05 (0.10) 6(1,5 - 60, 6 [ 81038]
2852762 (0.10) 30,3 - 20,2 [ 81038)
28961.00 (0.10) 32,2 - 22,1 [ 81038}
29325.20 (0.10) 8(2,6) - 81,7 [ 81038]
29394.13  ( 0.10) 2,0 - 22 0 [ 81038)
30734.48  ( 0.10) 3(1,2 - 21,1 [ 81038]
32810.35 ( 0.10) 202,10 - 21,2 [ 81038}
3318115 (0.10) 2,7 - 91,8 [ 81038]
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TABLE 26.5. Microwave spectrum of 1-butene — Continued C.H;
Isotopic Frequency  Unc. JK _, K1) - J"EK LK) w Sym. Vib. Ref.
species (MHz) (MHz) state

3472180 (0.10) 32,2 - 31,3 [ 81038]
35635.38 (0.10) 3(L,3) - 20,2 [ 81038]
35931.38 (0.10) 41,4 - 31,3 [ 81038]
37299.28 (0.10) 42,3 - 41,49 [ 81038]
37873.70 (0.10) 8(2,6) - 739 [ 81038]
38290.50 (0.10) 6(1,5 - 502 49 [ 81038]
38528.83 (010) 42,3 - 3022 [ 81038]
38548.10 (010) 10( 2, 8 - 10( 1, 9) [ 81038]
38816.85 (0.10) 43,2 - 331 [ 81038)
38853.47 (010) 403, 1) - 3030 [ 81038]
39152.77 (010) 11(3, 8 - 11{(2, 9 [ 81038]
39271.28 (0.10) 1003, 7 - 10(2 8 [ 81038]
39576.70  ( 0.10) 42,2 - 32, D [ 81038]
¢-CD,CDCD,CD; 27002.65 (010) 3(1L,3 - 20,2 [ 81038}
27181.95 (0.10) 1103, 8 - 11(2, 9 [ 81038]
27572.00 (0.10) (3,4 - 72 5 [ 81038]
28074.08 (010) (1,6) - 70,7 [ 81038]
28264.02 (0.10) 5(2,4) - 51,5 [ 81038]
28859.47 (0.10) 41,4 - 31,3 [ 81038]
29347.10 (0.10) 6(3,3 - 62, 4 [ 81038]
30036.83 (010) 40,4 - 3003 [ 81038]
30207.20 (0.10) 12( 3, 9) - 12( 2,10 [ 81038]
- 31004.85 (0.10) 5032 - 5023 [ 81038]
31057.40 (010) 4(2,3) - 3022 [ 81038]
31367.07 (0.10) 43,2 - 3031 [ 81038]
31418.97 (0.10) 43, 1) - 3030 [ 81038]
31587.97 (0.10) 6(2,5 - 61,6) [ 81038]
31664.25 (0.10) 10(2,8 - 10(1,9 [ 81038]
32170.90 (0.10) 402,2) - 3201 [ 81038]
32257.33 (0.10) 403, 1) - 4022 [ 81038)
32958.59 (0.10) 41,3 - 31,2 [ 81038]
32968.35 (0.10) 41,4 - 303 [ 81038]
33511.55 (0.10) 14( 4,10) - 14 3,11) [ 81038}
33553.80 (010) 13( 4,9) - 13( 3,10 [ 81038]
33899.62 (0.10) 43,2 - 402 3) [ 81038]
33976.66 ( 0.10) (0,5 - 41,9 [ 81038]
34494.67 (0.10) 5(3,3 - 5249 [ 81038]
34677.32 (0.10) 13( 3,10) - 13( 2,11) [ 81038]
34817.07 (0.10) 12(4,8) - 12(3, 9 [ 81038]
34956.13 (0.10) 15( 4,11) - 15( 3,12) [ 81038]
35168.25 (010) 2(2,1) - 1(1,0) [ 81038]
35424.07 (0.10) 72,6 - 71,7 [ 81038]
35473.48 (0.10) 6(3,4) - 6(2 5 [ 81038]
35697.43 (0.10) 6(1,5 - 524 [ 81038]
35902.22 (0.10) 5(1,5 - 41,4 [ 81038]
36326.15 (0.10) 2(2,0 - (L1 [ 81038]
36908.17 (0.10) 5(0,5 - 40,4 [ 81038]
36912.95 (0.10) 11(4, 7) - 11( 3, 8 [ 81038]
36921.52 (0.10) 7(3,5 - 1726 [ 81038]
38021.70 (0.10) 16( 4,12) - 16( 3,13) [ 81038]
38672.17 (0.10) 5(2,4 - 42,3 f 81038]
3883372 (010) 5(1,5 - 40,4 [ 81038]
39267.18 (0.10) 5(3,3) - 43,2 [ 81038]
39445.56 (0.10) 5(3,2 - 43D [ 81038]
¢-CD,CHCH,CH, 8459.65 (0.10) 1003, 7) - 10( 3, 8) [ 81038}
9111.25 (0.10) 1(0, 1) -~ 0(0, 0 [ 81038]
9496.05 (0.10) 14( 4,10) - 14( 4,11 [ 81038]
9951.02 (010) 18( 5,13) - 18( 5,14 [ 81038]
1022470  ( 0.10) (L0 - 1(0, 1) [ 81038])
10949.15 (0.10) 72,5 - 726 [ 81038}
11520.25 (0.10) 201,10 - 2(0,2 [ 81038]
11818.55 (010) 41,3 - 41,9 [ 81038]
27224.10 (010) 2020 - 20,1 [ 81038]
27333.75 (0.10) 32,2 - 202, D) [ 81038]
27764.72 (0.10) 3(2,1) - 2020 [ 81038]
27770.48 (0.10) 8(2,6) - 81,7 [ 81038]
28855.65 (0.10) 40,49 - 31,3 [ 81038}
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TABLE 26.5. Microwave spectrum of l-butene — Continued C.H;
Isotopic Frequency Unc. JK_,K) - JE K w Sym. Vib. Ref.
species (MHz) (MHz) state
29004.15 (0.10) 12(4,8 - 11(5 7 [ 81038]
29041.18 (0.10) 3(1,2 - 2L 1D [ 81038)
30673.70 (0.10) 202, 1) - 212 [ 81038]
31638.40 (0.10) 92,7 - 91,8 [ 81038]
32518.65 (0.10) 32,2 - 31,3 [ 81038])
32760.00 (0.10) 1003, 7) - 94,6 [ 81038]
33450.07 (010) 3(1,3)) - 20,2 { 81038]
33871.12 (010) 41,4 - 31,3 [ 81038]
35006.90 (0.10) 42,3 - 41,49 [ 81038)
35403.32 (0.10) 40,4 - 3(0 3 [ 81038]
35833.15 (0.10) 17¢ 6,11) - 16( 7,10) { 81038]
36359.41 (010) 4(2,3) - 3022 [ 81038]
36528.65 (010) 1003, 7) - 10( 2, 8 [ 81038)
36641.55 (0.10) 6(1,5 - 5249 [ 81038]
3664327  ( 0.10 ) 11( 3, 8) - 11( 2, 9) [ 81038]
36645.70 (0.10) 403, 2 - 3031 [ 81038}
36683.38 (0.10) 4(3, 1) - 3030 [ 81038)
36722.30 (0.10) 8(26) - 73,5 [ 81038]
37400.18 (0.10) 402,2) - 3021 [ 81038]
37584.08 (0.10) 9(3,6) - 92,7 [ 81038]
38146.40 (0.10) 5(2,4 - 51,5) [ 81038])
38194.23 (0.10) 12( 3, 9 - 12( 2,10) [ 81038]
38578.33 (0.10) 41,3 - 31,2 [ 81038]
38587.72 (0.10) 50,5 - 41,4 [ 81038]
39448.42 (0.10) 835 - 826 [ 81038])
s-CH,CHCH,CH; 8212.46 (0.10) 1(0,1) - 0(0, 0) [ 68043]
13181.66 (010) 15( 1,15) - 15( 0,15) [ 68043]
13190.73 (010) 15( 1,15) - 15( 0,15) 0 A 2v, [ 68043]
13200.86 (0.10) 15( 1,15) - 15( 0,15) 0 E 2v; [ 68043]
13230.51 (0.10) 15( 1,15) - 15( 0,15) 0 A 1y, [ 68043]
1323087 ( 0.10) 15( 1,15) - 15(0,15) 0 E 1v, [ 68043]
13763.28 (0.10) 14( 1,14) - 14( 0,14) [ 68043]
13766.70 (010) 14( 1,14) - 14( 0,14) 0 A 2v, [ 680431
13776.69 (0.10) 14( 1,14) - 14( 0,14) 0 E 2v, [ 68043]
13805.03 (0.10) 14( 1,14) - 14( 0,14) 0 A v, [ 68043]
13805.40 (0.10) 14( 1,14) - 14( 0,14 0 E v, [ 68043]
14323.54 (010) 13( 1,13) - 13( 0,13) 0 A 2v, [ 68043]
14325.69 (0.10) 13( 1,13) - 13( 0,13) [ 680431
14333.51 (0.10) 13( 1,13) - 13( 0,13) 0 E 2v, [ 68043]
14360.38 (0.10) 13( 1,13) - 13( 0,13) 0 A v, [ 68043]
14360.75 (0.10) 13( 1,13) - 13( 0,13) 0 E 1v, [ 68043]
14857.60 (0.10) 12( 1,12) - 12( 0,12) 0 AE 2v, [ 68043]
14864.97 (0.10) 12( 1,12) - 12( 0,12) [ 68043]
14892.71 (0.10) 12( 1,12) - 12( 0,12) 0 A 1y [ 68043]
14893.03 (0.10), 12( ,12) - 12( 0,12) 0 E v, [ 68043]
15365.11 (0.10) 11( 1,11) - 11( 0,11) 0 A 2v, [ 68043]
15374.89 (0.10) 11 1,11y - 11( 0,11) 0 E 2v, [ 68043]
15377.58 (0.10) 11¢ 1,11) - 11( 0,11) [ 68043]
15398.38 (0.10) 11¢ 1,11) - 11 0,11) 0 A 1y [ 68043]
15398.74 (0.10) 11( ,11) - 11( 0,11) 0 E v, [ 68043]
15842.62 (0.10) 10( 1,100 - 10( 0,10) 0 A 2v; [ 68043]
15852.50 (0.10) 10( 1,10) - 10( 0,10) 0 E 2v, [ 68043]
15859.89 (0.10) 10( 1,100 - 10( 0,10) . [ 68043]
15874.13 (0.10) 10( 1,10) - 10( 0,10) 0 A 1y [ 68043]
15874.48 (010) 10( 1,10) - 10( 0,10) 0 E v, [ 68043]
16307.89 (0.10) 21,2 - (LD 1 A [ 68043]
16308.17 (0.10) 21,2 - (LD 1 E [ 68043]
16325.14 (0.10) 21,2 - 1(L, D [ 68043]
16424.43 (0.10) 200,2) - 1(0, 1) [ 68043]
16503.95 (0.10) 21, 1D - 1(1,0 1 E [ 68043]
16504.15 (0.10) 201, 1) - 1(1L 0 1 A [ 68043]
16525.00 (0.10) 2L, 1) - (1,0 [ 68043]
16695.60 (0.10) 8( 1,8 - 80 8 0 A 2v, [ 68043]
16705.22 (0.10) 8( 1,8 - 80 8 0 E 2v, [ 68043]
16721.29 (0.10) 81,8 - 80 8 [ 68043]
16723.28 (010) 81,8 - 80 8 0 A v, [ 68043]
16723.62 (010) 8( 1,8 - 8O0 8 0 E v, [ 68043]
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TABLE 26.5. Microwave spectrum of 1-butene — Continued C.H;
Isotopic Frequency  Unc. J'(K-,Ky) - J"(K_,Ki) v Sym. Vib. Ref.
species (MHz) (MHz) state
17065.04 ( 0.10) (L7 - 70,7 0 A 2v, [ 68043]
17074.78 (010) (L7 - (0,7 0 E v, [ 68043]
1709124  ( 0.10) (L7 - (o7 0 4 v, [ 68043]
17091.54  ( 0.10 ) L7 - (o7 0 E 1y, [ 68043]
17094.62  ( 0.10) (L7 - 70,7 [ 68043]
17393.78 ( 0.10) 6(1,6) - 60 6) 0 A 2v; [ 68043)
1740340 (0.10) 6(1,6) - 60, 6) 0 E 2v, [ 68043]
1741820 ( 0.10) 6(1,6) - 6(0, 6) 0 A v [ 68043]
17418.60  ( 0.10) 6(1,6) - 6(0, 6) 0 E v [ 68043]
17426.56  ( 0.10) 6(1,6) -~ 6(0, 6) [ 68043)
17679.56  ( 0.10) 5(1,5 - 505 0 4 P [ 68043]
17688.86  ( 0.10) 5(1,5 - 500, 5) 0 E 2v, [ 68043]
1770240 ( 0.10) 5(1,5 - 505 0 A v, [ 68043]
17702.70  ( 0.10) 5(1,5 - 50,5 0 E v, [ 68043]
1771477 ( 0.10) 5(1,5 - 505 [ 68043]
1791940 ( 0.10) 41,4 - 40, 49 0 4 2y [ 68043]
1792880 ( 0.10) 41,4 - 400 49 ] E 2y, [ 68043]
17957.80  ( 0.10) 41,4 - 40 49 [ 68043]
18113.60 ( 0.10) 3(1,3 - 30,3 0 AE 2y, [ 68043]
18153.93 (0.10) 3(L3) - 30,3 [ 68043}
18302.10  ( 0.10) 21,2 - 20,2 [ 68043]
18401.20 ( 0.10) (LD - 1(0, 1 [ 68043]
18501.28 (0.10) (1,0 - 101 [ 68043]
18601.64  ( 0.10) 201, 1) - 20,2 [ 68043]
1871242  (0.10) 3(1L,2) - 30, 3) 0 A 2v, [ 68043)
18713.66  ( 0.10) 3(L2) - 30,3 0 E 2y, [ 68043}
18725.60 ( 0.10) 3(1L,2 - 30,3 0 AE v [ 68043]
18753.00 (0.10) 3(1L,2) - 300,03 [ 68043]
18764.62  ( 0.10) 31,2 - 30 3) 1 A [ 68043]
18766.22  ( 0.10) 3(1,2 - 30, 3 1 E [ 68043]
1891420 ( 0.10) 41,3 - 40 9 0 A 2v, [ 68043]
1891530 ( 0.10) 41,3 - 40, 9 0 E 2y, [ 68043]
18926.10 ( 0.10) 41,3 - 400, 49 0 AE v [ 68043]
18957.26  ( 0.10 ) 401,3) - 400, 4 [ 68043]
18964.72  ( 0.10) 41,3 - 40,4 1 A [ 68043}
18966.26  ( 0.10) 41,3 - 40 4 1 E [ 68043]
19168.80  ( 0.10) 5(1,4 - 5005 0 A 2v, [ 68043)
19169.92 (0.10) 5(1,4) - 50,05 0 E 2y, [ 68043)
19179.42  (0.10) 5(1,4 - 50,05 0 A4,E v [ 68043]
1921420 ( 0.10) 5(1,4 - 505 [ 68043]
1921724 (0.10) 5(1,4 - 50,5 1 A [ 68043]
19218.86  ( 0.10) 5(1,4) - 5095 1 E [ 68043]
19477.53 (0.10) 6(1,5 - 60, 6 0 A 2v; [ 68043]
19478.67 ( 0.10) 61,5 - 60, 6 0 E 2v, [ 68043}
1948646  ( 0.10) 6(1,5 - 600, 6) 0 A.E v [ 68043]
1952306 ( 0.10) 6(1,5 - 600, 6) 1 A [ 68043)
19524.62 (0.10) 6(1,5 - 60, 6) 1 E [ 68043])
19526.14  ( 0.10 ) 6( 1,5 - 60 6 [ 68043]
19842.45 (010) 7(1,6) - 7(0, 7 0 A 2v, [ 68043]
19843.61 (010) (1,6 - 70,7 0 E v [ 68043]
19849.20 ( 0.10) (1,6 - 70,7 0 A,E 1y [ 68043)
19884,73  ( 0.10) L6 - 70,7 1 A [ 68043]
19886.41 (0.10) 7(1,6) - (0, 7 1 E [ 68043]
19894.69  ( 0.10) 7(1,6) - 70,7 [ 68043]
20265.59  ( 0.10) 8 1,7 - 8(0 8 0 4 2v, [ 68043]
20266.70  ( 0.10) 8(1,7) - B8O 8 0 E 2y, [ 68043)
20269.88 ( 0.10) 8 1,7) - 8(0 8 0 AE 1y, [ 68043]
20304.14  ( 0.10) 8 1,7 - B8(O0 8 1 A [ 68043]
2030592  (0.10) 8L, 7Y - 8(0, 8 1 E [ 68043]
20322.18 (010) 8( 1, 7) - 8(O 8 [ 68043])
20749.27 (0.10) 9( 1,8 - 90,9 0 A 2v, [ 68043]
20750.38 (0.10) 9 L8 - 909 0 E 2v, [ 68043]
20750.84  ( 0.10) 9 L8 - 909 0 AE v, [ 68043]
20783.64 ( 0.10) 91,8 - 909 1 A [ 68043]
2078547  ( 0.10) 91,8 ~ 909 1 E [ 68043]
20811.02  ( 0.10) 9L 8 - 909 [ 68043]
21294.66  ( 0.10) 10( 1, 9) - 10( 0,10) 0 A.E 1y, [ 68043]
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TABLE 26.5. Microwave spectrum of 1-butene — Continued C;H;s
Isotopic Frequency  Unc. JK_ Ky - J(K_L,Kip) v Sym. Vib. Ref.
species (MHz) (MHz) state
21296.28 (0.10) 10( 1, 9) - 10( 0,10) 0 A 2v, [ 68043)
21297.42 (0.10) 10( 1, 9) - 10( 0,10) 0 E 2v, [ 68043]
21325.93 (0.10) 10( 1, 9) - 10( 0,10) 1 A [ 68043]
21327.87 (0.10) 10( 1, 9 - 10( 0,10) 1 E [ 68043]
21363.88 (0.10) 10( 1, 9) - 10( 0,10) [ 68043]
21904.18 (0.10) ¢ 1,100 - 11 o,11) 0 AE v, [ 68043]
21909.25 (0.10) 11( 1,10y - 11 0,11) 0 A 2v, [ 68043]
2191041  ( 0.10 ) 11( 1,100 - 1 01il) © E 2v, [ 68043]
21933.64 (0.10) 11( ,10) - 11 O,11) 1 A [ 68043}
21935.76 (0.10) 11( 1,100 - 11( 0,11) 1 E [ 68043]
21983.88 (010) 11( 1,10) - 11( 0,11) [ 68043]
22582.60 (0.10) 12( 1,11) - 12( 0,12) 0 AE v, [ 68043]
22591.36 (0.10) 12 1,11) - 12( 0,12) 0 A 2v, [ 68043]
22592.61 (0.10) 12( L,i) - 12( 0,12) 0 E 2v, [ 68043]
2261008  ( 0.10 ) 12(1,11) - 12(012) 1 4 [ 68043]
22612.34 (0.10) 12( 1,11) - 12( 0,12) 1 E [ 68043]
22674.14 (0.10) 12( ,11) - 12( 0,12) [ 68043]
23334.00 ( 0.10) 13( 1,12) - 13( 0,13) 0 AE 1v, { 68043]
23346.40 (0.10) 13( 1,12) - 13( 0,13) ] A 2v, [ 68043]
23347.60  ( 0.10 ) 13(1,12) - 13(0,13) 0 E 2v, [ 68043]
23438.14 (0.10) 13( 1,12) - 13( 0,13) [ 68043]
24160.00 (0.10) 14( 1,13) - 14( 0,14) 0 AE v [ 68043]
24177.20 (0.10) 14( 1,13) - 14( 0,14) 0 A 2vy [ 68043]
24178.40 (0.10) 14( 1,13) - 14( 0,14) 0 E 2v [ 68043]
24279.38 (0.10) 14( 1,13) - 14( 0,14) [ 68043]
24461.32 (0.10) (L3 - 21,2 1 A [ 68043]
24461.46 (0.10) 3(1,3) - 21,2 1 E [ 68043]1
24487.28 (0.10) (1,3 - 21,2 { 68043]
2463540 ( 0.10) 300 3 - 20 2 [ 68043]
24638.82 (0.10) 3(2,2) - 22, 1) [ 68043]
24640.00 (0.10) 3(2,1) - 220 [ 68043]
24755.84 (0.10) 3(1,2 - 2L 1D 1 A [ 68043]
24755.88 (010) 3(1L,2 - 2L 1D 1 E [ 68043]
24787.28 (0.10) 31,2 - 2L D [ 68043}
25065.28 (0.10) 15( 1,14) - 15( 0,15) 0 AE v, [ 68043]
25087.42 (0.10) 15( 1,14) - 15( 0,15) 0 A 2v [ 68043]
25088.60 (0.10) 15( 1,14) - 15( 0,15) 0 E 2y, [ 68043]
25201.76 (010) 15( 1,14) - 15( 0,15) [ 68043]
26713.84 (0.10) 1(1,00 - 00, 0) [ 68043}
32648.84 (0.10) L4 - 3(L3I [ 68043]
32845.10 (010) 40,4 - 3003 [ 68043]
32851.26 (0.10) 42,3 - 3022 [ 68043]
32854.16 (0.10) 402,2) - 320 [ 68043)
33048.66 (0.10) 41,3 - 3(1L2 [ 68043]
34726.46 (0.10) 2(1,2 - 1O 1) [ 68043]
s-“CH,CHCH,CH, 23853.35 (0.10) 3(1,3) - 21,2 { 79033]
23990.28 (0.10) 3(0,3 - 20,2 [ 79033]
23993.38 (0.10) 3(2,2) - 221 [ 79033]
23994.58 (0.10) (2, 1) - 2020 [ 79033]
24130.42 (0.10) 3(1,2) - 21,01 [ 79033]
31803.64 (010) 41,4 - 3(1L3 [ 79033)
31985.14 (0.10) 40 4 - 300 3 [ 79033]
31990.41 (0.10) 402,3) - 3022 [ 79033}
31993.88 (010) 402,2) - 321 [ 79033]
32173.18 (0.10) 41,3 - 3(L12D [ 79033]
39753.19 (0.10) 5(01,5 - 41,49 [ 79033)]
39987.00 (0.10) 5(2, 4 - 423 [ 79033]
39992.20 (010) 5(3,2 - 43,1 [ 79033]
39993.88 (0.10) 5(4, 1) - 4(4,0 [ 79033]
39996.34 (010) 52,3 - 42,2 [ 79033]
5-CH,CHCH,;'"*CH; 24029.00 (0.10) 30,3 - 2002 [ 79033]
31846.12 (0.10) 41,4 - 3013 [ 79033]
32042.39 (0.10) 42,3 - 322 [ 79033}
32046.07 (0.10) 403, 1) - 330 [ 79033]
32046.30 (0.10) 4(2,2) - 3(2, 1 [ 79033]
32234.37 (0.10) 41,3 - 31,2 [ 79033]
39806.18 (010) S(L5 - 41,49 [ 79033]
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TABLE 26.5. Microwave spectrum of 1-butene — Continued C.Hs
Isotopic Frequency  Unc. JEK ,Kp) - J'EK_,Ki) o Sym. Vib. Ref.
species (MHz) (MHz) state
40051.75 ( 0.10) 5(2, 4 - 42, 3) [ 79033]
40057.27 ( 0.10) 5(3,2) - 403, 1 [ 79033}
40059.75 (0.10) 5(2,3 - 422 [ 79033]
40061.45 (0.10) 5(4,1) - 44,0 [ 79033]
s-CD,CDCD,CD; 19464.66  ( 0.10) (L3 - ALY [ 79033}
19600.62 ( 0.10) 3(0,3 - 20,2 [ 79033]
19603.49  ( 0.10) 3(2,2 - 22,1 [ 79033]
19605.74  ( 0.10 ) 3(2, 1) - 22,0 [ 79033]
19740.73 (0.10) ' (LYY - 2L 1D [ 79033]
2595190 ( 0.10) 41L4 - 31,3 [ 79033]
26137.30  ( 0.10) 402,3) - 3022 [ 79033]
26139.77 (0.10) 43, 1) - 3030 [ 79033)
26139.77  (0.10) 4(3,2) - 3031 [ 79033]
2614296 ( 0.10) 42,2 - 30201 [ 79033]
26320.14 ( 0.10) 41,3 - 31,2 [ 79033]
32438.35 (0.10) (1,5 - 41, 4 [ 79033]
32659.39 (0.10) 50,5 - 4(0, 4 [ 79033]
32670.52  (0.10) 5(2,4 - 423 [ 79033]
3267486 ( 0.10) 5(03,3)) - 43,2 [ 79033]
3267486  ( 0.10) 5032 - 431 [ 79033]
3267577  ( 0.10) 5(4,2) - 4(4,1) [ 79033]
3267577  (0.10) 5(4 1) - 4(4,0 [ 79033]
3268192 (0.10) 5(2,3 - 422 [ 79033]
32898.79 (0.10) 5(L,4) - 41,3 [ 79033}
38923.76 ( 0.10) 6(1,6) - 51,5) [ 79033]
39203.02 (0.10) 6(2,5 - 52 4 [ 79033]
39210.08 (010) 6(3,4 - 5373 [ 79033]
3921008 ( 0.10) 6(3,3 - 532 [ 79033]
3921077 ( 0.10) 6(4,2) - 504,10 [ 79033]
3921077 (0.10) 6(4, 3 - 54,2 [ 79033]
39212.73 (0.10) 6(52 - 551 [ 79033]
39212.73 (0.10) 6(5 1) - 550 [ 79033]
39222.98 (010) 6(2, 4 - 5023 [ 79033]
39476.48 (0.10) 6(1,5 - 51,4 [ 79033]
5-CD,;CHCD,CD; 3278160 (0.10) . 5(0L5S) - 41,4 [ 79033]
3633590 (0.10) 6(1,6) - 51,5 [ 79033]
3989620 ( 0.10) 6(1,5 - 51,4 [ 79033]
s-CD,CHCH,CH;, 22389.78 (010) 3(L,3) - 21,2 [ 80033]
2251522 (0.10) 3(0,3) - 20,2 [ 80033]
22517.80 ( 0.10) 3022 - 22,0 [ 80033]
22518.85 (0.10) 3(2, 1) - 2020 [ 80033]
2264326  ( 0.10) 3(0L2) - 21,1 [ 80033]
29852.23 (0.10) 4L, 4 - 313 [ 80033]
30018.38 ( 0.10) 40,4 - 300 3 [ 80033]
30023.02 (0.10) 42,3 - 302 2 [ 80033]
30026.05 (0.10) 402,2) - 302 1) [ 80033]
30026.05 (0.10) 43, 1D - 3030 [ 80033]
3019042  ( 0.10) 41,3 - 31,2 [ 80033]
3731402 (0.10) 5(0L,5 - 41,4 [ 80033]
3752002 (0.10) 5(0,5 - 40, 4 [ 80033}
37527.81 (0.10) 502,49 - 423 [ 80033]
3753270 ( 0.10) 503,3) - 4(3,2 [ 80033]
3753270 ( 0.10) 5(3,2) - 43,1 [ 80033]
3753409 (0.10) 5(2,3 - 4022 [ 80033])
3753564 (0.10) 5(4,1) - 440 [ 80033]
37737.01 (010) 5L, 4 - 41,3 [ 80033]
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Table 27.1. Molecular constants for cis-2-butene in the ground state.

