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Microwave Spectra of Molecules of Astrophysical Interest. 

XVI. Methyl Formate 

A. Bauder 

Laboratory for Physical Chemistry, Swiss Federal Institute 0/ Technology, CH-8092 Zurich, Switzerlcmd. 

The microwave spectrum of methyl formate is critically reviewed for information applicable to 
radio astronomy. The review is based on new laboratory measurements in the frequency range 
from 8 GHz to 58 GHz. Molecular data such as the derived rotational constants, centrifugal dis­
tortion parameters, internal rotation parameters, electric dipole moment and molecular structure 
are tabulated. Since the primary objective is to provide microwave spectral transitions applicable 
to radio astronomy observations, the review encompasses only the ground state rotational spectrum 
of the most abundant isotopic form of methyl formate, H12CI00212CHa. While all measured transi­
tions are included, the predicted transitions were limited to J L. 12 in the range of 900 MHz to 
250 GHz. 

Key words: Internal rotation; interstellar molecules; line strengths; methyl formate; microwave 
spectrum; radio astronomy; rotational transitions. 
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1. Introduction 

The present work is part of a series of critical reviews 
which are intended to update, revise, and augment the 
p.xi~tine literature on molecules that have been identified 

in interstellar molecular clouds. In order to provide com­
plete coverage of the spectral regions where present and 
anticipated radio telescope receivers operate, all measured 
and predicted rotational transitions of methyl formate 
(H12C160212CHi!) are listed from 900 MHz to 250 GHz. 
The predicted transitions are limited to those between· ro­
tational levels with ] L. 12. We estimate that radiative 
relaxation from higher rotational levels will generally be 
much faster than the collisional excitation rates which 

have been derived for the interstellar molecular clouds in 
which large organic molecules, like methyl formate, have 
been observed. Spectral data on the less abundant isotopic 
forms and for excited vibrational states of methyl formate 
have not been included in this review. However, the refer­

ences provided in section 3.1 cover all of the relevant 
literature. 

© 1979 by the U.S. Secretary of Commerce on hehalf of the United 
States. This copyright is assigned to the American Institute of 
Physics and the American Chemical Society. 
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2. Organization of Tables 

The predicted rotational spectrum of methyl formate 
presented in tables 4 to 6 is based entirely on new labora­
tory measurements for reasons explained in the next sec­
tion. The open literature has been searched for additional 
information relating to the microwave spectrum of methyl 
formate and all pertinent data have been summarized in 
the molecular parameter tables 1 and 3. In order to pre-
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584 A. BAUDER 

vcnt Iram;cription errors, the tables 4< to 6 haT.-e been di­
rr~clly reproduced from the computer printouts. 

2.1. Molecular 'Parameter Tables 

The microwave spectrum of methyl formate was first re­
ported by Curl [1].1 The small number of measured tran­
sition frequencies and their limited accuracy ","'ere not 
sufficient for predictions of rotational transitions outside 
the measured range. Therefore, the microwave spectrum 
of methyl formate was remeasured. A large number of 
new transitions were assigned in the frequency range from 
8 to 58 GHz. The microwave spectrometer was operated 
under computer control [2]. Accurate center frequencies 
of individual transitions were determined by fitting a para­
hola to the central portion of the digitally recorded tran­
sition [3]. 

The rotational constants, centrifugal distortion con­
stants, and internal rotation parameters in table 1 were 
obtained from nonlinear least-squares fits of measured 
transition frequencies in the vibrational and torsional 
ground state of methyl formate (H1'2C160 212CH:;). The in­
ternal axis method (JAM) [4] was selected for the cal­
culation of transition frequencies ofa rotating molecule 
with a symmetric internal rotor. Woods [5] presented a 
convenient scheme for this calculation and introduced 
suitable approximations for the high barrier limit. The 
scheme involves first a division of the Hamiltonian into 
an over-all rotational part and an internal rotation part. 
The latter includes the coupling between internal and over­
all rotation. The matrix elements of the two parts are set 
up separately, each in the most convenient basis, and the 
matrices are diagonalized. The internal rotation part is