Parameter CH ;CHCHCH 4 Parameter CH3CHCHCH 4
Reference [70067] [68049]
Rotational Constants
A;A; State Rigid Rotor A;A, State

A (MHz) 16086.12 A (MH2) 16059.61 16085.76

B (MHz) 5144.33 B (MHz) 5139.15 5144.61

Cc (MHz) 4087.93 ¢ (MHz) 4088.16 4088.16
Internal Rotation Constants

I, (u A?) 3.130 I, (ul?) 3.1942

A, 0.5850(12) ] 35.0°2

Ap 0.8111(9) a 0.058199P

r 0.94504

q 0.0131 B 0.026598b

s 20.39(11) s 20.332

F (GHz) 170.937 F (GHz) 167.54

Vy (em™%) 261,7(14) Vy (em™?2) 255.8
Electric Dipole Moment

up (D) 0.253(5) Hp (D) 0.257(10)
2Assumed.

The values are defined as a = (Ia/Ia) sin®, B = (I,/I}) cosé.

Comments: The 716-797 transition reported at 31829.11 MHz deviates
by about 3 MHz in the analysis and was not fit.
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Table 27.2. Molecular constants for sym-CH,DCHCHCH,,
asy-CH,DCHCHCH, and CH,CDCDCH;. [70067}

Parameter sym-CH,DCHCHCH,  asy-CH,DCHCHCH;  CH,CDCDCH,
Value Value Value

Rotational Constants

A-C (A,) (MHz) 11040.37 11681.12 10033.99

B-C (A,) (MHz) 1101.06 938.69 1155.42

A-C (4,) (MHZ) 11672.24

B-C (A,) (MHz) 937.77

Internal Rotation Constants?

Aa 0.5538(16) 0.5684(28) 0.5883(54)

Ap 0.8259(12) 0.8228(20)P 0.8086(39)

Iy (u A?) 3.130 3.130 3.130

r 0.94904 0.94823 0.95002

F (GHz) 170.184 170.329 170.026

s 20.42(2) 20.66(4) 20.96(7)

V, (ecm™)  260.9(3) 264.2(5) 267.6(9)

4Values with no uncertainties are calculated.
bA value for A, = 0.0034 was included.
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Table 27.3. Molecular constants for CH;CDCHCH,. [70067]

Parameter Value

Rotational Constants

A-C (A,A,) (MHz) 10942.28
B-C (A,A,) (MHz) 1107.63

Internal Rotation Constants?

A, State A, State
Ay -0.5700(164) 0.6118(124)
Ap 0.8216(114) 0.7910(96)
I, (u A?) 3.130 3.130
r 0.94883 0.94883
q 0.01178 0.01178
F (GHz) 170.248 170.789
s 20.68(11) 20.61(11)
x -0.01245
Vv, (em-?) 264.4(14) 264.4(14)

8Values without uncertainties are calculated.

Table 27.4. Molecular constants for dg and dg
cis-2-butene. [79039)

Parameter CD,CDCDCD, CD ;CHCHCD,

Rotational Constants

A (MHz) 11136.1(3) 12684.2(2)
B (MHz) 3997.05(14) 4008.11(4)
Cc (MHz) 3170.96(11) 3346.45(4)

Internal Rotation Constants

I, (u A2) 5.83(20) 5.98(20)
8 54.08(12) 54.27(1)
s 40.34(10) 39.31(8)
vy (em-1) 284.(11) 272.(11)
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TaBLE 27.5. Microwave spectrum of cis-2-butene CH;
Isotopic Frequency Unc. J(K_ K1) - J'(K_,K40) Sym. Ref.
species (MHz) (MHz)
¢-CH;CHCHCH, 20014.47 (020) (L, 1) - 00, 0 EA [ 68049]
20122.01 (020) (L, 1) - 0(0, 0 EE [ 68049]
20134.69 (0.20) 1I(1, 1) - 0(0, 0) AE [ 68049]
20173.92 (020) I(L D) - 00,0 AA [ 68049]
21165.48 (020) 5(1,4 - 5005 EA [ 68049}
21172.39 (0.20) 5(1,4 - 500, 5) AE { 68049]
21219.83 (020) 51,4 - 5095 EE [ 68049]
21270.86 (020) 5(1,4 - 50, 5) AA [ 68049]
25858.50 (020) 6( 1,5 - 6(0, 6) EA [ 68049]
25862.39 (020) 6(1,5 - 6(0 6 AE [ 68049]
25932.77 (020) 6( 1,5 - 6(0, 6) EE [ 68049]
26005.44 (020) 6(1,5 - 6(0 6 AA [ 68049]
27582.30 (020) 40,4 - 3(L I AE [ 68049]
27600.71 (020) 440, 4 - 3(1,3 EE [ 68049]
27602.95 (0.20) 40,4 - (LYY AA [ 68049]
28266.51 (020) 21,2 - 1(0, D EA [ 68049]
28312.13 (0.20) 21,2 - 101D AE [ 68049]
28319.44 (0.20) 2(1,2 - 10,1 EE [ 68049]
28349.99 (0.20) 21,2 - 1(O 1 AA [ 68049]
28597.98 (0.20) 6(2,4) - 61,5 AE [ 68049]
28653.75 (020) 6(2,4) - 61,5 EE [ 68049]
28666.47 (020) 6(2,4) - 61,95 AA [ 68049]
28682.92 (020) 6(2,4) - 61,5 EA4 [ 68049]
28759.36 (020) 72,5 - 11,6 AE [ 68049]
28791.23 (020) (2,5 - 1,6 EA [ 68049]
28803.35 (020) (2,5 - 71,6 EE [ 68049]
28831.34 (020) (2,5 - 71,6 AA [ 68049]
29181.21 (0.20) 5(2,3 - 51,4 AE [ 68049]
29254.17 (020) 502,33 - 51,49 AA [ 68049]
29266.37 (020) 5(2,3 - 51,4 EE [ 68049]
29865.88 (0.20) 82,6 - 8L AE [ 68049]
29869.14 (020) 8(2,6) - 81,7 EA [ 68049}
29910.23 (0.20) 8(2,6 - 81,7 EE [ 68049]
29952.96 (020) 82,6 - 81,7 AA [ 68049]
30342.23 (020) 4(2,2) - 41,3 AA [ 68049]
30411.56 (020) 402, 2 - 41,3 EE [ 68049]
31629.61 (020) 7(1,6) - 70, D AE [ 68049]
31634.78 (020) (L6 - 70, D EA [ 68049]
31648.00 (020) 32, 1) - 31,2 AA [ 68049]
31728.18 (020) (1,6) - 70,7 EE [ 68049]
31814.98 (020) 3(2, ) -~ 31,2 EE [ 68049]
31829.11 (0.20) (L6 - 70,7 AA [ 680491
32063.74 (020) 92,7 - 91,8 EA [ 68049]
32074.22 (0.20) 92,7 - 9L 8 AE [ 68049]
32130.20 (020) 92,7 - 91,78 EE [ 68049]
32191.72 (020) 92,7 - 91,38 AA [ 68049]
32896.24 (020) 2(2,0 - 2L D AA [ 68049]
33185.83 (020) 202,00 - 2L 1 EE [ 68049]
35488.26 (020) 1002, 8 - 10(1,9 EA [ 68049]
35502.09 (020) 1002, 8 - 10(1,9 AE [ 68049]
35580.12 (020) 100 2,8 - 10(1,9 EE [ 68049]
35665.47 (020) 1002, 8 - 10(1,9) AA [ 68049]
35970.58 (020) (L3 - 20,2 EA [ 68049]
35994.96 (020) (L3 - 20,2 AE [ 68049]
36004.04 (020) (L3 - 20,2 EE [ 68049]
36026.46 (020) 31,3 - 20,2 AA [ 68049]
37711.74 (020) 5(0,5 - 41,4 EE [ 68049]
37720.95 (020) 5(0,5 -~ 41,4 AA [ 68049]
38364.38 (020) 81,7 - 8(0 8 AE [ 68049]
38493.01 (020) 81,7 - 8(0 8 EE [ 68049]
sym-CH,DCHCHCH;, 26149.00 (020) 6(2,4) - 61,5 E [ 70067]
26162.34 (020) 6(2,4) - 6(1,5 A [ 70067]
26710.08 (020) (25 - 71,6 E [ 70067]
26737.00 (020) 725 - 71,6 A, [ 70067]
28355.88 (020) 8(2,6) - 81,7 E [ 70067]
28398.54 (020) 8(26) - 81,7 A, [ 70067]
31237.86 (020) 92,7 - 91,38 E [ 70067]
31301.40 (020) 92,7 - 91,8 A [ 700671
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TABLE 27.5. Microwave spectrum of cis-2-butene — Continued CsHy
Isotopic Frequency Unec. J(K_\,K,) J(K_,K1) Sym. Ref.
species (MHz) (MHz)
asy-CH,DCHCHCH; 28010.06 (0.20) 7( 2, 5) 7( 1, 6) E [ 70067}
28030.08 (020) (29 (1, 6) A, [ 70067]
28031.04 (020) 72, %) (1, 6) E [ 70067]
28051.38 (020) 7( 2, 5) 7( 1, 6) A [ 70067]
28118.60.  ( 0.20 ) 6( 2, 4) 6( 1, 5) E [ 700671
28124.20 (0.20) 6( 2 4) 6( 1, 5) A, [ 70067]
28138.72 (020 ) 6( 2, 4) 6( 1, 5) E [ 70067]
2814526  ( 0.20 ) 6( 2, 4) 6( 1, 5) A; [ 70067]
28695.36 (020) 8( 2, 6) 81, 7) E [ 70067]
28718.68  ( 0.20 ) 8( 2, 6) 8( 1, 7) E [ 70067]
28728.14  ( 0.20 ) 8( 2, 6) 8( 1, 7) A, [ 70067]
28751.68 (0.20) 8( 2 6) 8 1,7 A [ 70067]
30318.50 (020) 927 9( 1, 8) E [ 70067]
30346.10 (020) 927 9 1, 8) E [ 700671
30366.92 (020) 92,7 9( 1, 8) A [ 70067]
30394.52 (020) 92,7 9( 1, 8) A [ 70067]
32993.72 (020) 10( 2, 8) 10( 1, 9) E [ 70067]
33026.84 (020) 10( 2, 8) 10( 1, 9) E [ 70067}
33061.90 (0.20) 10( 2, 8) 10( 1, 9) A> [ 70067]
3309524  ( 0.20 ) 10 2, 8) 10( 1, 9) A [ 70067]
¢-CH;CDCHCH,; 25894.22 (020) 6( 2, 4) 6( 1, 5) E, [ 70067]
25898.28  ( 0.20 ) 6( 2, 4) 6( 1, 5) E, [ 70067]
25911.20 (020) 6( 2, 4) 6( 1, 5) A [ 70067]
26184.52 (0.20) 52,3 5( 1, 4) A [ 70067]
26185.86  ( 0.20 ) 5( 2, 3) 501, 4) E [ 70067]
2618728  ( 0.20) 52, 3) 5( 1, 4) E» [ 70067]
26476.60 (020) 7( 2, 5) 7( 1, 6) Ea [ 70067]
26489.14 (020) 72,5 (1, 6) Es [ 70067]
26513.04 (020) 72,5 7( 1, 6) E: [ 70067]
26508.78  ( 0.20 ) 2, 5) 71, 6) En [ 70067]
26539.20 (020) 7( 2, 5) 7( 1, 6) Al [ 70067]
28182.36 (020) 8( 2, 6) 8 1,7 Es [ 70067]
28187.60  ( 0.20 ) 8( 2, 6) 8(1, 7 Es [ 70067}
28225.90 (020) 8( 2, 6 8 1,7 E, [ 70067]
28229.18 (0.20) 8( 2, 6) 81, 7) E: [ 70067]
28270.52 (020) 8( 2, 6 81,7 Al [ 70067]
31129.54  ( 0.20) 92, 7) 9( 1, 8) Es [ 70067
31140.68 (020) 92,7 9( 1, 8) Es [ 70067]
31196.14  ( 0.20 ) 92,7 9( 1, 8) E: [ 70067)
31197.76 (020) 92,7 9 1, 8) E: [ 70067]
31259.06 (020) 92,7 9( 1, 8) A [ 70067]
¢-CH;CDCDCH; 23584.76 (020) 52,3 51 4 AE [ 70067]
23626.24 (020) 5(2,3) 5( 1, 4) EE [ 70067]
23629.56 (020) 52,3 5( 1, 4) AA [ 70067]
23653.98 (020) 6( 2, 4) 6( 1, 5) AE [ 70067]
23659.86  ( 0.20 ) 5( 2, 3) 5( 1, 4) EA { 70067]
23679.92 (020) 6( 2, 4) 5( 1, 5) EA [ 70067]
23683.20 (020) 6( 2, 4) 5(1,5) EE [ 70067]
23699.60 (020) 6( 2, 4 5(1, 9 AA [ 700671
24754.92 (020) 7( 2, 5) 7 1, 6) AE [ 70067]
24756.76 (020) 7( 2, 5 7( 1, 6) EA [ 70067]
24783.72 (020) 7( 2, 5) 7( 1, 6) EE [ 70067]
24811.86 (020) 7( 2, 5) (1, 6) AA [ 70067]
27076.08 (020) 8( 2, 6) 8L 7 EA [ 70067]
27084.30 (020) 8( 2, 6) 81, 7 AE [ 700671
27123.02 (020) 8( 2, 6) 8(1,7) EE [ 70067]
27166.12 (020) 8( 2, 6) 8 1, 7) AA [ 70067]
30769.50 (020) 92,7 9 1, 8) EA [ 70067]
30778.20 (020) 927 9 1, 8) AE [ 70067]
30836.28 (020) 9 2,7 9( 1, 8) EE [ 70067]
30899.04 (020) 92,7 9 1, 8 AA [ 70067]
¢-CD;CHCHCD; 18977.98 (002) 6( 1, 5) 6( 0, 6) EA+AE [ 790391
18982.75  ( 0.02 ) 6( 1, 5) 6( 0, 6) EE [ 79039]
18987.52 (002) 6( 1, 5) 6( 0, 6) AA [ 79039]
22425.82 (002) 7( 2, 5 (1, 6) EA+AE [ 79039]
22428.39 (002) 72,5 1, 6) EE [ 79039]
22430.96 (002) 7( 2, 5) (1, 6) AA4 [ 79039]
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TABLE 27.5. Microwave spectrum of cis-2-butene — Continued C4H;
Isotopic Frequency Unc. J'K_1,Ky) - J"(K_1.K41) Sym. Ref.
species (MHz) (MHz)
22523.63 (0.02) 6(2,4 - 6(1,5 EA+AE [ 79039]
2252590 (002) 6(2,4) - 61,5 EE [ 79039)
22528.17  ( 0.02) 6(2, 4 - 61,5 AA [ 79039]
22948.10 ( 0.02) 8(2,6) - 8(1,7 EA+AE [ 79039]
22951.22 ( 0.02) 8(2,6) - 81L,7 EE [ 79039]
2295428 ( 0.02) 826 - 81,7 AA [ 790391
26300.16 ( 0.02) 1002, 8 - 10(1,9 EA+AE [ 79039]
26305.34 (002) 10( 2,8 - 10(1,9) EE [ 79039]
2631050 ( 0.02) 10( 2,8 - 10(1,9) AA [ 79039]
3048030 (0.02) 5(0,5 - 41,4 EA+AE [ 79039]
30480.95 (0.02) 50,5 - 41,49 EE [ 79039]
30481.595 ( 0.020) 500,85 - 41,4 AA [ 79039]
34038.54 ( 0.02) 13( 3,10) - 13( 2,11) AA [ 79039]
3404124  (0.02) 13( 3,10) - 13( 2,11) EE [ 79039]
34043.84 (002) 13( 3,100 - 13( 2,11) AA [ 79039]
34662.04 (002) 14( 3,11) - 14( 2,12) EA+AE [ 79039]
34665.68  ( 0.02) 14( 3,11) - 14( 2,12) EE [ 79039]
34669.38  ( 0.02) 14( 3,11) - 14( 2,12) AA [ 79039]
35110.25 (0.02) 41,4 - 300, 3 EA+AE [ 79039]
35111.255 ( 0.020) 41,4 -~ 300 3 EE [ 79039]
3511220 (0.02) 41,4 - 3003 AA [ 79039]
38508.14  ( 0.02) 6(0,6) - 51,5 EA+AE [ 79039]
38509.02 ( 0.02) 6(0,6 - 5(1,5) EE [ 79039]
3851000 (0.02) 6(0,6) - 51,5 AA4 [ 79039]
¢-CD;CDCDCD; 18842.08 (002) 6(2,4 - 61,5 EA+AE [ 79039]
18843.72  ( 0.02) 6(2, 4 - 61,5 EE [ 79039}
18845.36  ( 0.02) 6(2,4) - 61,5 AA [ 79039]
18998.52  ( 0.02) 5(2,3) - 5(1,4 EA+AE [ 79039]
18999.95  ( 0.02) 5(2,3 - 51,4 EE [ 79039]
19001.39  ( 0.02) 5(2,3 - 51,4 AA [ 790391
19371.04 ( 0.02) 72,5 - 71, 6) EA+AE [ 79039]
19373.13 ( 0.02) 7025 - 71,6 EE [ 79039]
19375.19  ( 0.02) 72,5 - 71,6 AA [ 79039]
23049.56 (0.02) 92,7 - 91,8 EA+AE [ 79039]
2305328 ( 0.02) 92,7 - 9178 EE [ 79039]
2305696 ( 0.02) 92,7 - 9138 AA [ 79039]
3036450 (0.02) 5(0,5 - 41,9 EE [ 79039]
3045023  ( 0.02) 13( 3,10) - 13( 2,11) EA+AE [ 79039]
3045378  ( 0.02) 13( 3,10) - 13( 2,11) EE [ 79039]
30457.31 (002) 13( 3,100 - 13( 2,11) AA [ 79039]
3226100 ( 0.02) 41,4 - 3003 EE [ 79039]
33039.96 (002) 14( 3,11) - 14( 2,12) EA+AE [ 79039]
3304476  ( 0.02) 14( 3,11) - 14( 2,12) EE [ 79039]
33049.58  (0.02) 14( 3,11) - 14( 2,12) AA [ 79039]
37752.00 (0.02) 16( 4,12) - 16( 3,13) EA+AE [ 79039]
3775320  (002) 16( 4,12) - 16( 3,13) EE [ 79039]
3775446  ( 0.02) 16( 4,12) - 16( 3,13) AA [ 79039]
3787000  ( 0.02) 6(0,6 - 51,5 EE [ 79039]
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Table 28.1. Molecular constants for isobutylene Table 28.2. Rotational analysis of
(2-methyl propene) in the ground and isobutylene AA state from
torsionally excited states. the present study.

(CH4) ,C=CH, Parameter AA State

Parameter Ground v =1, vg = 1,

State State State

A" (MHz) 9133.392(35)
Rotational constants® [75058] B" (MHz) 8381.846(35)
A (MHz) 9133.31(3) 9132.01(3) 9140.61(3) c" (MHz) 4615.966(35)
B (MHz) 8381.80(3) 8369.09(3) 8353.22(3) T (MHz) -0.021(25)
c (MHz) 4615.97(2) 4613,46(2) 4613.41(2) T, (MHz) -0.0054(84)
Ayg (kHz) -16.70(7) .2 (MHz) 0.60(25)
Ay (kHz) 7.88(46) Taaga (MHz) -0.028(8)
&3 (Hz) -65.3(30) Tpppp (MHZ) -0.029(8)
8g  (kHz) -19.385(48) Tecce (MHZ) 0.0041(85)

Internal Rotation Constants [75058]

8The value of 1, is fixed by setting

I, (ui?) 3.18(1) 3.18P Re = 0.
8 58.21(6)° 58.21b

vV, (em™1) 759.8(32) 767.9(35)

V!, (em™1) -74.(11)

Ay (MHz) -9.659(58)

p 0.05620(20)

g (rad) 0.5172(12)

Electric Dipole Moment [61014]

ny (D) 0.503(9)

3Representation IIIY was used for AA state.
alues fixed.

Table 28.3. Rotational constants for deuterated and *3C
isotopic species of isobutylene.

Species A (MHz) B (MHz) C (MHz) Reference
s-CH,DCH,CCH, 9132.59 7788.98 4431.05 [61014]
a-CH,DCH,CCH,  8819.46  7981.08  4469.59 [61014]
(CH, ) ,CCHD 8693.49  8114.67  4422.67 [63027]
(CH,),C3CH, 8810.08  8381.73  4531.84 [63027]
CH, ' 3CH,CCH, 9074.31  8149.00  4529.72 [63027]
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TABLE 28.4. Microwave spectrum of isobutylene — Continued C,Hg
Isotopic Frequency Unc. J(K_,Ki1) - J"(K_,Ke) mivg Sym. Vib. Ref.
species (MHz) (MHz) state
22128.05 (010) 200,2) - (LD [ 61014]
22320.86 (0.10) 6(5 2 - 64,3 [ 61014]
22976.59 (0.10) 10( 7, 3) - 10( 6, 4) [ 61014]
22981.28 (010) 2(1,2 - 1(0, 1) [ 61014]
23490.64  ( 0.10) 7(6,2) - 7(5,3) [ 61014]
23524.30 (0.10) (7, 1) - 76 2 AE+EA [ 61014)
23524.94 (0.10) (7, 1) - 7062 EE [ 61014]
23525.58 (0.10) (7, 1) - 76 2 AA [ 61014]
23993911 ( 0.030) 88 0 - 871 AE [ 75058]
23994.287 ( 0.030) 8(8 0 - 87,1 EA [ 75058]
23994.821 ( 0.030) 8(8 0 - 8 7,1 EE [ 75058]
23995.551  ( 0.030) 880 - 87,1 AA [ 75058]
24638.80 ( 0.10) 96,3 - 95 4 [ 61014]
26574.382  ( 0.030) 8(8 1) - 872 EA [ 75058]
26574.774  ( 0.030) 8(8 1) - 872 AE [ 75058]
26575.365 ( 0.030) 88 1) - 872 EE [ 75058]
26576.146  ( 0.030) 8(8 1) - 872 AA [ 75058]
28121.48 (0.10) 6(3,3) - 62 4 [ 61014]
28219.237  ( 0.030) 99,00 - 98 1) AE [ 75058]
28220.382  ( 0.030) 99,00 - 98 1) EE [ 75058]
28221.066 ( 0.030) 99,00 - 98 1) AA [ 75058]
28330.145 ( 0.030) 99,00 - 98 1) EA [ 75058]
28557.285 ( 0.10) 52,3 - 51,4 [ 61014]
28759.698 ( 0.10) 402,3) - 4L, 4 ArA, v, [ 75058]
28765930 ( 0.10) 42,3 - 41,49 EE v, [ 75058]
28771.06 (0.10) 41,3 - 40,9 [ 61014]
28772171 ( 0.10) 41,3 - 40, 4 A, E+EA v, [ 75058]
28775.67 (0.10) 6(4,3 - 6(3, 4 [ 61014]
28794.628 ( 0.030) 42,3 - 41,49 AA, 1v; [ 75058]
28799.251 ( 0.030) 42,3 - 41,4 EE v, [ 75058]
28803.859 ( 0.030) 42,3 - 41, 4 A E+EA, v, [ 75058]
28830.61 (0.10) 42,3 - 41,9 [ 61014]
28851.31 (0.10) (53 - 449 [ 61014]
29089.07 (010) 8(6,3) - 85 4 [ 61014]
29851.100 ( 0.030) 99, 1) - 98,2 EA [ 75058])
29852.000 ( 0.030) 99, 1) - 98,2 AE [ 75058]
29852.580 ( 0.030) 99, 1) - 98,2 EE [ 75058])
29853.583  ( 0.030) 99,1 - 98 2) AA [ 75058]
29908.76  ( 0.10 ) 1412, 2) - 14(11, 3) AE +EA [ 61014)
29909.89 (0.10) 14(12, 2) - 14(11, 3) EE [ 61014]
29910.98 (0.10) 14012, 2) - 14(11, 3) AA [ 61014]
31768.96 (0.10) 30,3 - 212 [ 61014]
31879.31 (0.10) 3(1L3) - 20,2 [ 61014]
31932.784  ( 0.030) 12111, 1) - 12(10, 2) AE [ 75058]
31933.042  ( 0.030) 12(11, 1) - 12(10, 2) EA [ 75058]
31933.956  ( 0.030) 12(11, 1) - 12(10, 2) EE [ 75058]
31934.994 ( 0.030) 1211, 1) - 12710, 2) AA [ 75058]
31937.872  ( 0.030) 17(14, 3) - 17(13, 4 AE +EA [ 75058]
31938.959  ( 0.030) 1714, 3) - 1713, 4) EE [ 75058]
31940.047 ( 0.030) 17(14, 3) - 17(13, 4 AA [ 75058]
32015.95 (0.10) 202, - L0 [ 61014]
33291.123  ( 0.030) 10010, 1) - 10( 9, 2) EA [ 75058]
33293.126  ( 0.030) 10(10, 1) - 10( 9, 2) AE [ 75058]
33293.497 ( 0.030) 10(10, 1) - 10( 9, 2) EE [ 75058]
33294910 ( 0.030) 10010, 1) - 10( 9, 2) AA [ 75058}
sym-CH,DCH;CCH;, 18852.70 (0.10) 3(1,2) - 30,3 [ 61014)
20334.26 (0.10) 3(2,2) - 31,3 [ 61014]
20752.87 (0.10) 200,2) - (LD [ 61014]
22425.74 (0.10) 20L2 - (O D [ 61014]
30377.99 (010) 3(0,3) - 21,2 [ 61014]
30759.55 (0.10) 3(L3) - 20,2 [ 61014]
31828.82 (0.10) 202, 1) - 1(1,0 { 61014]
asy-CH,DCH;CCH, 18347.00 (0.10) 402,2) - 41,3 [ 61014]
19730.99 (010) 3(2,2) - 3143 [ 61014]
20065.05  ( 0.10 ) 43,2 - 42 3) [ 61014]
21256.85 (0.10) 200, 1) - (LD [ 61014]
22228.22 (0.10) 21,2 - 1(0, 1) [ 61014]
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TaBLE 28.4. Microwave spectrum of isobutylene CiHg
Isotopic Frequency Unc. J(K_,K1) JUK_,K ) v Sym. Vib. Ref.
species (MHz) (MHz) state
(CH3),CCH, 9016.803 ( 0.030) 4( 4, 0) 43, 1) AE +EA [ 75058}
9017.080  ( 0.030) 4( 4, 0) 43, 1) EE [ 75058]
9017.356  ( 0.030) 4( 4, 0) 43, 1) AA [ 75058])
10658.393  ( 0.030) (2, D (1,2 AyA, 1v, [ 75058]
10659.734  ( 0.030) 32, D (1,2 EE lv, [ 75058]
10660.932  ( 0.030) (2, nH 3(L,2) AE v, [ 75058]
10661.227  ( 0.030) 3(2, 1) 3(1,2) EA, v, [ 75058]
10704.889  ( 0.030) 3(2, 1) 3(1,2) A4, 1v, [ 75058}
10705.844  ( 0.030) 3(2, 1) 31, 2) EE 1y, [ 75058]
10706.846  ( 0.030) 3(2, 1) (1,2 A4 E+EA, v, [ 75058]
11331.276  ( 0.030) 21, 1) 200, 2) A4, v, [ 75058]
11332.948  ( 0.030) 21,1 200, 2) EE 1v, [ 75058}
11334.640  ( 0.030) 201, 1) 2( 0,2 A E+FA4, 1v, [ 75058]
11371.830  ( 0.030) 21, 1) 200, 2) A4, 1v, [ 75058]
11373.090 ( 0.030) 2L D 2(0,2) EE 1vy [ 75058]
11374.192  ( 0.030) 201, D 200, 2) A E+EA,) v [ 75058]
11994.512  ( 0.030) 55, 0) 504, 1) AE +EA [ 75058]
11994.926 ( 0.030) 55, 0) 5(4, 1 EE [ 75058}
11995.316  ( 0.030) 55,0 504, 1) AA [ 75058]
12771.162  ( 0.030) (6, 1) 75, 2) AE + EA [ 75058]
12771.509  ( 0.030) (6, 1) (5, 2) EE [ 75058]
12771.852  ( 0.030) 6, 1) (5, 2) AA [ 75058)
13555.767  ( 0.030) 22,0 2(1,2 A4, v, [ 75058]
13558.812  ( 0.030) 22, 1) 21,2 EE v, [ 75058]
13561.588  ( 0.030) 202, 1) 21,2 EA, v, [ 75058]
13562.053  ( 0.030) 202, 1) 21,2 AE v, [ 75058])
13581.727 ( 0.030) 2(2, 1) 201, 2) A4, v, [ 75058]
13585.767  ( 0.030) 202, 1) 2( 1,2 EE v, [ 75058]
13589.411  ( 0.030) 2(2, 1) 2(1,2 EA, 1v, [ 75058])
13590.397 ( 0.030) 202, 1) 2(1,2) AE 1v, [ 75058]
13745.462 ( 0.030) (L 1) 0( 0, 0) A1A2 1v [ 75058]
13746.535 ( 0.030) (L0 0( 0, 0) EE 1y, [ 75058]
13747.575  ( 0.030) (L 0( 0, 0) A E +EA, v, [ 75058]
13754.019  ( 0.030) (L 0( 0, 0) A4, v, [ 75058]
13755.377  ( 0.030) (L 0( 0, 0) EE v, [ 75058]
13756.602  ( 0.030) (L 0( 0, 0) EA, v, [ 75058]
15320412 ( 0.030) 8( 7, 1) 8( 6, 2) AE +EA [ 75058]
15320930 ( 0.030) 87, 1) 8( 6, 2) EE [ 75058]
15321.466  ( 0.030) 8( 7, 1) 8( 6, 2) AA [ 75058)
15646.492  ( 0.030) 6( 6, 0) 6(5, 1 AE +EA [ 75058]
15647.046  ( 0.030) 6( 6, 0) 6( s, 1) EE [ 75058]
15647.607  ( 0.030) 6( 6, 0) 6( 5, 1) AA [ 75058)
18358.45 (0.10) 55 1) 5( 4, 2) [ 61014]
18473.09  ( 0.10) 11( 9, 2) 11( 8, 3) EE [ 61014]
18473.73 (0.10) 11( 9, 2) 11( 8, 3) AA [ 61014]
1870370  ( 0.10 ) 53,2 502, 3) [ 61014}
18746.62 (0.10) 98 1) 972 AE +EA [ 61014]
18747.34 (0.10) 98 1) 9( 7,2 EE [ 61014]
18748.06 (0.10) 98 1) 97,2 EE [ 61014]
18748.06 (0.10) 981 9 7,2 AA [ 61014]
19669.25 (0.10) 42,2 4 1, 3) [ 61014]
19736.00 (0.10) 7( 7, 0) 7( 6, 1) AE +EA [ 61014]
19736.70 (0.10) 7( 7, 0) 76 1) EE [ 61014}
20202.223  ( 0.030) (1,2 30,3 EE 1v, [ 75058]
20198.505  ( 0.030) (1L, 2) 300, %) A4, v, [ 75058]
20205970  ( 0.030) (L2 3(0, 3 Ay E+EA, v, [ 75058}
20244.318  ( 0.030) (1,2 3(0, 3 AA, v [ 75058]
20247.070  ( 0.030) (1,2 300, EE 1y, [ 75058]
20249.838  ( 0.030) (1,2 3(0,3) A E+EA,; v, [ 75058]
20279.79 (0.10) L2 3(0, 3 [ 61014]
2076521  ( 0.10) 6( 6, 1) 6( 5, 2) AE 4 EA [ 61014]
20766.70 (0.10) 6( 6, 1) 6( 5, 2) EE [ 61014]
20767.23 (0.10) 6( 6, 1) 6( 5, 2) AA [ 61014]
20767.71 (0.10) 32,2 (LY : [ 61014]
21026.60  ( 0.10 ) 43,2 402, 3) [ 61014]
21448.58 (0.10) 12(10, 2) 12( 9, 3) AE +EA [ 61014]
21449.36  ( 0.10 ) 12(10, 2) 12¢ 9, 3) EE [ 61014]
21450.11 (0.10) 12(10, 2) 12( 9, 3) AA [ 61014]
21519.40 (0.10) 5 4, 2) 53 3) [ 61014]
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TABLE 28.4. Microwave spectrum of isobutylene — Continued C4H;y
Isotopic Frequency Unc. J'(K_1,K41) J'"(K_,K;1) v Sym. Vib. Ref.
species (MHz) (MHz) state

30657.22 (0.10) 30,3 2( 1,2 [ 61014]

30803.61 (0.10) (1 3) 2( 0, 2) [ 61014]

30927.96 (0.10) 2(2, 1) 1( 1, 0) [ 61014]

(CH;),CCDH 19944.54 (0.10) 3(1 2 (1, 3) [ 63027]
19639.41 (0.10) 3(1,2) 30 3) [ 63027]

21319.80 (0.10) 2(0, 2 (L1 [ 63027]

21961.51 (0.10) 2(1,2) 1(0, 1) [ 63027]

30475.68 (0.10) 3(0 3) 2( 1,2 [ 63027]

30503.15 (0.10) 221 1(1, 0 [ 63027]

30542.80 (0.10) (13 2( 0, 2 [ 63027]

BCH,(CH;)CCH, 13604.08 (0.10) (L n 0( 0, 0) [ 63027}
18905.09 (010) 4 2, 2) 4( 1, 3) [ 63027}

19764.88 (010) (12 30 3 [ 63027]

20889.82 (010) 4( 3,2 4( 2, 3) [ 63027]

21582.34 (0.10) 2( 0,2 (L [ 63027}

22663.50 (010) 2(1,2) 1(0, D [ 63027]

31153.16 (010) 30,3 2(1,2 [ 630271

31325.69 (0.10) 3L 3 200, 2) [ 63027]

31752.65 (010) 2(2, D (L0 [ 63027]

(CH,),C"CH, 13342.01 (010) (L1 0( 0, 0) [ 63027]
19947.74 (0.10) 42,2 4( 1, 3) [ 63027]

20174.97 (0.10) (1,2 3(0 3 [ 63027]

20340.93 (010) 32,2 (13 [ 63027]

20429.62 (0.10) 4( 3, 2) 4( 2, 3) [ 63027]

21943.47 (0.10) 2(0,2) (L1 [ 63027]

22405.60 (0.10) 2(1,2) (0, D [ 63027]

30962.08 (0.10) 2(2, 1) (1, 0 [ 63027]

31233.01 (0.10) 3(0 3) 2( 1,2 [ 63027]

31268.52 (0.10) 3( 1, 3 2(0,2 [ 63027]

Table 29.1. Molecular constants for
methylcyclopropane.
Parameter CH,CHCH,CH,
| E——

Rotational Constants

AV
B"
c"
Ty
T2
a

Ta

Taaaa

Tbbbb

Internal Rotation Barrier

(MHz)
(MHz)
(MHz)
(MHz)
(MHz)
(MHz)
(MHz)

(MHz)

15503.

6363.

5586.

-0.

-0.

-0.

V, (em™?)

Dipole Moments [68048]

uy (D)

ue (D)

1001.

0.

0.

225(33)
4072(78)
4839(69)

0077(53)

.0017(15)
.147(58)

112(41)

0028(6)

[68048]

(18)

097(1)

100(5)

8The value of 1, is fixed by setting

R, = 0.
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TABLE 29.2. Microwave spectrum of methylcyclopropane C.H;
Isotopic Frequency Unc. J(K_,K1) J"(K_,K+1) w  Sym. Ref.
species (MHz) (MHz)
CH,CH,CHCH; 11949.95  ( 0.05) 1( 0, 1) 0( 0, 0) 0 [ 68048]
16017.18  ( 0.05) 8(2, 7 81, 7 0 [ 68048]
20867.76  ( 0.05) 6( 2, 5) 6( 1, 5) 0 [ 68048]
21157.80  ( 0.05) 21( 4,18) 21( 3,18) 0 E [ 68048]
H,C—CH, 2115803  ( 0.05) 21( 4,18) - 21( 3,18) 0 4 [ 68048]
\/ 21868.57  (0.05) 1( 1, 0) 0( 0, 0) 0 [ 68048]
CH 22979.60  ( 0.05) 502, 4) 501, 4) 0 [ 68048]
| 2312290 ( 0.05) 21,2 1(1, 1) 0 [ 68048]
CH, 2355083  ( 0.05) 27( 5,23) 27( 4,23) 0 E [ 68048]
23551.11  ( 0.05) 27( 5,23) 27( 4,23) 0 A [ 68048]
2385238 ( 0.05) 2(0, 2) €0, 1) 0 [ 68048]
24676.68  ( 0.05) 21 1) 1( 1, 0) 0 [ 68048]
24800.03  ( 0.05) 42, 3) 41, 3) 0 [ 68048]
24917.95  ( 0.05) 3( 0, 3) 201, 1) 0 [ 68048]
25230.80  ( 0.05) 30( 6,24) 30( 6,25) 0 A [ 68048]
25231.12 (0.05) 30( 6,24) 30( 6,25) 0 E [ 68048]
25399.07  ( 0.05) 13( 3,11) 13( 2,11) 0 [ 68048]
25780.06 (005) 20( 4,17) 20( 3,17) 0 E [ 68048]
25780.30 (0.05) 20( 4,17) 20( 3,17) 0 A [ 68048]
30656.08  ( 0.05) 19( 4,16) 19( 3,16) 0 E [ 68048]
30656.36  ( 0.05 ) 19( 4,16) 19( 3,16) 0 4 [ 68048]
33257.28  ( 0.05) 42,2 41, 9 0 [ 68048]
3459538  ( 0.05) 2L D 1(0, 1) 0 [ 68048]
35660.95 ( 0.05) 3( 0, 3) 2( 0, 2) 0 [ 68048)
Table 29.1A. Molecular constants for cyclobutane-d,.
Parameter Equatorial Axial
A (MHZ) 10617.908(17) 10377.613(18)
B (MHz) 9817.535(17) 9975.708(18)
¢ (MHz) 6050.794(17) 6193.449(18)
Ay (kHz) 4.3(22) 5.3(20)
a3k (kHz) -3.18(89) -4.4(12)
ag  (kHz) 6.04(66) 6.25(83)
65 (kHz) 0.79(13) 0.95(19)
8g (kHz) 1.31(37) 0.65(45)
Hgy (Hz) -0.0079(6) -0.014(7)
Electric Dipole Moment [87024]
Hy (D) 0.0043(14) ---
pe (D) --- 0.0043(14)
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TABLE 29.2.a. Microwave spectrum of cyclobutane-d, CH;

Isotopic Frequency Unc. J(K_,K;1) J"(K_1,K1) Ref.

species (MHz) (MHz)

e-CH,CH,CH,CHD 12739.495  ( 0.030) 21(16, 5) 21(16, 6) [ 87024]
12772.716  ( 0.030) 33(25, 8) 33(25, 9) [ 87024]
13012.180 ( 0.030) 2922, T) 29(22, 8) [ 87024]
13020.253  ( 0.030) 25(19, 6) 25(19, 7) [ 87024]
H,C—CH, 13145.023 ( 0.030) 20(15, 6) 20(14, 6) [ 87024]
13688.896 ( 0.030) 8( 7,2 8( 6, 2) [ 87024]
H,C—CHD 13815.810 ( 0.030) 2(2, 1) 2( 0,2 [ 87024]
14134.661  ( 0.030) 17(13, 5) 17(12, 5) [ 87024]
14308.461 ( 0.030) 12( 9, 3) 12( 9, 4) [ 87024]
14417.826 ( 0.030) 7S, 2) 7( 5, 3) [ 87024]
14592.582 ( 0.030) 119, 3) 11( 8, 3) [ 87024]
14676.210  ( 0.030) 14(11, 4) 14(10, 4) [ 87024]
15526.665 ( 0.030) 3(3, D 3(1L,2 [ 87024]
15868.311  ( 0.030) 1(0, 1) 0( 0, 0) [ 87024]
15966.320  ( 0.030) 16(12, 4) 16(12, 5) [ 87024]
16593.370  ( 0.030) 6( 4, 2) 6( 4, 3) [ 87024]
16851.363  ( 0.030) 40(30,10) 40(30,11) [ 87024]
17064.296 ( 0.030) 20(1s, 5) 20(15, 6) [ 87024}
17320.902  ( 0.030) 24(18, 7) 24(17, 7) [ 87024}
17447.226 ( 0.030) 36(27, 9) 36(27,10) [ 87024}
17618.221 ( 0.030) 11( 8, 3) 11( 8, 4) [ 87024]
17692.049  ( 0.030) 24(18, 6) 24(18, 7 [ 87024}
17822.241 ( 0.030) 32(24, 8) 32024, 9) [ 87024]
28655.670  ( 0.020) 2( 0,2 1(0, 1) [ 87024]
40070.4 (0.1) 2(1L 1 1(0, 1) [ 87024]
a-CH,CH,CH,CHD 12582.760  ( 0.030) 2(2, 1) 2( 0,2 [ 87024]
12582.760  ( 0.030) 11(10, 2) 11( 9, 2) [ 87024]
12873.781  ( 0.030) 19(16, 4) 19(15, 4) [ 87024]
12878.909  ( 0.030) 23(19, 4) 23(19, 5) [ 87024]
12880.044  ( 0.030) 17(14, 3) 17(14, 4) [ 87024]
13127.925 ( 0.030) 15(13, 3) 15(12, 3) [ 87024]
13324220 ( 0.030) 3(3 D 3(1L 2 [ 87024]
13455.845  ( 0.030) 10( 8, 2) 10( 8, 3) [ 87024]
13713.366  ( 0.030) 34028, 6) 34028, 7) [ 87024]
13845.385  ( 0.030) 88 1 8( 7, 1 [ 87024]
14392.214 ( 0.100) 28(23, 6) 28(22, 6) [ 87024]
14454.588 ( 0.030) 44, 1) 4( 2, 2) [ 87024)
15028.504  ( 0.100) 28(23, 5) 28(23, 6) [ 87024]
15037.261 ( 0.030) 9( 7,2 97 3) [ 87024]
15198.348  ( 0.030) 16(13, 3) 16(13, 4) [ 87024]
15244.820 ( 0.030) 3932, 7 39(32, 8) [ 87024]
15619.761  ( 0.030) 22(18, 4) 22(18, 5) [ 87024]
15656.575  ( 0.100) 24(20, 5) 24(19, 5) [ 87024]
15757.851 ( 0.030) 12(11, 2) 12(10, 2) [ 87024])
16071.080 ( 0.030) 5(5 1 5(3,2) [ 87024]
16169.136 ( 0.030) (0, 1) 0( 0, 0) [ 87024]
16436.670  ( 0.030) 8( 6, 2) 8( 6, 3) [ 87024]
16440.175  ( 0.100) 20017, 4) 20(16, 4) [ 87024]
16543.855 ( 0.030) 16(14, 3) 16(13, 3) [ 87024]
16888.486 ( 0.030) 99 1 9 8, 1) [ 87024]
17054.099 ( 0.100) 3327, 6) 3327, D [ 87024]
17478.178  ( 0.030) 15(12, 3) 15(12, 4) [ 87024]
17608.137  ( 0.030) 75, 2) (5, 3) [ 87024]
28927.6 (0.1) 2( 0,2 1(0, 1 [ 87024]
40304.550 ( 0.020) 2L D (0, 1 [ 87024]
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Table 30.1. Molecular constants for the isobutane species:
(CH4) 5CH, (CH;);'%CH and (CH,),CD.

Parameter (CH,),CH (CH,),t3CH (CH,),CD

By (MHz ) 7789.45(3) 7773.88(3) 7540.82(2)

BTa (MHz) 7782.84(5)

BTe (MHz ) 7774.67(5)

Bg,  (Miz) 7790.3(3)

Bg,  (MHz) 7795.0(3)

Dy (MHz) 0.011(4)

qR(1g) (MHz) 21.0

q2(8,) (MHz) 17.

u (D) 0.132(1) 0.141(2)

Reference [58010] [60010] [60010]
Table 30.2. Rotational constants for asymmetric-rotor species

of isobutane. [60010]

Parameter 13CH;(CH;),CH  sym-CH,D(CH,),CH asy-CH,D(CH,),CH
A (MHz) 7788.28(5) 7629.15(20) 7782.70(3)
B (MHz) 7546.10(5) 7378.95(40) 7259.37(3)
C (MHz) 4431.(45) 4466.(140) 4319.(7)
TaBLE 30.3. Microwave spectrum of isobutane CiHyo
Isotopic Frequency Unc JK_,Ki) - J'(K_,K4) Vib. Ref.
species (MHz) (MHz) state
(CH;);CH 15578.9 (0.10) 1( )y - o ) [ 58010]
31098.35  (0.10) 2 )y - I( ) 1y, [ 58010]
3113099 (0.10) 2( ) - K ) v, [ 58010]
3115746  ( 0.10) 2( ) - I( ) [ 58010]
31161.00 (0.10) 2( ) - I ) vy [ 58010]
3118000 ( 0.10) 2( ) - I ) v, [ 60010]
(CH,);"*CH 31095.18  ( 0.10) 2( ) - K ) [ 60010]
(CH;);CD 3116295  (0.05) 2( ) - I ) [ 60010]
BCH,(CH;),CH 3042624 ( 0.10) 201, 1) - 10, 1) [ 60010]
30682.00 ( 0.10) 2(2,0 - 1(1,0 [ 60010]
30910.58  ( 0.10 ) 202, 1D - I(L 1) [ 60010]
sym-CH,D(CH;),CH 29765.6 (01 ) 201, 1) - 1o, D [ 60010]
30031.28  ( 0.10) 202,00 - 1(1,0) [ 60010]
30266.06  ( 0.20 ) 202, 1) - (L1 [ 60010]
asy-CH,D(CH;),CH 29560.45  ( 0.05 ) 201, 1) - 1(0, 1) [ 60010]
3014792  (0.05) 202,00 - (1,0 [ 60010]
30607.11 (0.05) 202, 1) - (L1 [ 60010]
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Table 31.1. Molecular constants for the
CsH radical. [86004]
Parameter Value
Aeff (MHZ) 710039. (33)
B (MHz) 2395.131(1)
D (MHz) 0.129(1)x1073
P+ 2q (MHz ) 3.72(7)
q (MHz) -0.304(2)
Bogr (PHyyp)  (MHz) 2387.003(2)
Bogr (2M375)  (MHz) 2403.241(6)
Degs (*My/p)  (MHz) 0.041(1)x1072
Deff (2H3/2) (MHZ) 0.211(2)){10-3
Hyperfine parameters [87012]
a'=a- .___(b’zfc) (MHz) 20.04(15)
d (MHz) 10.9(6)
TABLE 31.2. Microwave spectrum of CsH radical CsH
Isotopic Frequency  Unc. Joo-J" P F' - F" Vib. Ref.
species (MHz) (MHz) state
CCCCCH ,,, 21480.823 ( 0.022) 9/2 - 172 a 5 - 4 v=0 [ 87012]
21481.312  ( 0.022) 9/2 - 1/2 a 4 - 3 v=0 [ 87012]
21484710 ( 0.022) 9/2 - 1/2 b 5 - 4 v=0 [ 87012]
21485.261 ( 0.025) 9/2 - 172 b 4 - 3 v=0 [ 87012]
73993.8 (03 ) 3172 - 2972 a v=0 [ 86024]
73998.9 (03 ) 3172 - 2972 b v=0 [ 86024]
83541.5 (08 ) 35/2 - 3372 a v=0 [ 86024]
83547.1 (06 ) 35/2 - 3372 b v=0 [ 86024]
88315.2 (04 ) 3772 - 352 a v=0 [ 86024]
88321.0 (04 ) 3772 - 3572 b v=0 [ 86024]
93089.0 (03 ) 39/2 - 3112 a v=0 [ 86024}
93094.9 (04 ) 3972 -~ 3112 b v=0 [ 86024}
97862.6 (04 ) 4172 - 3972 a v=0 [ 86024]
97868.8 (04 ) 4172 - 39/2 b v=0 [ 86024]
102635.7 (07 ) 4372 - 4172 a v=0 [ 86024]
102642.4 (07 ) 4372 - 4172 b y=0 [ 86024]
107409.91 (0.10) 45/2 - 4372 a v=0 [ 86004]
107416.65 (0.10) 45/2 - 4372 b v=0 [ 86004]
112183.49 (0.10) 4772 -~ 45/2 a v=0 [ 86004]
112190.58 (0.10) 47/2 - 45/2 b v=0 [ 86004]
116957.11 (010) 4972 - 4772 a v=0 [ 86004]
116964.39 (0.10) 4972 - 4772 b v=0 [ 86004]
169464.50 (0.10) 7172 - 69/2 a v=0 [ 86004]
169475.49 (0.10) 7172 - 69/2 b v=0 [ 86004]
183783.87 (0.10) 7772 - 15/2 a v=0 [ 86004]
183796.03 (0.10) 7772 - 75/2 b v=0 [ 86004]
188556.91 (0.10) 7972 - 1172 a v=0 [ 86004]
188569.50 (0.10) 7972 - 7172 b v=0 [ 86004]
CCCCCH 15/, 165785.43 (0.10) 69/2 - 67/2 a v=0 [ 86004]
165792.36 (010) 69/2 - 67/2 b v=0 [ 86004]
170588.58 (0.10) 7172 - 6972 a v=0 [ 86004]
170595.94 (0.10) 7172 - 69/2 b v=0 [ 86004]
184997.07 (0.10) 7772 - 17572 a v=0 [ 86004]
185005.57 (0.10) 7172 - 17572 b v=0 [ 86004]
189799.43 (0.10) 7972 - 712 a v=0 [ 86004]
189808.36 (0.10) 7972 - 7172 b v=0 [ 86004]
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Table 32.1. Rotational and centrifugal distortion constants
for 1,4-pentadiyne. [81036]

CH,(CCH),
ground state

CH, (CCH),
Vay =1

CH,(CCD),
ground state

Parameter
A" (MHz)
B"  (MHz)
c" (MHz)
T, (MHz)
T, (MHz)
T, (MHz)
Taaaa (MH2)
Tpbbb (MHZ)
Tecee (MHZ)

19076.77(2)2
2859.224(3)
2520.801(3)
0.2392(1)
0.02182(1)
0.6068(11)

-2.963(3)

-0.01138(1)

-0.00317(2)

19300.82(11)
2870.209(2)
2524.646(5)
0.2379(90)
0.02491(38)
1.58(90)

~10.2(45)

-0.1296(146)

-0.00394(83)

17408.3(112)
2574.372(13)
2270.134(13)
0.2012(63)
0.0207(89)
1.25(220)

-17.5(450)

-6.01059(171)

-0.00316(57)

dUncertainties are one standard deviation.
alue determined by setting R = 0.
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TABLE 32.2. Microwave spectrum of 1,4-pentadiyne CsH,
Isotopic Frequency Unc. JEK_,K_)) - J' (K. ,Kp) Vib. Ref.
species (MHz) (MHz) state
HCCCH,CCH 16899.14 (020) 201, 1) - 20,2 [ 81036]
18018.53 (0.20) 6(0,6) - 51,5 lvy [ 81036]
18100.37 (0.20) 6(0,6) - 51,5 { 8103¢]
18143.73 (020) 41,3 - 4049 [ 81036]
18396.02 (020) 41,3 - 40 9 1vy [ 81036]
19071.16 (020) 5(L4) - 505 [ 81036}
19343.51 (020) (L4 - 50,9 lvy [ 81036)
20225.36 (020) 6( 1,5 ~ 60, 6) [ 81036]
20523.09 (020) 6( 1,5 - 6(0, 6) lvy [ 81036]
21596.93 (020) (LD - 00 0 [ 81036)
21627.28 (020) 7(1,6) - 70, 7D [ 81036]
21823.07 (020) (LN - o0 0 lvy [ 81036]
21956.17 (020) (1,6 - (0,7 1vy [ 81036]
23299.28 (0.20) 81,7 - 80 8 [ 81036]
23665.60 (020) 8 1, 7) - 80 8 1vy [ 81036]
24192.14 (0.20) 70,7 - 6(1,6) 1vy [ 81036]
2424496 (020) 70,7 - 61, 6) [ 81036]
25264.01 (020) 91,8 - 9009 [ 81036]
25674.78 (020) 91,8 - 909 1vy [ 81036}
26638.85 (020) 21,2 - 1(0, 1) [ 81036]
26872.62 (020) 21,2 - 10,1 lvy [ 81036]
27542.53 (020) 10( 1, 9 - 10( 0,10) [ 81036)
28005.01 (020) 10( 1, 9) - 10( 0,10) lvy [ 81036]
30152.26 (020) 11¢ 1,10) -~ 11¢ 0,11) [ 81036]
30419.34 (020) 80,8 - (LD 1vy [ 81036}
30442.87 (020) 80,8 - 7LD [ 81036]
30674.16 (020) 11C 1,100 - 11( 0,11) luy [ 81036}
31513.62 (020) (L3 - 20,2 [ 81036]
31751.77 (020) (L3 - 202 lvy [ 81036}
36227.87 (020) 41,4 - 30,3 [ 81036}
36466.88 (020) 41,4 - 30,3 lvy [ 81036]
100496.36 (020) 19( 1,19) - 18( 0,18) [ 81036]
101169.15 (020) 26( 4,22) - 26( 3,23) [ 81036]
101278.05 (020) 20( 0,20) - 19( 1,19) [ 81036]
101333.49 (020) 22( 1,21) - 21( 2,20) [ 81036]
102758.06 (020) 12¢ 2,11) - 11 1,10) [ 81036)
103791.43 (020) 27( 2,25) - 26( 3,24) { 81036]
104876.70 (020) 24( 4,20) - 24( 3,21 [ 81036]
105081.94 (020) 25( 2,24) - 25( 1,25) [ 81036)
105120.35 (020) 20( 1,200 - 19( 0,19) [ 81036]
106230.55 (020) 13( 2,12) - 12( 1,11 [ 81036]
106273.67 (020) 27( 1,26) - 27( 0,27) [ 81036]
106496.20 (020) 23( 4,19) - 23( 3,20) [ 81036)
106664.48 (020) 21 0,21) - 20( 1,20) [ 81036]
109584.52 (020) 14( 2,13) - 13( 1,12) [ 81036]
109808.00  ( 0.20 ) 21( 1,21) - 20( 0,20) [ 81036)
111968.50 (020) 18( 4,14) - 18( 3,15) [ 81036)
111991.90 (020) 22( 0,22) -~ 21 1,21 [ 81036)
112209.61 (020) 22( 0,22y - 21( 1,21 1vy [ 81036]
113790.93 (020) 14( 4,10) - 14( 3,11 [ 810361
114197.88 (020) 12( 4, 8) - 12( 3,9 [ 81036)
11425551 (020) 6( 33 - 52,4 [ 81036}
114324.65 (020) 11(4, 7) - 11( 3, 8) [ 81036]
114353.96 (020) 16( 4,13) - 16( 3,14) [ 81036}
114362.56 (020) 15( 4,12) -~ 15( 3,13) [ 81036}
114364.44 (020) 17( 4,14) - 17( 3,15) [ 81036]
114383.65 (020) 14( 4,11) - 14( 3,12) [ 81036}
114401.67 (020) 18( 4,15) - 18( 3,16) [ 81036]
114411.77 (020) 13( 4,10) - 13( 3,11 [ 81036}
114414.55 (020) 10(4,6) - 10(3,7) [ 81036]
114442 45 (020) 12( 4, 9) - 12( 3,10) [ 81036]
11452222 ( 0.20 ) 94,6 - 937 [ 81036]
114539.83  ( 0.20 ) 8( 4,5 - 8(36) [ 81036]
11454185  ( 0.20 ) (4,3 - 73,4 [ 81036]
114556.12  ( 0.20 ) 6(4,2 - 63 3) [ 81036]
114560.32 (0.20) 6(4,3) - 63,4 [ 81036]
114563.05 (020) 5(4, 1) - 53,2 [ 81036]
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TABLE 32.2. Microwave spectrum of 1,4-pentadiyne — Continued CsH,
Isotopic Frequency  Unc. JEK_,K_) - J'KiuKip) Vib. Ref.
species (MHz) (MHz) state
11456445  ( 0.20) 5(4,2 - 533 [ 81036]
114756.95  ( 0.20 ) 22( 1,22) - 21( 0.21) lvy [ 81036}
116980.68  ( 0.20 ) 29( 1,28) - 29( 0,29) [ 81036]
117268.50 ( 0.20) 230 0,23) - 22( 1,22) [ 81036]
122174.89  ( 0.20) 29( 2,28) - 29( 1,29) [ 81036}
12250240 (020) 24( 0,24) - 23( 1,23) [ 81036]
DCCCH,CCD 18428.85  ( 0.20) 6(1,5 - 60,6 [ 81036]
19674.14  ( 0.20 ) (LD - 00,0 [ 81036]
19686.03  ( 0.20) 7(1,6) - 707D [ 81036])
2118471  (0.20) 81,7 - 8(0 8) [ 81036)
2294511 (0.20) 91,8 - 909 [ 81036]
2421472 (020) 2(1,2 - 1O [ 81036]
24986.27 ( 0.20) 10( 1, 9) - 10( 0,10) [ 81036}
2719430 (020) 80,8 - 717 [ 81036]
27323.91 (0.20) 11( 1,10y - 11(0,11) [ 81036]
28604.97 (0.20) 3(L,3) - 20,2 [ 81036]
3280424 (0.20) 90,9 - 81,8 [ 81036]
32850.84 (020) 41,49 - 300 3 [ 81036}
3292862  ( 0.20) 13( 1,12) - 13( 0,13) . [ 81036]
36199.12 (1 020) 14( 1,13) - 14( 0,14) [ 81036]
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Table 33.1. Molecular constants for 1,3-pentadiyne and deuterated

isotopic species in the ground state.

Parameter CH,C H CH,C,D CD,C,H CD,C,D

Rotational Constants

B, (MHz) 2035.74706(8)  1929.772(30)  1834.856(20)  1742.214(20)
Dy (kHz) 19.8630(13) 18.3(1) 14.5(1) 13.5(1)
Dy (kHz) 0.086687(40) 0.06 0.1 0.1

Hyy (Hz) 0.3278(37)

Hyg (Hz) 0.03568(21)

Hy (Hz) 0.0000130(66)

Reference [84035] [55019] [55019] [55019]

Dipole Moment [85035]

p (D) 1.2071(10)

Table 33.2. Rotational constants for 1,3-pentadiyne in the
first excited vibrational state (v=1)2 and for
various '3C substituted forms in the ground

state.
Species v B, (MHz) q (MHz) Dyg (kHz) T X% (kHz)
CH4C,H 1 2040.14(2)  2.104 20.0 0.9 0.15
CH4C,D 1 1933.86(2)  1.956 18.7 0.92  0.20
CD,CH 1 1838.69(2)  1.804 14.6 0.9 0.23
CD4C,D 1 1745.80(2)  1.684 14.0 0.9 0.23

13CH,C,H 0 1982.68(4)
CH,13CC,H 0 2025.31(4)
CH,C,3CCH 0 2018.96(4)
CH,C,3CH © 1980.22(4)
13CH,C,D 0 1879.93(4)
CHy13CC,D 0  1919.42(4)
CH,C,%3CCD 0  1915.84(4)

CH,C,23CD 0 1881.88(4)

4From reference [55019].
From reference [57017].
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TaBLE 33.3. Microwave spectrum of methyl diacetylene CsH,
Isotopic Frequency Unc. J K., J" Ko Vib. Ref.
species (MHz) (MHz) state
CH;C:H 20354.18 (010) 5(4) 4(4) [ 55019]
20355.55 (0.10) 5(3) 4(3) [ 55019}
20356.56 (0.10) 5(2) 4(2) [ 55019]
20357.226 ( 0.014) 5(1) 1) [ 84036]
20357.423  ( 0.014) 5(0) 4(0) [ 84036)
20390.87 (0.10) 5(+1) 4(+1) 1y =+1 [ 55019]
20399.69 (0.10) (+2) 4(4+2) v, ¢ =-1 [ 55019]
20399.69 (0.10) (+4) 4+4) 1y, ¢=+1 [ 55019]
20400.64 (0.10) 5(4+1) 4(+1) 1v, ¢ =-1 [ 55019)
20400.64 ( 0.10) 5(+3) 4(+3) v, ¢=+1 [ 55019]
20401.24 (0.10) 5(+2) 4(+2) v, €=+1 [ 55019)
20401.24  ( 0.10) 5 0) 4 0) 1v, ¢=+1 [ 55019]
20411.95 (0.10) 5(+1) 4(+1) 1y C=+1 [ 550191
24422.83 (010) 6(5) 5(5) [ 55019]
24425.03 (0.10) 6(4) 5(4) [ 55019}
24426.69 (010) 6(3) 5(3) [ 55019]
24427.85 (0.10) 6(2) 5(2) [ 55019]
24428.652  ( 0.016) 6( 1) 5(1) [ 84036)
24428.886 ( 0.016) 6 0) 5(0) [ 84036)
24469.11 (0.10) 6(+1) (+1) 1vy f=+1 [ 55019]
24475.95 (0.10) 6(+4) 5(+4) 1y £ =-1 [ 55019]
24479.62 (0.10) 6(+2) 5(+2) v, ¢=-1 [ 55019}
24479.62 (010) 6(+4) 5(+4) 1v, £=+1 [ 55019]
24480.78 (0.10) 6(+1) 5(+1) v, ¢ =-1 [ 55019]
24480.78 (0.10) 6(+3) 5(+3) v £=+1 [ 55019]
24481.52 (0.10) 6(+2 ) 5(+2) vy C=+1 [ 550191
24481.52 (0.10) 6 0) 5( 0) v, =41 [ 55019]
24494.38 (0.10) 6(+1) 5(+1) vy £=+1 [ 55019}
36630.24 (0.10) 9( 6) 8(6) [ 55019]
3663420 (0.10) 9 5) 8(5) [ 55019]
36637.49 (0.10) 9 4) 8(4) [ 55019]
3663990  ( 0.10) 9(3) 8(3) [ 55019]
36641.70 (0.10) 9 2) 8(2) [ 55019]
36642.77 (0.10) 9 1) 8(1) { 55019]
36643.08 (0.10) 9(0) 8(0) [ 55019]
36703.62 (0.10) 9+1) 8(+1) 1y £=+1 [ 55019]
36710.05 (0.10) 9(+5) 8(+5) vy =-1 [ 550191
36713.83 (0.10) 9(+4 ) 8(+4) v £ =-1 [ 55019]
3671690 ( 0.10) 9+5) 8(+5) 1y, =+1 { 55019]
3671690  ( 0.10) 9+3) 8(+3) v, £=- [ 55019]
36719.38  ( 0.10 ) 9(+4) 8(+4) 1y, £ =+1 {55019]
36719.38 (0.10) 9(+2) 8(+2) 1y ¢ =-1 [ 550191
36721.20  (0.10) 9+3) 8(+3) v £=+1 [ 55019)
36721.20 (0.10) 9(+1) 8(+1) 1v, ¢ =-1 [ 55019]
3672230 (0.10) 9(+2) 8(+2) v, =+1 [ 55019]
3672230 ( 0.10) 9 0) 8(0) 1v, £=+1 [ 55019]
36741.46 (0.10) 9(+1) 8(+1) v f=+1 [ 550191
40695.10 ( 0.10) 10( 7) 9(7) [ 55019]
40700.28 (0.10) 10( 6 ) 9 6) [ 55019]
40704.62 (0.10) 10( 5) 9(5) [ 550191
40708.20 ( 0.10) 10( 4) 9 4) [ 55019]
4071096 ( 0.10) 10( 3) 9 3) [ 550191
40712.96 (0.10) 10( 2) 9 2) [ 55019]
40714.14  (0.10) 10(1) 9 1) [ 55019]
40714.56  ( 0.10) 10( 0) 9 0) [ 55019]
44750.52 (010) 11(9) 10( 9) [ 55019]
44764.52 (0.10) 11(7) 10( 7) [ 55019]
4477020  ( 0.10) 11( 6) 10( 6 ) [ 55019]
4477504 (0.10) 11(s5) 10( 5) [ 55019]
44778.98 (0.10) 11( 4) 10( 4) [ 550191
44782.02 (010) 1(3) 10(3) [ 550191
44784.16  ( 0.10) 11(2) 10(2) [ 55019]
44785.48 (0.10) ety 10( 1) [ 55019}
44785.92 (010) 11(0) 10( 0) [ 55019]
146238.500  ( 0.005) 36(15 ) 35(15 ) [ 84035]
146279.553  ( 0.005) 36(14 ) 35(14 ) [ 84035]
146317.722  ( 0.005) 36(13 ) 35(13 ) [ 84035]

J. Phys. Chem. Ref. Data, Vol. 18, No. 3, 1989



MICROWAVE SPECTRAL TABLES 1383

TABLE 33.3. Microwave spectrum of methyl diacetylene — Continued CsH,
Isotopic Frequency  Unc. JK., - JKiu Vib. Ref.
species (MHz) (MHz) state

146353.109  ( 0.005) 36(12 ) - 35(12) [ 84035]
146385.722  ( 0.005) 36(11 ) - 35(11) [ 84035)
146415.497 ( 0.005) 36(10 ) - 35(10) [ 84035]
146442.465 ( 0.005) 36(9) - 35(9) [ 84035]
146466.609  ( 0.005) 36(8) - 358) [ 84035]
146487.914  ( 0.005) 36(7) - 35(7) [ 84035}
146506.397  ( 0.005) 36(6) - 35(6) [ 84035]
146522.046  ( 0.005) 36(5) - 35(5) [ 84035]
146534.848  ( 0.005) 36(4) - 35(4) [ 84035]
146544.810  ( 0.005) 36(3) - 353) [ 84035]
146551.920 ( 0.005) 36(2) - 352) [ 84035]
146556.188  ( 0.005) 36(1) - 35(1) [ 84035]
146557.620  ( 0.005) 36(0) - 350) [ 84035]
CH,C,D 19296.08 (010) 5(3) - 4(3) [ 55019]
19296.98 (0.10) 5(2) - 42) [ 55019]
19297.52 (0.10) 501) - 41) [ 55019]
19297.70 (010) 5(0) - 40) [ 55019]
19328.94 (0.10) S(+1) - 4(+1) 1v, f=+1 [ 55019}
19335.80 (010) 5(+3) - 4+3) 1v, {=-1 [ 55019]
19337.14 (0.10) 5(+2) - 4+2) v ¢=-1 [ 55019]
19337.14 (0.10) 5(+4) - 4(+4) 1y, C=+1 [ 550191
19338.02 (010) 5(+1) - 4(+1) 1v, ¢ =-1 [ 55019]
19338.02 (0.10) S(+3) - 4+3) 1v, C=+1 [ 55019]
19338.58 (0.10) 5 0) - 4 0) 1v, £=+1 [ 55019]
19338.58 (0.10) 5(+2) - 4(+2) 1y =41 [ 55019]
19348.50 (010) 5(+1) - 4(41) v, =41 [ 55019]
23151.67 (010) 6(5) - 5(5) [ 55019]
23153.71 (0.10) 6(4) - 5(4) [ 55019]
23155.25 (0.10) 6(3) - S5(3) [ 55019]
23156.34 (0.10) 6(2) - 5(2) [ 55019]
23156.99 (0.10) 6(1) - 51) [ 55019]
23157.21 (0.10) 6(0) - 50) [ 55019]
23194.67 (0.10) 6(+1) - S5(+1) vy f=+1 [ 55019]
23202.96 (0.10) 6(+3) - 5(4+3) v, ¢=-1 [ 55019]
23204.48 (010) 6(+2) - 5(+2) 1v, f=- f 55019]
23204.48 (010) 6(+4) - 5(+4) v, =41 [ 55019]
23205.54 (0.10) 6(+3) - 5(+3) 1w, =41 [ 55019])
23205.54 (010) 6(+1) - 5(+1) v, ¢ =-1 [ 550191
23206.23 (0.10) 6(+2) - 5(+2) 1v, =41 [ 55019]
23206.23 (0.10) 6 0) - 500) v, £=+1 [ 55019]
23218.17 (0.10) 6(+1) - 5(+1) 1y € =41 [ 55019]
42434.89 (010) (7)) - 10(7) [ 55019]
42440.20 (0.10) 11(6) - 10(6) [ 55019]
42444.61 (0.10) 1I(5) - 10(5) [ 55019]
42448.24 (0.10) 11(4) - 10(4) [ 55019]
42451.03 (0.10) 11(3) - 10(3) [ 550191
42453.05 (0.10) 11(2) - 10(2) [ 55019]
42454.25 (0.10) 1(1) - 10(1) [ 55019]
42454.66 (0.10) 11(0) ~ 10(0) [ 55019]
46298.32 (0.10) 12(6) - 11(6) [ 55019]
46303.13 (010) 12(5) - 11(5) [ 55019)
46307.07 (0.10) 12(4) - 11(4) [ 550191
46310.16 (0.10) 12(3) - 11(3) [ 55019]
46312.36 (0.10) 12(2) - 11(2) [ 55019]
46313.66 (0.10) 1201) - 11(1) [ 55019]
46314.11 (010) 1200) - 11{0) [ 55019]
46389.10 (0.10) 12(+1) - 11(+1) 1v, =41 [ 55019]
46389.94 (010) 12(+8) - 11(+8) 1y =41 [ 55019]
46390.82 (0.10) 12(+6 ) - 11(+6) 1y, € =-1 [ 55019]
46396.24 (0.10) 12(+7) - 11{(+7) 1v; C=+1 [ 55019]
46396.90 (0.10) 12(+5) - 11(+5) v, £ =-1 [ 55019]
46405.40 (010) 12(+3) - 11(+3) 1w £ =-1 [ 55019]
46405.40 (0.10) 12(+5) - 11(+5) 1y f=+1 [ 55019]
46408.54 (0.10) 12(42) - 11(+2) 1v; ¢ =-1 [ 55019]
46408.54 (010) 12(+4 ) - 11(+4) 1v, f=+1 [ 55019]
46410.76 (0.10) 12(+3 ) - 11(+3) 1v f=+1 [ 55019)
46410.76 (0.10) 12(+1) - 11(+1) v € =-1 [ 55019]
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TABLE 33.3. Microwave spectrum of methyl diacetylene — Continued CsH,
Isotopic Frequency Unc. JK.y - FVKu Vib. Ref.
species (MHz) (MHz) state
46411.82 (0.10) 12 0) - 11(0) v, C=+1 [ 55019]
46412.42 (0.10) 12(+2) - 11(+2) 1y, =41 [ 55019]
46436.04 (0.10) 12(+1) - 11(+1) v, £=+1 [ 550191
CD;C.H 25684.57 (0.10) (4) - 6(4) [ 55019]
25686.05 (0.10) 7(3) - 6(3) [ 55019]
25687.03 (0.10) (2) - 62) [ 55019]
25687.66 (0.10) (1) - 6(1) [ 55019]
25687.84  ( 0.10) 7(0) - 6(0) [ 55019]
33010.35 (0.10) 9(8) - 8(8) [ 55019]
3301430 ( 0.10) 9(7) - 8(7) [ 55019]
33017.74  ( 0.10) 9(6) - 8(6) [ 550191
33020.60 (010) 9q(S5) - 8(5) [ 55019]
3302294 (0.10) 9(4) - 8(4) [ 55019]
33024.77 (0.10) 9(3) - 8(3) [ 55019]
33026.08 (0.10) 9(2) - 8(2) [ 55019]
33026.86  ( 0.10) 9(1) - 81) [ 55019]
3302709 (0.10) 90) - 80) [ 550191
3308020 ( 0.10) 9(+1) - 8(+1) v, =41 [ 55019]
33083.30 (0.10) 9(+8) - 8(+8) 1v; f=+1 [ 550191
33087.11 (010) W+5) - 8(+5) 1y ¢=—1 [ 55019]
33089.98 (0.10) 9(+4) - 8(+4) v, £=—1 [ 55019]
33092.23 (0.10) 9(+3) - B(+3) 1v, £=—1 [ 55019}
33092.23 (010) 9U(+5) - 8+5) 1y =41 [ 55019]
33094.08 (0.10) 9(+2) - B8(+2) v, £=— [ 55019]
33094.08 (0.10) 9(+4) - B8(+4) 1y, =41 [ 55019]
33095.39 (0.10) 9(+1) -~ B8(+1) 1y, f=— [ 55019]
33095.39 (0.10) 9(+3) - B8(+3) 1v, =+1 [ 55019}
33096.06 (0.10) 9(0) - 8(0) 1y £=+1 [ 55019]
33096.27 (0.10) 9(+2) - 8(+2) v, f=+1 [ 55019]
33112.67 (0.10) 9(+1) - B8(+1) v, C=+1 [ 55019]
44023.24 (0.10) 1206) - 11(6) [ 55019]
44027.08 (0.10) 1205) - 11(5) [ 55019]
44030.18 (0.10) 12(04) - 11(4) [ 55019]
44032.64 ( 0.10) 12(3) - 11(3) [ 55019]
44034.42 (0.10) 1202) - 11(2) [ 55019]
44035.48 (0.10) 12(1) - 11(1) [ 55019]
44035.80 ( 0.10) 1200) - 11(0) [ 55019]
CD,CiD 24386.10 ( 0.10 ) (S5) - 6(5) [ 55019]
24387.83 (010) 7(4) - 6(4) [ 55019]
24389.17 (0.10) (3) - 6(3) [ 55019]
24390.12 (0.10) 7(2) - 6(2) [ 55019]
24390.68 (0.10) (1) - 6(1) [ 55019]
24390.85 (0.10) 7(0) - 60) [ 55019]
34822.04 (0.10) 10(9) - 9(9) [ 55019]
34826.67 (010) 10(8) - 98) [ 55019]
34830.70 (0.10) 10007) - 97) [ 55019]
3483426 ( 0.10) 10(6) - 96) [ 55019]
34837.21 (0.10) 10(5) - 95) [ 55019]
34839.63 (0.10) 1004) - 94) [ 55019]
34841.53 (0.10) 10(03) - 93) [ 55019]
34842.86 (0.10) 1002) - 92) [ 55019}
34843.65 (0.10) 10(1) - 91) [ 55019]
34843.89 (0.10) 10(0) - 90) [ 55019]
34898.93 (0.10) 10(+1) - 9+1) v, £=+1 [ 55019}
34909.06 ( 0.10) 10(+4) - 9(+4) 1v, f=—1 [ 55019]
34911.46 (0.10) 10(+3) - 9%+3) v, ¢=—1 [ 55019]
3491146  ( 0.10) 10(+5) - H+5) v, =41 [ 55019]
34913.28 (0.10) 10(4+4) - 9(+4) v, f=+1 [ 55019]
34913.28 (0.10) 10(+2) - 9(+2) 1v, C=—1 [ 55019]
34914.63 (0.10) 10(+1) - 9(+1) v £=— [ 55019
34914.63 (0.10) 10(+3) - 9(+3) 1v, =+1 [ 55019]
34915.35 (010) 100 0) - 90) v, ¢=+1 [ 55019]
3491570  (0.10) 10(+2) - 9%+2) v, =+1 [ 550191
34932.59 (0.10) 10(+1) - 9(+1) 1v, =41 [ 55019]
45284.10 ( 0.10) 13(6) - 12(6) [ 55019]
45287.88 (0.10) 13(5) - 12(5) [ 550191
45291.10 ( 0.10) 13(4) - 12(4) [ 55019}
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TaBLE 33.3. Microwave spectrum of methyl diacetylene — Continued CsH,
Isotopic Frequency  Unc. JK; - J' Ky Vib. Ref.
species (MHz) (MHz) state
45293.56 ( 0.10) 13(3) - 12(3) [ 55019]
45295.30 (0.10) 13(2) - 12(2) [ 55019]
4529640 ( 0.10) 13(1) - 12(1) [ 55019]
45296.66 ( 0.10) 13(0) - 12(0) [ 55019]

Table 34.1. Molecular constants for cyclopentadiene.

Parameter

Value

Rotational Constants [present analysis]

A" (MHz)
B" (MHz)
¢! (MHz)
T, (MHz)
t,  (MHz)
1,4 (MHz)
Tagaa (MHz)
Tppbp (MHZ)

Dipole Moment [65030]

Hp
Magnetic Constants [70065]

Baa
8bb
8ce
ZXaa™Xbb Xcc
2Xpb~Xaa"Xce
Qaa
Qb
QCC

6426.1205(69)

8225.6602(12)

4271.4441(31)

-0

-0.

—

+30.

+37.

—

.02703(603)

00822(203)

.37(20)
.01347(199)

.01484(228)

.419(4) D

.0700(3) uy

.0827(3) uy

.0385(2) wy

7(3)x10 %erg/ (G2 +mol)

8(3)x10"®erg/(G2-mol)

L4(4)x107 2%esu- cm?
.7(4)x107 2%esu+cm?

.1(5)x107 2%esu+cm?

3Value determined by setting Ry = 0.

Table 34.2. Rotational constants for !3C
substituted cyclopentadiene. [65030]

13C2 13C
3

Parameter t3c,a

A (MHz) 8226.04(3)
B (MHz) 8219.46(3)
C (MHz) 4217.76(3)

8420.02(3) 8345.11(3)
8040.41(3) 8108.70(3)

4119.40(3) 4119.07(3)

3Atom numbering is as follows: C,H,C,H=C,HC, H=C-H
where C, and G, and C, and Cy are equivalent.
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TABLE 34.3. Microwave spectrum of cyclopentadiene CsHs
Isotopic Frequency Unc. J'K_,Ki) - J'(K-1,K.) Ref.
species (MHz) (MHz)
CH,CHCHCHCH 11869.990  ( 0.050) 21, 1) - 20,2 [ 65030]
12697.560  ( 0.008) 1(1,1) - 0(0, 0) [ 70065]
19658.900 ( 0.100) 75 2 - 743 [ 56018]
19914700 ( 0.100) 6(4,2) - 6(3,3 [ 56018]
20085.220 ( 0.100) 53,2 - 523 [ 56018)
HC_CH 20186.990 ( 0.050) 402,2) - 4(1,3) [ 65030]
20239.702  ( 0.020) 3(1,2 - 30,3 [ 70065)
HCHI QZH 20276.615  ( 0.020) 3(2,2 - 3143 [ 70065]
\/ 20291.300 ( 0.100) 12(12, 1) - 12711, 2) [ 56018}
CH, 20296.530  ( 0.050) 403,2) - 4023 [ 65030]
20336.680 ( 0.050) 5(4,2) - 53,3 [ 65030]
20406.400 ( 0.100) 6(52) - 6043 [ 56018]
21032.498  ( 0.009) 200,2) - 1(1, 1) [ 70065]
21240.397 ( 0.010) 21,2 - 101 [ 70065]
29549.691 ( 0.010) 202, 1) - 1L0 [ 70065]
29678.259 ( 0.020) 30,3 - 2L4L 2 [ 70065]
29685.863  ( 0.010) 3(1,3 - 20,2 [ 700651
3CH,CHCHCHCH 1196543  ( 0.05) 5(4,1) - 5(4, 2 [ 65030]
1198195 ( 0.05) 43 1) - 4032 [ 650301
1199520  ( 0.05) 3(2, 1) - 32,2 [ 65030]
12024.86  ( 0.05) 202, 1) - 2062 [ 65030}
12034.69  ( 0.05) 3(3, 1) - 3(L2 [ 65030]
12064.32  ( 0.05) 5032 - 5510 [ 650301
20872.74 ( 0.05) 2(1,2 - LY [ 65030]
28876.14  ( 0.05) 2L, 1) - (1,0 [ 65030]
29311.54  ( 0.05) 3(3,00 - 22,0 [ 65030]
3731157 (0.05) 3(2,2 - 220 [ 65030]
3733125  (005) (L2 - 2L [ 65030}
CH,"*CHCHCHCH 11489.92  ( 0.05) 201, 1) - 20,2 [ 65030]
19418.77  ( 0.05) 5(3,2 - 523 [ 65030]
1975490 ( 0.05) 42,2 - 41,3 [ 65030]
20070.25  ( 0.05) 32,2 - 313 [ 65030]
20281.58 ( 0.05) 5(4,2 - 53,3 [ 65030]
20671.73  ( 0.05) 20,2 - (1,1 [ 65030]
CH,CH"»CHCHCH 2075544  (0.05) 2(0,2) - (LD [ 65030}
CH,*CHCHCHCH 21078.23 (005) 21,2 - 101 [ 65030]
I I 29309.79  ( 0.05) 3(0,3 - 21,2 [ 65030
29337.87 (0.05) 31,3 - 20,2 [ 65030]
2947947 (0.05) 202, 1) - 1(14, 0 [ 65030]
CH,CH"*CHCHCH 11679.34  ( 0.05) 2(1, 1) - 2002 [ 65030]
19920.14 (005 ) 42,2 - 4143 [ 65030]
19779.11 (005) 5032 - 5023 [ 650301
20045.53  ( 0.05) 3(2,2 - 3(L13) [ 65030]
20129.60  ( 0.05 ) 5(4,2) - 53 3) [ 65030]
20991.80  ( 0.05) 200,2) - 1(0, 1) [ 65030]
21002.32 ( 0.05) 21,2 - 1O { 65030]
2854506  ( 0.05) 201, 1) - 1(1,0) [ 65030]
2925440 (005) 22, 1) - 1(L0O [ 65030]
2932624 ( 0.05) 31,3 - 20,2 { 65030]
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Table 35.1. Molecular constants for
1-penten-3-yne.
Parameter CH,=CHCCCH 3
A (GHz) 36.8(17)
B (MHz) 2126.90(10)
C (MHz) 2026.32(10)
Dipole Moment [71045}
g (D) 0.571(2)
u, (D) 0.334(41)
TABLE 35.2. Microwave spectrum of 1-penten-3-yne CsHs
Isotopic Frequency Unc. JK_,Ki) - J'K-,K40) Ref.
species (MHz) (MHz)
CH,CHCCCH; 8205.87 (010) 21,2 - (LY [ 71045]
8306.08 (0.10) 200,2) - 1(0, D [ 71045]
8407.04 (0.10) 2(1L, 1) - (L0 [ 71045]
12308.71 (0.10) 3(L,3)) - 212 [ 71045]
12458.68 (0.10) 3(0,3) -~ 20,2 [ 71045]
12610.44 (0.10) 3(L,2 - 201, ) [ 71045]
16411.31 (0.10) 41,4 - 3143 [ 71045]
16813.73 (0.10) 41,3 - 31,2 [ 71045]
20513.72 (010) 5(LS) - 41,4 [ 71045]
21016.46 (010) 5(1,4) - 41,3 [ 71045]
24615.90 (0.10) 6(1,6) - 51,5 [ 71045]
25219.37 (0.10) 6(1,5 - 51,4 [ 71045]
29421.74 (0.10) 7(1,6) - 61,5 [ 71045]
Table 36.2. Rotational constants for '3C isotopic
forms of cyclopropylacetylene.
Isotopic Species A (MHz) B (MHz) G (MHz)
Table 36.1. Rotational constants and dipole
moment for normal and deuterated
cyclopropylacetylene. Rotational Constants [83051]
Parameter C,H,C=CH C,H;C=CD —
CH,CH,!'3CHCCH  15538.76(3604)  3350.53(2) 3190.99(2)
(1-*%c)
A (MHz) 15722.90(133) 15653.(63)
. 1
B (MHz) 3360.006(4) 3139.67(2) CH, ' 3CH,CHCCH 15426.69(2363) 3319.58(2) 3146.32(2)
(2-13¢)
Cc (MHz) 3192.703(4) 2997.95(2)
[
ug (D) 0.891(10) CH,CH,CH'3CCH  15681.92(2400)  3334.68(2)  3170.33(2)
(4-13C)
ue (D) 0.048(10)
— 1
References [83051] [72062) CH,CH,CHC'3CH  15772.14(2171)  3254.22(2)  3097.90(1)
[72062] (5-13%c)
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TABLE 36.3. Microwave spectrum of cyclopropylacetylene C:Hs
Isotopic Frequency Unec. JK_,Ki) - J"(K-,K,0) Ref.
species (MHz) (MHz)
CH,CH:CH(CCH) 1293825  ( 0.05) 21,2 - (LD [ 72062)
( 13103.80  ( 0.05) 200,2) - 1(0, 1) [ 72062)
1327272 ( 0.05) 21,1 - 11,0 [ 72062]
19406.24  ( 0.05 ) (1,3 - 21,2 { 72062}
19651.50  ( 0.05 ) 3(0,3) - 20,2 [ 72062]
H,C—CH; 19658.18  ( 0.05 ) 3(2,2) - 22D [ 72062}
\/ 19664.80  ( 0.05) 3(2, 1) - 2020 [ 72062]
CH 19908.02  ( 0.05) 3(L,2) - 2L, [ 72062]
| 25872.90  ( 0.05 ) 41,4 - 313 [ 72062]
C 26193.97  ( 0.05) 40,4 - 3003 [ 72062]
i 26209.56  ( 0.05 ) 42,3 - 322 [ 72062}
CH 26214.59  ( 0.05) 43, 1) - 3(30) [ 72062)
26214.59 (005 ) 43,2 - 331 [ 72062)
2622620 ( 0.05) 42,2 - (2 [ 72062)
2654196  ( 0.05) H1L,3) - L2 [ 72062}
28051.36  ( 0.05) 18( 1,17) - 18( 1,18) [ 83051)
3102602  ( 0.05) 19 1,18) - 19( 1,19) [ 83051]
3411084  ( 0.05) 20( 1,19) - 20( 1,20) [ 83051]
37294.97 (005 ) 21( 1,200 - 21( 1,21) [ 83051)
CH,CH,CH(CCD) 12133.54  ( 0.05) 20L2) - LD [ 72062}
1227403 ( 0.05) 200,2) - 10, 1) [ 72062]
1241695  ( 0.05 ) ALD - 11,0 [ 72062]
18199.50  ( 0.05 ) 3(1,3) - 21,2 { 72062]
18408.02  ( 0.05) 3(0,3) - 20,2 [ 72062}
18412.89  ( 0.05) 32,2 - 220 [ 72062]
18417.59  ( 0.05) (2, D) - 2020 [ 72062]
18624.67  ( 0.05) 3(1,2) - 2L D [ 72062]
CH,CH,""CH(CCH) 32302.18  ( 0.05) 5(L,5 - 41,4 [ 83051]
3270417 ( 0.05) 502, 4 - 42,3 [ 83051]
3271122 (0.05) 5(4,1) - 44,0 [ 83051)
3271290 (0,05 ) 5(3,3) - 4(3,2 [ 83051]
3273528 ( 0.05) 5(2,3) - 422 [ 83051)
33099.62  ( 0.05) 5(1,4) - 4(1,3) [ 83051]
38758.14  ( 0.05) 61,5 - 51,5 [ 83051}
39241.85  ( 0.05) 6(2,5 - 502 4 [ 83051]
3929624  ( 0.05) 624 - 523 [ 83051]
39714.88  ( 0.05) 6(L5 - S(L4& [ 83051)
CH,"“CH,CH(CCH) 31888.41  ( 0.05) 5(1,5 - 41,4 [ 83051]
3229278  ( 0.05) 5(0,5 - 4(0, 4) [ 83051]
3232548  ( 0.05) 502, 4 - 4(23) [ 83051]
32333.81  (0.05) 5(4,1) - 4(4,0) [ 83051]
3236244  (005) 5023 - 422 [ 83051)
38261.00  ( 0.05) 61,6 - 51,5 [ 83051]
3873090 ( 0.05) 60,6 - 50,5 [ 83051]
3878690  ( 0.05) 6(2,5 - 502 4 [ 83051]
3885126  ( 0.05) 62,4 - 5023 [ 83051)
39299.92  ( 0.05) 61,5 - 51,4 [ 83051]
(EH;CHZTH(”CCH) 3210728  ( 0.05) 5(1,5 - 41,4 [ 83051]
32521.56  ( 0.05) 5(2,4) - 42 3) [ 83051)
3255405  (0.05) 5(2,3) - 42,2 { 83051]
3852422 ( 0.05) 61,6 - 51,5 { 83051)
38973.20 (005 ) 60,6 - 50 5 [ 83051]
39022.64  ( 0.05) 6(2,5 - 52 4 { 83051]
39039.00  ( 0.05) 6(3, 4 - 53,3 [ 83051)
39079.52  ( 0.05) 6(2,4 - 5273 [ 83051]
CH,CH,CH(C"CH) 31363.66  ( 0.05) (L5 - 41,4 [ 83051]
3173159 ( 0.05) 50,5 - 40,4 { 83051]
3175748  ( 0.05) 502,49 - 4(2,3) [ 83051]
31765.63  ( 0.05) 5033 - 43,2 [ 83051)
31786.68  ( 0.05) 5(2,3) - 42,2 [ 83051]
3214508  ( 0.05) 501,49 - 4(1,3) [ 83051}
3763228  ( 0.05) 61,6 - 51,5 [ 83051]
38061.62  ( 0.05) 60,6 - 50,5 [ 83051]
3810606  ( 0.05) 6(2,5 - 52 4 [ 83051)
3811633  ( 0.05) 65 1) - 55 0 [ 83051)
38117.60  ( 0.05) 6(4,2 - 541 [ 83051]
38120.38  ( 0.05) 6(3,4 - 53,3 [ 83051]
38157.09  ( 0.05) 62,4 - 5023 [ 83051]

J. Phys. Chem. Ref. Data, Vol. 18, No. 3, 1989



MICROWAVE SPECTRAL TABLES

Table 37.1. Molecular constants for
2-methyl-1-buten-3-yne.

1389

Hy
Parameter CH,=CC=CH

Rotation-Internal Rotation Constants [present]

A (MHz) 9359.699(32)
B (MHz) 4013.514(20)
C (MHz) 2854.749(11)
ayg (kHz) 15.9(12)
83 (kHz) 0.45(18)
sg  (kHz) 5.9(30)
I, (uvi?) 3.1334

8 59.22

Vy (em™®) 2016.(40)

Electric Dipole Moment [69067]

p, (D) 0.448(15)

up (D) 0.248(10)

8Assumed value.
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TaBLE 37.2. Microwave spectrum of 2-methyl-1-buten-3-yne C;sHg
Isotopic Frequency Unc. JK_,Ky) - J'"(K_1,K;1) Sym. Ref.
species (MHz) (MHz)
CH;C(CH;) CCH 10108.5 (01) 3(L,2 - 30,3 A [ 69067)
122146  (0.1) 1(1, 1) - 00,0 A [ 69067]
CH, 125780  (0.1) 21,2 - 1(LD A [ 69067]
l 13567.9 (01) 2(00,2) - MO D A [ 69067)
H,C=CCCH 14680.8 (0.1) 4(2,2) - 41,3 A [ 69067]
14895.3 (01) 2L, 1) - 1010 A [ 69067}
14955.9 (01) 5(02,3) - 51,49 A [ 69067]
15235.5 (01) 3(2,1) - 312 A [ 69067]
179240  (0.1) 21,2 - 101 A [ 69067]
18767.9 (0.1) 3(L,3) - 21,2 A [ 69067]
19942.73 ( 0.10) 8(2 6 - 8(2 7 E [ 69067]
19943.1 (01) 8(2,6) - 827 A [ 69067}
19952.3 (01) 3(0,3 - 20,2 A [ 690671
20604.5 (01) 32,2 - 2(2, ) A [ 69067]
21256.9 (01) 3(2,) - 220 A [ 690671
22228.4 (01) 3(L2 - 2L D A [ 69067]
231240  (0.1) 3(1,3 - 2002 A [ 69067]
23332.5 (o01) 8(2,6) - 81,7 A [ 690671
23332.23 ( 0.10) 8(2,6) - 81,7 E [ 69067]
23800.6 (01) 6( 1,5 - 6(0 6) E [ 69067]
238009  (0.1) 6(1,5 - 60, 6 A [ 69067
24859.8 (0.1) 41,4 - 31,3 A [ 69067
25964.7 (01) 40,4 - 30 3 A [ 69067}
27340.5 (01) 402, 3 - 3022 A [ 69067]
27767.8 (01) 43,2 - 331 A [ 69067]
27859.38  ( 0.10) 403, 1) - 3030 E [ 690671
27859.6 (01) 403, 1) - 3030 A [ 69067]
288477  (0.1) 42,2 - 320D A [ 69067)
29402.6 (01) 41,3 - 31,2 A [ 69067]
30849.6 (01) 50L,5) - 41,4 A [ 690671
30933.5 (ol) 202, 1) - 1(1,0 A [ 69067]
30961.4 (01) 5033 - 52,49 A [ 690671
31692.5 (01) 50,5 - 40 9 A [ 69067]
32261.1 (01) 2(2,0 - (L1 A [ 69067]
32268.1 (01) 6(3, 4 - 62,5 A [ 69067}
33966.5 (0.1) 5(2,4 - 42,3 A [ 69067]
34713.0 (01) 5(4,2) - 441 A [ 69067]
3471412 ( 0.10) 5(4,2) -~ 44,1 E [ 69067
34721.14  ( 0.10) 5(4,1) - 4(4,0) E [ 69067]
347224 (01) 5(4, 1) - 4(4,0 A [ 69067)
347752 (0.1) 5(3,3) - 4(3,2 A [ 69067]
35087.3 (01) 5(3,2) - 43,1 A [ 69067]
36606.2 (01) 5(2,3) - 422 A [ 69067]
36606.08 ( 0.10) 5(2,3) - 422 E [ 690671
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Table 38.1. Molecular constants for
cis~3-penten-1l-yne.
Parameter CH ,CH=CHC=CH
A (MHz) 11792.088(63)
B (MHz) 3388.222(18)
C (MHz) 2672.221(20)
Az (MHz) 0.00230(16)
Az (MHz) -0.0132(12)
83 (MHz ) 0.00088(27)
Internal Rotation Constants
I, (u d?) 3.16 (assumed)
C] 76.8(2)°
s 31.63
V; (em™) 389.3(10)
TABLE 38.2. Microwave spectrum of cis-3-pentene-1-yne CsHq
Isotopic Frequency Unc. J(K_,Ky)) -~ J"(K-,Ky1) Sym. Ref.
species (MHz) (MHz)
CH;CHCHCCH 9880.18 (0.05) 2(1L, 1) - 200, 2 A [ 71049]
12076.72 (005) 2(00,2) - 1(0, 1) E [ 71049]
12077.43 (0.05) 200,2) - 1(0, 1) A [ 710491
18006.55 (0.05) 3(0,3) - 2002 E [ 71049]
18007.53 (0.05) 30,3 - 200, 2 A [ 71049]
18182.21 (0.05) 302,22 - 2(2,)) A [ 71049]
18185.19 (005) 3(2,2) - 202, ) E [ 71049]
18351.03 (0.05) 302, 1) - 22,0 E [ 71049]
18356.41 (005) 3(2,1) - 2020 A [ 71049]
19226.25 (00s5) (L2 - LD E [ 71049]
19227.91 (0.05) 3(L,2 - 2L, ) A [ 71049]
22726.46 (005) 41,4 - 31,3 E [ 71049]
22727.19 (0.05) 41,4 - 31,3 A [ 71049]
23812.19 (0.05) 40,4 - 303 E [ 71049]
23813.31 (005) 40,4 - 300 3 A [ 71049}
24634.62 (005) 42,2 - 321 E [ 71049]
24637.25 (0.05) 42,2 - 32,1 A [ 71049)
31033.36 (005) 5(2,3) - 42 2 E [ 71049]
31036.14 (005) 52,3 - 4022 A [ 71049]
31880.08 (005) 5(L 4 - 41, 3) E [ 710491
31882.59 (0.05) 5(1, 49 - 41, 3) A [ 71049]
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Table 39.1. Molecular constants for
bicyclo{2.1.0]pent-2-ene.

— 1
Parameter CHCH=CHCHCH,
| O

Rotational Constants

A (MHz) 10811.65(11)
B (MHz) 6517.883(3)
¢ (MHz) 5216.287(3)

Dipole Moment
Ua 0.398(1) D
ue 0.025(2) D

Zeeman Constants

8aa -0.0046(18) uy
Sbb -0.0342(11) wy
gce -0.0218(12) wy
2X 32 Xbb"Xce ~14.9(11)x10" ®erg/(G% -mol)
“Xaat2Xpb~Xee 7.8(15)x10"®erg/(G%+ mol)
Reference [70064]
TABLE 39.2. Microwave spectrum of bicyclo [2.1.0]pent-2-ene C;sHs
Isotopic Frequency Unc. JK-1,Kp) - J'(K-_1,K4) Ref.
species (MHz) (MHz)
CHCHCHCHCH, 11734.19 (0.10) 1(0,1) - 0(0, 0 [ 70064]
] 1279954  ( 0.10) 41,3 - 41,4 [ 70064]
22166.75 (0.10) 20,2y - (LY [ 70064}
23214.68 (0.10) 2(0,2) - 1(0, 1 [ 70064]
HC=CH 24769.92 (0.10) 2(1, 1) - 1(1, 0 [ 70064]
| - | 33104.42 (0.10) 3(LY) - 2L 2 [ 70064}
HC—CH 34245.47 (0.10) 3(0,3) - 2(0,2) [ 70064]
\/ 35202.53 (0.10) 302,2) - 22,1 [ 70064]
CH 36159.53 (010) 3(2, 1) - 202 0 [ 70064]
2 36977.55 (0.10) (L2 - 241 [ 70064]

Table 39.1A. Molecular constants for
1,2,3~pentatriene

Parameter CH,=C=C=CHCH ,
A (MHz) 29788.(20)
B (MHz) 2212.987(5)
C (MHz) 2085.026(4)
Dy (kHz) 0.446(22)
Dg (kHz) -33.95(5)
I, (u k?) 3.102
< 44.4°
vy (em™?) 468.5(7)

Electric Dipole Moment [87021]

Hy (D) 0.50(5)

vp (D) 0.122(3)
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TABLE 39.2.a. Microwave spectrum of 1,2,3-pentatriene CsHs
Isotopic Frequency Unc. JK_ K;) - J'(K-,K,)) Sym. Ref.
species (MHz) (MHz)

CH,CCCHCH; 12702.10 (0.50) 3(L,3) - 21,2 A [ 87021]
12892.32 (0.50) 30,3 - 2(0,2 A [ 87021]
13086.13 (050) 3(L,2 - 21, D A [ 87021]
16935.46 (050) 41L4 - 313 A [ 87021]
16936.44  ( 0.50 ) 41,4 - 313 E [ 87021]
17187.55 (050) 40,4 - 30 3 A [ 87021]
17447.55 (050) 41,3 - 31,2 A [ 87021]
21168.31 (050) 51,5 - 41,4 A [ 87021]
21168.78 (050) 5(L,5 - 41,4 E [ 87021]
25400.87 (0.50) 6( 1,6 - 51,595 A [ 87021]
25772.42 (0.50) 6(0,6) - 50,5) A [ 87021]}
25787.51 (050) 6(2,5 - 5(2,9 A [ 87021]
2579400 ( 0.50 ) 6(3 3 - 5032 A [ 87021]
25794.00 (0.50) 6( 3,4 - 53,3 A [ 87021]
2579579  ( 0.50 ) 6(4,3) - 54 2 A [ 87021]
25803.00 ( 0.50 ) 6(2, 4 ~ 502 3) A [ 87021]
26168.79 (050) 6(1,5 - 514 A [ 87021]
2963240 © ( 0.50) (L7 -~ 61,6 A [ 87021]
30060.51 ( 0.50 ) 700, 7) - 6(0, 6) E [ 87021]
30060.81 (050) 7(0, 7 - 6(0,6) A [ 87021]
30084.21 ( 050 ) 702 6 - 6(2, 5 A [ 87021]
30093.50 (050) 7( 3,4 - 6(3,3) A [ 87021]
30093.50 (050) 7( 3,5 - 6(3 4 A [ 87021]
30093.50 (050) 702, 6) ~ 6(2,5) E [ 87021]
30095.35 (0.50) (4 4 - 643 A [ 87021]
30099.20 ( 0.50 ) 705 3 - 605, 2 A [ 87021]
30099.20 (050) 702,5 - 6(2 4 E [ 87021]
30103.80  ( 0.50 ) (62 - 66 1) A [ 87021]
30109.00  ( 0.50 ) 7(2,5 - 6(2, 4 A [ 87021]
30527.48 (050) (1,6) - 61,5 E [ 87021}
30528.32 (050) 7(1,6) - 61,5 A [ 87021]
33863.25  ( 0.50 ) 8( 1,8 - 71,7 A [ 87021]
3434569  ( 0.50) 80,8 - 7(0,7) E [ 87021}
3434620 (050 ) 80 8 - 70,7 A [ 87021]
34380.18 (0.50) 8 2,7 - 72 6 A [ 87021]
3439120  ( 0.50) (27 - 2 6 E [ 87021]
34393.60 (050 ) 8(3, 6 - 735 A [ 87021]
34395.15 (0.50) 8(4,5 - (4 9 A [ 87021]
34395.07 ( 0.50 ) 8(5 4 - 75 3 A [ 87021]
3440440  ( 0.50) 8(6 3 - 76 2) A [ 87021]
34405.62  ( 0.50 ) 8( 2,6 - 7(2 5 E [ 87021]
34411.09  ( 0.50 ) 87,2 - (71 A [ 87021]
34417.48 (050) 82,6 - 725 A [ 87021]
34886.13  ( 0.50 ) 81,7 - X1, 6) E [ 87021]
34887.00 (0.50) 8L, 7 - 71, 6) A [ 87021]
38093.20 (050) 91,9 - 818 A [ 87021]
38627.51 (0.50) 9( 0,9 - 8(0, 8) E [ 87021]
38627.96 (050) 9(0,9 - 80 8 A [ 87021]
38675.60  ( 0.50) 9( 2,8 - 827 A [ 87021]
38686.75 (050) 9(2,8 - 827 E [ 87021]
38693.88 (050) 903 6) - 83095 A [ 87021]
38693.88 (050) 93 7 - 8(3 6 A [ 870211
38695.00 ( 0.50) 94,5 - 84 4 A [ 87021]
38695.00  ( 0.50 ) 94,6 — 845 A [ 87021]
38699.10  ( 0.50 ) 9(5, 5 - 8(5,4) A [ 87021]
38705.19 (0.50) 9 6,4 - 8(6 3 A [ 87021]
38712.48 (050) (7,3 - 8172 A [ 87021]
3871674  ( 0.50 ) 92,7 - 8(2, 6) E [ 87021]
38721.10  ( 0.50 ) 9(8 2 - 8(8 1) A [ 87021]
3872878  ( 0.50 ) 92,7 - 82 6 A [ 87021]
39243.83 (050) 91,8 - 8L, 7) E [ 87021]
3924473 ( 0.50 ) 91,8 - 81,7 A [ 87021]
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Table 40.1. Molecular constants for trans-isoprene
(2-methyl-1,3-butadiene).

-
Parameter CH,=CCH=CH,

Rotational Constants [present]

A" (MH2) 8527.025(7)
B" (MHz) 4175.529(17)
c" (MHz) 2852.170(6)
7, (kHz) ~29.4(3)

T,  (kHz) -6.64(96)
t,  (kHz) 100.7(102)
Thbbb (KH2) -4.97(82)

Derived Constants

Dy  (kHz) 6.22(52)
Dyy  (kHz) 5.49(53)
83 (kHz) 0.31(5)

Internal Rotation Constants [69058]

I, (ui?) 3.132
8 6.1730
Ve  (em™!) 917.(35)

Electric Dipole Moment [64028]

Yy (D) 0.035(2)
g (D) 0.25(1)

Magnetic Constants [70065]

8aa -0.0621(13) wy

gbb -0.0339(16) uy

Bec 0.0080(16) uy
2Xaa"Xbb~Xce 16.7(12)x107 ®erg/(G?+mol)
2Xpb~Xaa Xce 19.2(10)x10" ®erg/ (G2 mol)
Qaa 1.7(2.2)x10" 2%esu+cm?
Qpp 3.3(2.3)x107 2®esu-cm?
Qe -5.0(3.2)x10"*fesu-cm?
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TABLE 40.2. Microwave spectrum of isoprene CsH;
Isotopic Frequency Unc. J K _,Ky) - J"(K_,Ky) Ref.
species (MH?z) (MHz)

t-CH,C(CH;)CHCH, 16189.000 ( 0.100) 6(2,4) - 6(1,5 [ 69058]
17083.468 ( 0.007) 2(1,2 - 1(0, 1 [ 70065]

20473.700 ( 0.100) 72,5 - 11,6 [ 69058]

22236.310 ( 0.070) 3(L3) - 202 [ 70065]

22694.040  ( 0.050) 43, 1) - 402 2 [ 64028]

24013.660  ( 0.050) 33,0 - 321 [ 64028]

24734.710 ( 0.100) 100 4,6) - 10(3,7) [ 64028]

25048.550 ( 0.100) 1H(4, 7 - 11(3, 8 [ 64028]

25214.870 ( 0.100) 303, 1) - 3(2,2) [ 64028]

25619.790 ( 0.100) 502,49 - 51,5 [ 64028]

25852.100 ( 0.050) 4032 - 42 3 [ 64028]

26022.200 ( 0.100) 94,5 - 93,06 [ 64028]

26169.410 ( 0.100) 82,6 - 8L1L,7 [ 64028]

26261.080 ( 0.100) 1003, 7) - 10( 2, 8) [ 64028]

27027.700  ( 0.200) 5(3,3 - 524 [ 64028]

27158.000 ( 0.050) 41,4 - 300 3 [ 64028]

27349.430 ( 0.100) 12( 4,8 - 12(3,9 [ 64028]

28433.200 ( 0.008) 202, 1) - (1,0 [ 700651

30014.840 ( 0.030) 2(2,0 - 1(1, D [ 70065]

32217.260  ( 0.050) 1103, 8 - 11(2 9 [ 64028]

32717.030  ( 0.050) 92,7 - 91,8 [ 64028]

38201.000 ( 0.100) 8 1,7 - 8(0 8) [ 69058]

39172.800 ( 0.100) 12( 3, 9) - 12( 2,10) [ 69058}

39487.400 ( 0.100) 10(2,8 - 10(1, 9 [ 69058]
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Table 41.1. Molecular constants for 3-methyl-1l-butyne
(isopropyl acetylene).

HC=CCH(CH,), HC=CCH(CH, ),
Parameter {Present] Parameter [73079]
A" (MHz) 7969.49123(2168) A (MHzZ) 7969.48(2)
B" (MHz) 3828.80099(293) B (MHz) 3828.801(2)
c" (MHz) 2833.23999(258) ¢ (MHz) 2833.216(2)
T, (MHz ) -50.1343(10727) Dy (MHz) -2.29(17)x107?
T, (MHz) -10.6737(3265) Dyx (MHz) -71.0(35)x107°
.2 (MHz) 202.82(8) Dy (MHz) -0.1128(38)
Taaaa (MHz) -22.248(3856) Dyj (MHz) 0.89(4)x107®
Tppbp (MHZ) -4.43347(23010) Dy (MHz) 23.2(10)x107¢
Tecee (MHZ) -0.83960(28223)

Electric Dipole Moment

uy (D) 0.684(8)

ue (D) 0.227(4)

3The value of t1, is fixed by setting Ry = 0.

Table 41.2. Rotational constants for the excited vibrational states
and isotopic species of 3-methyl-l-butyne. [73079]

Species A (MHz) B (MHz) ¢ (MHz)

(CH, ) ,CHCCH v, , 8035.7(5) 3833.19(2) 2837.93(2)
(CH,) ,CHCCH v, , 7963.4(11) 3825.45(4) 2830.30(3)
(CH,) ,CHCCH  v,, 7916.7(4) 3840.43(2) 2832.66(2)
(CH,) ,CHCCD 7957.2(5) 3553.60(1) 2681.19(1)
13CH,(CH4)CHCCH 7776.4(12) 3791.51(4) 2788.91(4)
13CH, (CH, )CHCCD 7763.0(7) 3519.01(2) 2640.07(2)
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TABLE 41.3. Microwave spectrum of 3-methyl-1-butyne CsH;
Isotopic Frequency Unc. JK LK) - J'(K_,K.) Vib. Ref.
species (MHz) (MHz) state
HCCCH(CH3), 9191.84 (005) 936 - 937D [ 730791
9212.10 (005) 21( 7,14) - 21( 7,15) [ 73079]
9495.56 (005) 37(12,25) - 37(12,26) [ 73079]
9662.71 (005) 18( 6,12) - 18( 6,13) [ 73079]
9762.66 (005) 12( 4,8 - 12(4 9 [ 73079]
9878.95 (005) 15( 5,100 - 15( 5,11) [ 73079]
12316.45 (0.10) 21,2 - (LD lvy, [ 73079]
12328.44 (005) 2(1,2 - (LD [ 73079]
12338.49 (010) 20,2 - (LD lvy, [ 73079]
12347.50 (0.10) 201, 2 - (LD lvyg [ 73079]
13152.73 (0.10) 200,2) - (O D tvy [ 73079]
13165.12 (005) 200,2) - 10D [ 73079]
13181.40 (0.10) 2(0,2) - 10 D tvy [ 73079)
13185.60 (0.10) 2(0,2) - IO D 1vig { 73079]
13698.44 (005) 25( 8,17) - 25( 8,18) [ 73079]
14046.18 (005) 10( 3, 7) - 10( 3, 8 [ 73079]
14306.83 (0.10) LN - (1,0 lvy, [ 73079]
14319.54 (005) LD - 1(1,0 [ 73079]
14337.59 (0.10) 2L - 1L 0 lvyg [ 73079]
14354.05 (0.10) 2L 1D - (L0 Tuy [ 73079]
14483.38 (005) 22( 7,15y - 22( 7,16) [ 73079]
14912.90 (005) 13( 4, 9) - 13( 4,10) [ 73079]
14987.18 (005) 38(12,26) - 38(12,27) [ 73079]
15013.64 (005) 19( 6,13) - 19( 6,14) [ 73079]
16492.40 (005) 35(11,24) - 35(11,25) [ 73079]
17672.43 (005) 8(2,6) - 827 [ 73079]
18382.19 (010) (1,3 - 21,2 luy, [ 73079]
18400.14 (0.05) 3(L3) - 21,2 [ 730791
18411.92 (010) (L3 - 21,2 luy, [ 730791
18429.21 (0.10) (L3 - 21,2 lvyg [ 73079]
19270.66 (005) 29( 9,200 - 29( 9,21) [ 73079]
19356.99 (010) 3(0,3 - 20,2 lvy [ 73079]
19375.50 (005) 30,3 - 2002 [ 73079]
19387.25 (0.10) 30,3 - 20,2 tvy [ 73079]
19410.52 (0.10) 30,3 - 20,2 v [ 73079]
19804.13 (005) 11( 3, 8) - 11( 3, 9) [ 73079]
19967.23 (0.10) 3(2,2) - 22,1 Tvy [ 73079]
19985.73 (005) 3(2,2) - 22,1 [ 73079]
20013.20 (010) 3(2,2) - 22,1 lvyg [ 73079]
20019.11 (010) 32,2 - 22,1 Ty [ 73079]
20399.12 (005) 26( 8,18) - 26( 8,19) [ 73079]
20577.23 (010) 3(2, 1) - 220 lvy [ 73079]
20596.18 (005) 3(2, 1) - 220 [ 73079]
20616.10 (0.10) (2, ) - 220 1vys { 73079]
20651.26 (0.10) 3(2, ) - 220 Ty [ 73079]
21097.58 (005) 14( 4,10) - 14( 4,11) [ 73079]
21241.86 (005) 23( 7,16) - 23( 7,17) [ 73079]
21351.52 (0.10) 3(1L,2 - 21, D lvy [ 73079]
21370.70 (00s) 31,2 - 214,10 [ 73079]
21399.29 (010) (LY - 2L D lvig [ 73079]
21418.07 (0.10) 3(1L,2 - 21,10 1y, [ 73079]
21692.90 (005) 17( 512) - 17( 5,13) . [ 73079]
21705.95 (005) 20( 6,14) - 20( 6,15) [ 730791
23463.37 (005) 92,7 - 9238 [ 73079]
24357.57 (010) 41,4 - 31,3 luy [ 730791
24381.54 (005) 41L,4 - 3(L3 [ 730791
24392.33 (010) 41,4 - 3L 3 lva, [ 730791
24421.95 (0.10) 41,4 - (L3I lvyg [ 73079]
25066.38 (005) (1,6 - (1,7 [ 73079]
25229.96 (0.10) 40,4 - 3003 lvy [ 73079]
25254.89 (005) 40,4 - 300, 3 [ 73079]
25255.50 (010) 40,4 - 3003 lvy, [ 73079]
25306.02 (010) 40,4 - 3003 1y [ 73079]
26523.24 (00s5) 42,3 - 3022 [ 73079]
27417.30 (0.05) 30( 9,21) - 30( 9,22) [ 73079]
30271.75 ( 0.05) 5(1,5 - 41, 4) [ 73079]
30904.28 (005) 5(0,5 - 40 4 [ 73079]
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TABLE 41.3. Microwave spectrum of 3-methyl-1-butyne C;sH;
Isotopic Frequency Une. JEK ,Ky) - J'"(K.,Ky) Vib. Ref.
species (MHz) (MHz) state
31726.59  ( 0.05) 40(12,28) - 40(12,29) [ 73079]
32957.16  ( 0.05) 502, 4 - 423 [ 73079]
33707.38  ( 0.05) 5(3,3) - 4(3,2) [ 73079]
3492940 ( 0.05) 5(L,4 - 41,3 [ 73079]
DCCCH(CH3), 11597.26  ( 0.05) 2(1L,2 - (L1 [ 73079]
12352.45 (005) 2(0,2) - 1(O 1) [ 73079]
13342.11 (005) 20L 1) - (1,0 [ 73079]
17326.93 (005) 3(L3) - 2L [ 73079]
18248.91 (005) 3(0,3) - 2(0,2 [ 73079]
1870440  ( 0.05) 3(2,2) - 22,0 [ 73079]
1915990 ( 0.05) 302, 1) - 2(2 0 [ 73079]
1993419  ( 0.05) 3(L,2 - 204 Y [ 73079]
22986.83 (0.05) 4L 4 - 31,3 [ 73079]
2387536  (0.05) 40,4 - 300 3 [ 73079]
2484735  ( 0.05) 42,3 - 322 [ 73079]
25146.66  ( 0.05) 403,2) - 330 [ 73079]
2520558 (0.05) 431D - 330 [ 73079]
2591064  ( 0.05) 402,2) - 3021 [ 73079]
2641743 ( 0.05) 4143 - 31,2 [ 73079]
HCCCH("*CH;)(CH;) 19103.66  ( 0.10) 3(0,3) - 20,2 [ 73079]
21130.99 (0.10) 3(L,2 - 2140 [ 73079]
24029.73 (0.10) 41,4 - 3(L,3 [ 730791
24875.35 (0.10) 40,49 - 3003 [ 73079]
26191.10 ( 0.10 ) 42,3 - 3(2 2 [ 73079]
DCCCH(*CH;}(CH;) 19712.79 (0.10) 3(L2 - 21,0 [ 73079]
2266199  (0.10) 41,49 - 31,3 [ 73079]
2352899  ( 0.10) 40,4 - 300 3 [ 73079]
24540.12 (0.10) 4(2,3) - 3022 [ 73079]
25646.71 (0.10) 42,2 - 320 [ 73079]
2611332 (0.10) 413 - 312 [ 73079]
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Table 42.1. Molecular constants for the ground vibrational
state of trans- and gauche-l-pentyne.
Parameter trans-1-pentyne gauche-1-pentyne

Rotational Constants [present]

A" (MHz) 23382.(66) 9921.
B" (MHz) 2230.560(15) 3172.
c" (MHz) 2116.362(15) 2634,
T, (MHz) 0.0423(75) 0
T, (MHz) 0.00247(53) 0
1,2 (MHz) 0.6(8) 0
Taaaa (MHZ) T -0
Tppbb (MHZ) -0.00166(70) -0
Tecee (MHZ) -0.00149(65) -0

Centrifugal Distortion Constants [71046]

Dy  (MHz) 0.00038(4) 0
Dyjx  (MHz) -0.013(1) -0
Dg (MHz) --- ]
Electric Dipole Moment [71046]

Uy (D) 0.8385(5) 0
My, (D) 0.158(7) 0
ue (D 0

116(21)
7689(36)

0128(36)

.03355(90)
.002203(202)
.472(6)
.1777(116)
.018440(115)

.004336(140)

-0022(3)
.016(2)

.45(5)

.687(2)
.317(4)

.07(2)

3The value of 1, is fixed by setting R, = 0.
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trans- and gauche-l-pentyne. [72063]
Vibrational
Species State? A (MHz) B (MHz) C (MHz) E (cm™ 1)
trans-1-pentyne vys=1 (22200) 2231.75 2121.08 106(10)
Vg,=2 (21500) 2233.09 2125.94 213(25)
V33 (20500)  2234.66  2130.97  330(30)
vy 4=h (19500)  2236.32  2136.16  426(30)
Vy,=1 (23800) 2235.63 2118.28 166(15)
vy,=2 (23900)  2240.58  2120.13 ---
V33=l,v;,=1 (22700) 2236.33 2123.07 ---
vy =l (23000)  2228.39  2114.99  253(20)
vyy=l,vy =1 (20400)  2229.88  2119.39 ---
gauche-1-pentyne vy=1 9974.64 3165.12 2629.18 114(10)
Vy3=2 10032.33 3156.99 2624.26 223(25)
Vsy=3 10092.15  3148.34  2619.26  323(30)
vy4=h (10163)  3138.43  2613.71  425(30)
Va,=1 9948.04 3175.51 2634.81 177(15)
V4,=2 (9968)  3178.12  2635.47 -
V33=l,v,,=1 10000.17 3167.50 2629.93 ---
vy, =1 9881.04 3174.83 2634.09 250(2Q)

3The vibrational modes are: vy, (C,-C, torsion), v,, (C-C=C bend) and

vy, (methyl internal rotation).
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MICROWAVE SPECTRAL TABLES 1401

TABLE 42.3. Microwave spectrum of 1-pentyne CsHg
Isotopic Frequency Une. JK_,Ke) - J'K_,Ky) Vib. Ref.
species (MHz) (MHz) state

g-CHCH,CH,CCH 8768.50 (0.10) 3(1,2 - 30,3 [ 71046]
10084.55 (0.10) 401,3) - 40 4 [ 71046]
10120.25 (0.10) 41,3 - 40 4 1vy, [ 72063]
10122.95 (0.10) 4(1,3) - 40 4 1vy; { 72063]
11074.77 (0.10) 21,2 - (LD [ 71046]
11582.48 (010) 200,2) - 1(0 D) [ 71046]
11589.40 (0.10) 2(0,2) - 1(0, 1) 1vy, [ 72063]
11810.61 (010) 501, 4 - 402 3 [ 72063]
11857.64 (0.10) 5(1,4 - 50, 5) lvy [ 72063]
11874.15 (0.10) 501,49 - 50, 5) [ 71046]
11898.20 (0.10) 5(1,4 - 50, 5) lvs [ 72063]
11916.45 (0.10) 5(1,4 - 50 5) lvy, [ 72063]
11922.78 (0.10) 5(1L, 4 - 50,5 2vs33 [ 720631
11945.35 (0.10) 5(1,4) - 50,5 3vy [ 72063}
12095.20 (0.10) 20, ) - (1,0 2v33 [ 72063]
12124.46 (0.10) 201, - 11,0 vy [ 72063]
12152.19 (0.10) 201, D) - 1(1,0 [ 71046]
12158.56 (0.10) 21, D - 1(1,0 vy, [ 72063}
12161.30 (0.10) 2L, 0D - (1,0 1vy, [ 72063]
12555.12 (0.10) 1(1, 1) - 0(0, 0 [ 72063]
14193.40 (010) 6(1,5 - 6(0 6) vy [ 72063]
14196.15 (010) 6(1,5 - 6(0, 6) [ 72063]
14201.46 (010) 6( 1,5 - 60, 6) lvy; [ 72063]
14204.87 (0.10) 6( 1,5 - 60 6) 2v33 [ 72063]
16526.44 (0.10) (L3 - 212 2vs; [ 72063]
16560.41 (0.10) (L3 - 21,2 1vy; [ 72063]
16593.31 (0.10) 3(L,3) - 21,2 [ 71046]
16601.03 (010) (LY - 21,2 lvy, [ 72063]
17039.24 (010) 7(1,6) - 70, 7) vy [ 72063]
17060.75 (0.10) 7(1,6) - 70,7 1vy [ 72063]
17077.75 (0.10) 7(1,6) - 70,7 [ 72063]
17139.20 (0.10) 7(1,6) - 70, 7) lvy; [ 72063]
17225.03 (0.10) 3(0,3 - 20,2 2vss [ 720631
17261.72 (0.10) 30,3 - 20,2 1vy [ 72063}
17296.83 (0.10) 30,3 - 20,2 [ 71046}
17301.65 (0.10) 3(0,3) - 20,2 1vy [ 72063]
17307.04 (0.10) 3(0,3 - 20,2 1vy, [ 72063]
17385.64 (0.10) 40,4 - 3L 3 [ 72063]
17420.52 (0.10) 302,2) - 22,1 [ 71046]
17538.13 (010) 72,5 - 71,6 [ 72063]
17543.60 (0.10) 3(2,1) - 220 [ 71046]
17713.02 (0.10) 6(2, 4 - 61,5 [ 72063]
17786.38 (0.10) 8(2,6 - 81,7 [ 72063]
17823.15 (0.10) 2(1,2 - 101 [ 72063]
18024.05 (010) 3(1L,2 - 21,1 4y, [ 72063]
18077.38 (010) 3(1,2) - 2410 vy [ 72063]
18123.42 (010) 3(L,2) - 2L 1D 2vy; [ 72063]
18166.97 (0.10) (L2 - 2L D vy [ 72063]
18178.72 (0.10) 3(L,2 - 2L D lvy, lvy [ 72063]
18202.18 (0.10) 5(2,3) - 51,4 [ 72063]
18208.31 (0.10) 3(1,2 - 2L 1 [ 71046]
18217.38 (0.10) 3(1L,2) - 2L 1) vy [ 72063]
18221.71 (010) 31,2 - 2L 1 lvsy, [ 72063]
18234.40 (0.10) 3(L2 - 2L 2vy; [ 72063)
18483.14 (0.10) 92,7 - 91,8 1vy, [ 72063}
18545.57 (0.10) 92,7 - 91,38 [ 71046]
18612.19 (010) 92,7 - 91,8 lvy, [ 72063]
18638.83 (0.10) 927 - 918 tvy; [ 72063]
18805.36 (0.10) 1002,9 - 93,6 [ 72063]
18879.00 (0.10) 42,2 - 41,3 [ 72063]
18890.46 (0.10) 81,7 - 81,8 [ 72063]
19102.56 (0.10) 12( 2,100 - 12( 2,11) [ 72063]
19610.92 (010) 3(2,1) - 31,2 [ 72063]
19886.12 (010) 10(2,8 - 10(1,9 [ 720631
19939.97 (0.10) 1002, 8 - 1001, 9 1vs; [ 72063)
19957.53 (0.10) 1002,8 - 10(1,9 lvy, [ 72063]
20275.50 (010) 2(2,0 ~ 20,1 [ 72063]
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1402 F.J. LOVAS AND R. D. SUENRAM

TaBLE 42.3. Microwave spectrum of 1-pentyne — Continued CsH;
Isotopic Frequency Unc. J'(K-,Ky) - J'(K-1,KL) Vib. Ref.
species (MHz) (MHz) state
20410.72 (0.10) 8 1, 7) - 80, 8 2v; [ 72063]
20458.28 (010) 81,7 - 80 8 lvys [ 72063]
20498.22 ( 0.10) 81,7 - 80 8 [ 72063]
20572.07 ( 0.10) 8 1, 7) - 80 8 vy, [ 72063)
2185638 ( 0.10) 11( 2, 9) - 11( 1,10) vy [ 72063]
21859.39 (0.10) 1102, 9) - 11 1,10) [ 72063]
21860.60 ( 0.10) 202, 1) - 21,72 [ 72063]
21867.55 (0.10) 11( 2, 9) - 11( 1,10) v [ 72063]
21875.55 (0.10) 112, 9 - 11 L10) 2vy [ 72063]
21879.41 (0.10) 11( 2, 9) - 11( 1,10) 3vy [ 72063]
2190494  ( 0.10) 41,4 - (L3I 4y [ 72063]
21936.91 (0.10) 11 2, 9) - 11( 1,10) lvy, [ 72063]
21956.64 ( 0.10) L4 - 3L, 3y, [ 72063}
22002.66  ( 0.10) 41,4 - 31,3 2v;3 [ 72063]
22047.32 (0.10) 41,4 - 31,3 lvy [ 72063)
22056.41 (0.10) 4L 4 - 31,3 vy, luy [ 72063]
22090.59  ( 0.10) 41,4 - 313 [ 71046]
22094.37 (0.10) 4L 4 - 3(1L3 luy [ 72063}
22100.62  ( 0.10) 41L,4 - 3L, vy, [ 72063]
22109.54  ( 0.10) 41,4 - 31,3 vy [ 72063}
22687.80  ( 0.10) 3(2,2) - (L3 [ 72063]
22729.66 ( 0.10) 4(0, 4 - 300, 3 4vy, [ 72063]
22783.98 (0.10) 400, 4) - 300, 3 vy [ 72063]
22832.14  ( 0.10) 40,4 - 303 2vy [ 72063)
22833.98 (0.10) 3(1L,3) - 20,2 [ 72063]
22878.19  ( 0.10) 40 4 - 30 3 1vy [ 72063)
22922.71 (0.10) 40,4 - 303 [ 71046)
2292728  (0.10) 40,4 - 300 3 vy [ 72063]
22947.37 (0.10) 40,4 - 303 PAYEY) [ 72063}
2298649  ( 0.10) 42,3 - 3022 4ys; [ 72063]
2304762 (0.10) 42,3 - 3272 vy [ 72063]
2310172 ( 0.10) 402,3) - 3022 pAV [ 72063]
2315342 (0.10) 42,3 - 322 1vs; [ 72063]
23202.91 (0.10) 402,3) - 3022 [ 71046)
2321109 (0.10) 402, 3) - 322 vy [ 72063]
2321696  ( 0.10) 402, 3 - 3022 vy, [ 72063}
2326459  (010) 42,2 - 320 4y;; [ 72063)
23333.25 (0.10) 42,2 - 3(2 1 3y [ 72063]
23393.83 (0.10) 402,2) - 32,1 2vs3 [ 72063]
2345154  ( 0.10) 402,2) - 3021 lvy [ 72063}
23506.62  ( 0.10) 42,2 - 32,1 [ 71046]
2351872 ( 0.10) 4(2,2) - 321 lvy, [ 72063]
23521.72 ( 0.10) 42,2 - 3(2 1) lvy, [ 72063]
23536.18  ( 0.10) 402,2) - 3021 pAVS [ 72063]
2369742  (0.10) 13( 2,11) - 13( 2,12) [ 72063]
2373706  ( 0.10) S(O0, 5 - 41, 4 [ 72063]
23800.19  ( 0.10) 402,3) - 41,49 [ 72063}
23997.56  ( 0.10) 41,3 - 3L 2 4vs; [ 72063]
2406642  ( 0.10) 41,3 - (L2 3vy [ 72063)
24126.83 (0.10) 41,3 - 3142 vy [ 72063]
24184.01 (010) 413 - 31,2 lvys [ 72063]
24199.67 (0.10) 41,3 - 31,2 lvy, luy [ 72063)
2423850 (0.10) 41,3 - 3L, 2 { 71046]
24250.05  ( 0.10) 41,3 - 3(L1L,2 lvs [ 72063]
24256.22 (0.10) 41,3 - 31,2 vy [ 72063]
2427294  (0.10) 41,3 - (L2 2vy, [ 72063}
24449.03 (0.10) 12( 2,100 - 12( L,11) lvy [ 720631
24490.71 (010) 12¢ 2,100 - 12( L,11) [ 72063)
26371.18 (010 ) (L6 - 625 [ 72063]
2733400 (0.10) 501,35 - 41,4 4vy; [ 72063)]
2739747  (0.10) 51,5 - 4L4 3vy [ 72063}
27453.88 (0.10) (1,5 - 41,4 233 [ 72063]
27508.85  ( 0.10) 51,5 - 41,4 1vss [ 72063]
27520.04 (0.10) 5(1,5 - 41,4 lvy, Ly, [ 720631
27562.11 ( 0.10) 5(1,5 - 41,4 [ 72063]
27566.17  ( 0.10) 5(1,4) - 41, 4 vy [ 72063])
2757439  ( 0.10) 5(1,5 - 41,4 lvy, [ 72063]
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MICROWAVE SPECTRAL TABLES 1403

TABLE 42.3. Microwave spectrum of 1-pentyne — Continued C:H;
Isotopic Frequency Unc. JK_,K) - J'K_,Kyp) Vib. Ref.
species (MHz) (MHz) state
27582.03 (0.10) 15( 3,12) ~ 15( 2,13) [ 72063]
28389.85 (0.10) 5(0,5 - 40 4 lvs; [ 72063)
28441.98 (0.10) 5(0,5 ~ 40 4 [ 72063]
28457.48 (0.10 ) 5(0,5 - 40 4 vy [ 72063]
28639.30  ( 0.10) 10( 1, 99 - 10( 0,10) [ 72063]
28839.55 (0.10) 5(2, 4 -~ 423 2vy [ 72063]
28885.06 ( 0.10) 72,6 - (LT [ 72063]
2890336 (0.10) 502, 4 - 423 lvss [ 72063]
28964.55 (0.10) 5(2,4) - 42,3 [ 71046]
2912940 ( 0.10) 5(3,3 - 43,2 [ 72063]
29152.50 ( 0.10) 5(3,2) - 430D [ 72063]
29554.87 (0.10) 5(2,3) - 42,2 [ 71046]
29571.92 (0.10) 5(2,3) - 422 vy [ 72063]
2957436  ( 0.10) 52,3 - 422 1vs, [ 72063]
29936.83 (0.10) S(L,4) - 413 4vy [ 72063]
3002094 ( 0.10) S5(1L,4) - 41,3 3vss [ 72063]
30095.05 (0.10) S(L,L4) - 4L3 2v3 [ 72063]
30165.08 (0.10) 5(1,4 - 413 lvss [ 72063]
3018444  (0.10) S5(1, 4 - 4(1,3) vy, lvn [ 72063]
30231.73 (0.10) 5(L, 4 - 44143 [ 72063]
3024530 (0.10) 5(1,4) - 41,3 lvyy [ 72063]
30253.65 (0.10) 5(1,4 - 41,3 vy, [ 72063]
32736.35 ( 0.10 ) 6(1,6) - 51,5 4vy [ 72063]
32810.93 (0.10) 6(1,6) - 51,5) 3vss [ 72063]
32877.51 (0.10) 6(1,6) - 51,5 2v3 [ 72063]
32942.15 (0.10) 6(1,6) - 51,5 lvy { 72063]
32955.45 (0.10) 6(1,6) - 51,5 lvy, lvy [ 72063]
3300494 (0.10) 6(1,6) - 51,5 [ 72063]
33009.05 (0.10) 6(1,6) - 51,5 lvy [ 72063]
33019.48 (0.10) 6(1,6) - 51,5 lvy, [ 72063]
33032.26 (0.10) 6(1,6) - 51,5 2v3, [ 72063]
33045.15 (0.10) 11( 1,100 - 11( 0,11) lvs [ 72063]
33125.78 (0.10) 11( ,10) - 11( 0,11) [ 72063]
33670.19 (0.10) 6(0,6) - 50 5 3vs [ 72063]
33692.72 (0.10) 6(3,3) - 62 4 [ 72063]
33703.17 (0.10) 92,8 -~ 91,9 [ 72063]
33732.81 (0.10) 6(0,6) - 50,5 2vy3 [ 72063]
33793.36 (0.10) 6(0,6) - 50,5 lvy [ 72063]
33808.69 (0.10) 8(CL 7 -~ 726 [ 72063)
33809.49 (0.10) 6(0,6) - 5095 lvy, lvy, [ 72063]
33852.13 (0.10) 6(0,6) - 50,5 [ 72063]
3385340 (0.10) 6(0,6) - 50 5 lvy [ 72063)
33869.71 (0.10) 6(0,6) - 5005 lvs, [ 72063])
33884.89 (0.10) 6(0,6) - 505 vy [ 72063}
34700.28 (0.10) 6(2,5 - 52 4 [ 72063}
34711.13 (0.10) 6(2, 5 - 52 4 1vy [ 72063}
34720.98 (0.10) 6(2,5 - 52 9 vy, [ 72063]
3498096 ( 0.10) 6( 3,4 - 5033 [ 72063]
3504232 (0.10) 6(3,3) - 53,2 [ 72063]
35501.43 (010) 15( 3,13) - 14( 4,10) [ 72063]
35503.53 (0.10) 6(2, 4 - 5023 2vu3 [ 72063]
35596.70  ( 0.10) 6(2,4) - 523 1vyy [ 72063]
35617.76 (0.10) 6(2,4) - 5023 lvy, lvy, [ 72063]
35685.33 (0.10) 6(2,4) - 523 [ 72063]
35707.62 (0.10) 6(2, 4 - 5023 vy [ 72063]
35709.52 (010) 6(2,4) - 5023 lvy [ 72063]
36174.52 (010) 6(1,5 - 51,4 [ 72063)
36189.16 (010) 6(1,5 ~ 51,4 1vy [ 72063}
36200.48 (0.10) 6(1,5 - 51,49 1vy, [ 72063]
t-H;CH,CH,;CCH 8579.72 (010) 20,2 - 1(L D [ 72063]
8693.36 (0.10) 200,2) - 1(0, D) [ 71046}
8705.28 (0.10) 200,2) - 1(0, 1) lvy [ 72063]
8808.11 ( 0.10) 2L 1D - 1(10 [ 72063]
12859.73 (010) 3(L,3) - 21,2 lvy [ 72063]
12869.32 (010) 31,3 - 21,2 [ 71046]
12881.82 (0.10) (L3 - 2L lvy, lvy [ 72063]
12885.50 ( 0.10) (L3 - 21,2 1vy, [ 72063]
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TABLE 42.3. Microwave spectrum of l-pentyne — Continued CsHg
Isotopic Frequency Unc. J(K_,Ky) - J'(K_u.K,) Vib. Ref.
species (MHz) (MHz) state
12892.30 ( ) (L3 - 212 1vss [ 72063]
12908.13 (0.10) (LY - 21,2 lvy,, lvy [ 72063}
12916.15  ( 0.10) (L3 - 21,2 vy [ 72063]
1294107  ( 0.10) (14,3 - 212 3vy [ 72063}
1302838 ( 0.10) 3(0,3) - 20,2 vy [ 72063)
1303887  ( 0.10) 3(0,3) - 202 [ 72063]
13056.68  ( 0.10 ) 30,3 - 20,2 vy [ 72063]
13059.81  ( 0.10) 30,3 - 20,2 vy [ 72063]
13211.74 (0.10) 30,2 - 214,10 [ 71046}
13224.27 (0.10) (L2 - 21,0 tvy [ 72063]
13237.56 (020) (L2 - 21,0 P [ 72063]
13237.56 (0.20) (L2 - 21,1 lvy, [ 72063]
17145.89 (0.10) 41L4 - (L3 lvy [ 72063]
1715842 ( 0.10 ) 41,4 - 3(1,3) [ 71046]
17180.08 (0.10) 41,4 - 31,3 lvy, [ 720631
17189.12  ( 0.10) 41,4 - 3(1,3) vy [ 72063}
17210.25 (0.10) 41, 4 - 31,3 vy, lvy [ 72063]
17221.07 (0.10) 41L,4 - 3(1L3 2vy [ 72063]
17254.19 (0.10) 41,4 - (L3 vy [ 72063]
17288.90 (0.10) 41,4 - 3(4L3 4vy [ 72063]
17383.10 (0.10) 40,4 - 300 3 [ 71046]
17599.48 (0.10) 41,3 - 31,2 lvy [ 72063]
17615.27 (0.10) 41,3 - 31,2 [ 71046]
1763178 ( 0.10) 41,3 - 31,2 vy [ 72063]
17649.58 (020) 41,3 - 31,2 2vy [ 72063]
17649.58 (020) 41,3 - 31,2 vy, [ 72063]
17663.34 (0.10) 41,3 - 312 vy, vy [ 72063]
17668.98 (010) 41,3 - 3L, 2 3vs [ 72063]
21431.54  ( 0.10) 5(1,5 - 4(1,4) vy [ 72063]
21447.14 (0.10) 5(1,5) - 41,4 [ 71046]
21467.91 (0.10) S(1L,S) - 41, 4 vy, lvy { 72063]
21474.26 (0.10) 51,5 - 41, 4) lvy, [ 72063]
21485.44 (0.10) 5(1,5 - 41,4 1vsy [ 72063]
21500.25 (0.10) (LS - 41,4 vy, [ 72063]
21511.90 (010) S(L,S) - 41,4 vy, vy [ 72063]
21525.47 (0.10) 5(1,5) - 4(1, 4) 2v3 [ 72063]1
21566.96  ( 0.10) 5(1,5 - 41,4 3vs [ 72063]
21610.32 (0.10) SC(L 5 - 41,4 4vy; { 72063]
21707.80 (0.10) 5(0,5 - 400, 4 lvy [ 72063]
21725.31 (010) 50,5 - 40 4 [ 71046]
21734.04 (0.10) 502,49 - 42,3 [ 71046}
21743.17 (0.10) 5(2,3) - 4272 [ 71046]
21755.04 (0.10) 5(0,5 - 40, 4 1vy, [ 72063]
21760.17 (0.10) 5(0,5 - 400, 4 1vy, [ 72063]
21772.25 (0.10) 5(2,3) - 42,2 lvg [ 720631
2178641  ( 0.10) 50,5 - 40 4 2v3; [ 72063)
21787.84  ( 0.10) 50,5 - 4(0, 4) vy, lvg [ 72063]
21854.28 (0.10) 5(0,5 - 40, 4 4vsy [ 72063]
21998.45 (0.10) 5(1,4) - 41,3 vy [ 720631
22018.18 (0.10) 5(1, 4 - 4(1,3) [ 71046]
22038.86 (0.10) 501, 4 - 41,3 lvy; [ 72063]
22061.06 (030) S(1L,4) - 41,3 2uy, [ 72063]
22061.06 (030) 51,4 - 4(1,3) lvy, [ 72063]
22078.27 (010) 51,4 - 4(1,3) 1vy, vy [ 72063]
22085.37 (0.10) S(1,4) - 41, 3) 3y [ 72063]
22102.49 (0.10) 51,4 - 41,3 2vy; [ 72063}
22111.18 (0.10) 501, 4 - 4(1,3) dvy; [ 72063]
25716.40 (0.10) 6(1,6) - 51,5) lvy [ 72063]
25735.28 (010) 6(1,6) - 51,5 [ 71046]
25767.65  ( 0.10 ) 6(1,6 - 51,5 lvs [ 72063]
25781.29 (0.10) 6(1,6) - 51,5) lvss [ 72063]
25798.99 (0.10) 6(1,6) - 51,5) 2vy, [ 72063]
25813.03 (0.10) 6(1,6) - 51,5 lvyy, lvy [ 72063]
25829.30 (0.10) 6(1,6) - 51,5) 2vs [ 72063]
25879.03  ( 0.10 ) 61,6 - 51,5 3vy [ 72063)
25931.16 (0.10) 61,6 - 51,5 4vy; f 72063]
26044.24 (0.10) 6(0,6) - 50, 5) lvy, [ 72063]
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TasLE 42.3. Microwave spectrum of 1-pentyne — Continued CsHs
Isotopic Frequency Unc. JK _, K1) - J'EK-,Ki0) Vib. Ref.
species (MHz) (MHz) state
2606528  ( 0.10) 6(0,6 - 5005 [ 71046]
26079.88  ( 0.10) 6(2 5 - 502 4 [ 71046)
26095.81 (0.10) 6(2,4 - 523 [ 71046])
2610092  ( 0.10) 6(0,6 - 500, 5) 1vss [ 72063]
26106.86  ( 0.10 ) 6(0, 6) - 50 5) lvy [ 72063]
2613820  ( 0.10 ) 6(2,4 - 52 3 vy [ 72063]
26138.66  ( 0.10 ) 6(0,6) - 50,5 2v3 [ 72063]
26140.20 (0.10) 6(0,6) - 50, 5) lvas, lvs; [ 72063]
2622060 ( 0.10) 6(0,6 - 50,5 4vy [ 72063]
26396.80  ( 0.10) 6(1,5 - 51,4 lvy [ 72063]
26420.37  ( 0.10) 61,5 - 51,49 [ 71046]
26423.03  (0.10) 6(1,5 - 51,4 vy lvy [ 72063]
2644527  ( 0.10) 6(1,5 - 51,9 lvss [ 72063]
2647177  ( 0.20) 6(1,5 - 51,49 lvy, [ 72063]
2647212 (0.20) 6(1,5 - 5(1,4) 2v3 [ 72063]
26492.48 (0.10) 6( 1,5 - 51,4 vy, vy [ 72063]
26501.10  ( 0.10) 6(1,5 - 51,4 3vy, [ 72063]
26521.54  (0.10) 6(1,5 - 51,4 pAVYS [ 72063]
26532.18 ( 0.10) 6( 1,5 - 51,4 4vy [ 72063]
30000.76  ( 0.10) (L7 - 61, 6) vy [ 72063]
30022.62 (0.10) (L7 - 61, 6) [ 71046]
30060.35  ( 0.10) L7 - 61,6 lvs; [ 72063]
30076.42 (0.10) L, 7D - 61,6 lvs; [ 72063]
3011333 (0.10) (L7 - 61,6 lvs, lvy [ 72063]
3013229  ( 0.10) (L7 - 6(1,6) 23 [ 72063]
3019047  ( 0.10) (1L, 7 - 61,6 vy [ 72063]
3040231 (0.10) 70,7 - 60, 6) [ 72063]
3042523 ( 0.10) 7026 - 6(25) [ 71046]
3045098  ( 0.10 ) 72,5 - 6(2 4 [ 71046]
30466.57  ( 0.10) 72,6 - 62 5) 1lvs [ 72063]
3047447 (0.10) 72,6 - 62,5 1vs, [ 72063]
3079440 (0.10) (1,6 - 61,5 lvy [ 72063]
30821.85 ( 0.10) 7(1,6) - 61,5 [ 71046]
30825.02  (0.10) (1,6 - 61,5 vy, vy [ 72063]
30850.93  ( 0.10) 1,6 - 61,5 1vss [ 72063]
30881.76  ( 0.10) 71,6 - 61,5 lvsy, [ 72063]
30882.32  ( 0.10) (1,6 - 61,5) 2vs [ 72063]
30905.99  ( 0.10) 71,6 - 61,5 vy, lvy [ 72063]
3091622  ( 0.10) (1,6 - 61,5 3us [ 72063]
3095240  ( 0.10) (1,6 - 61,5 4y [ 72063]
34284.14  ( 0.10) 8( 1,8 - 71,7 vy [ 72063]
34309.15  ( 0.10 ) 8( 1,8 - (1,7 [ 71046]
3435221  (0.10) 81,8 - 1L, lvs, [ 72063]
34370.65 ( 0.10) 81,8 - 71,7 v [ 72063]
34412.82 (0.10) 8 1,8 - (1L, 7D vz, vy, [ 72063]
3443462 ( 0.10) 8(1,8 - 71,7 vy [ 72063]
34501.17  ( 0.10) 81,8 - (17 s [ 72063]
34570.85 ( 0.10) 8( L8 - LD 4vs; [ 72063]
34736.11  ( 0.10) 80,8 - 7(0, 7 [ 72063]
34769.94  (0.10) 8(27 - 72 6 [ 71046}
34808.59  ( 0.10) 8(2,6) - 72,5 [ 71046]
34817.26  ( 0.10) 8(27 - 72 6 vy [ 72063]
35191.08 (0.10) 8( 1L, 7 - 71,6 vy [ 72063])
3522236 (0.10) 8( 1,7 - 71,6 [ 71046]
35255.63 (0.10) 81,7 - 1716 vy [ 72063]
35290.81  ( 0.10) 8( LT - 1,6 vy [ 72063]
35291.63  ( 0.10) 8(1,7 - (1,6 v [ 72063]
35318.57 ( 0.10) 8( L7 - 71,6 v, lvy, [ 72063]
3533037  ( 0.10) 8(LT - 71,6 3us [ 72063]
35371.72  ( 0.10) 8( L7 - 71, 6) 4vi; [ 72063]
39066.24  ( 0.10 ) 9(0,9 - 80,8 [ 72063]
39113.97 ( 0.10) 92,8 - 827 [ 72063]
39659.38  ( 0.10) 91,8 - 81,7 1vss [ 72063]
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Table 43.1. Molecular constants of trans-vinyl cyclopropane.

Species v A (MHz) B (MHz) C (MHz) Reference
CH{CHCH, )CH,CH,
0 15262.(79)2%  3061.368(19) 2941.132(18) [present]
1 15092.(150)  3071.43(5) 2944.,02(5) [74063]
2 14794.(150)  3081.38(5) 2946.70(5) [74063]
3 14875.(150) 3091.22(5) 2949.27(5) [74063]
CH(CHCH, ) **CH,CH,
0 15067.P 3022.66(10) 2896.45(10) [74063}

Electric Dipole Moments for CH(CHCH,)CH,CH, [74063]
O

g 0.486(7) D

e 0.110(10) D

3The numbers in parentheses represent one standard deviation of the fit.

Assumed value.
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MICROWAVE SPECTRAL TABLES 1407

TABLE 43.2. Microwave spectrum of vinylcyclopropane CsH;

Isotopic Frequency Une. JK_, K1) J(K_,K . 1) Vib. Ref.

species (MHz) (MHz) state

t-CH(CHCH,)CH,CH, 1188544  ( 0.05) 21, 2) (LD [ 74063]
‘ 12004.64  ( 0.05) 2(0,2) (0, 1) [ 74063]
1212554 {005 ) 2(L 1) (1, 0) [ 74063]
17827.57 (0.05) 31, 3) 2( 1, 2 [ 74063}
H,C—CH, 18004.72  ( 0.05) 30 3 2( 0, 2) [ 74063]
\/ 23768.99  ( 0.05) 4 1, 4 3(L 3 [ 74063}
H 24002.00 ( 0.05) 40, 4 30 3 [ 74063]
f 24010.01 (005) 4( 2, 3) 3(2,2 [ 74063}
CH 24012.07 (0.05) 43, 1 3(3 0 [ 74063]
I 24018.91 (005) 402, 2) 3(2, 1) [ 74063]
CH, 24249.20 ( 0.05) 41, 3) (1L, 2) [ 74063]
29709.50  ( 0.05) 5( 1, 5) 41, 4 [ 74063]
29995.72 (0.05) 5(0, 5) 400, 4 [ 74063}
3001129 (0.05) 5(2, 4 42, 3) [ 74063]
30029.12  ( 0.05) 502, 3) 42,2 [ 74063]
30309.71 (0.05) 51, 4) 41, 3) [ 74063]
11903.60 ( 0.05) 2( L, 2) WL 1vs [ 74063]
1202999  ( 0.05) 200, 2) (o 1 lvy; [ 74063}
12158.41 (005) 2( 1L, 1) 1( 1, 0) lvy [ 74063]
24053.84  ( 0.05) 400, 4) 3(0, 3 Tvs; [ 74063}
2406090 ( 0.05) 402, 3) 3(2,2) 1vy [ 74063}
2975432  (0.05) 5( 1, 5) 41, 4 1vs; [ 74063]
30057.05 (005) 500, 5 4( 0, 4) tvy [ 74063}
3007474  ( 0.05) 5( 2, 4) 4 2, 3) lvy [ 74063]
30095.08  ( 0.05) 5(2,3) 40 2, 2) lvy [ 74063].
3039132 (0.05) 5( 1, 4) 4 1, 3) 1vy [ 74063}
23840.84  ( 0.05) 41, 4 (L3 2vs3 [ 74063]
29798.84  ( 0.05) 5(1, 5 4 1, 4 2vy; [ 74063]
3011772 (0.05) 5( 0, 5) 40, 49 2v33 [ 74063]
30137.72 (0.05) 5(2, 4 42,3 2vy; [ 74063)]
30160.66  ( 0.05) 52, 3) 40 2, 3) 233 [ 74063}
30472.21 (0.05) 501, 4 41, 3) 2v33 [ 74063]
2984229  ( 0.05) 5( 1,5 41, 4 3vg [ 74063]
30177.06  ( 0.05) 5( 0, 5) 40, 4 3y [ 74063]
30199.51 (0.05) 5(2, 4 4( 2, 3) 3vss [ 74063]
30225.19 (005) 5(2, 3 42,2 3us [ 74063]
t-CH(CHCH)CH,CH,  23666.5 (0.15) 40, 4 30 3 [ 74063}
23927.0 (02) 4 1, 3) 31,2 [ 74063]
29275.9 (02) 5(1, 5 41, 4 [ 74063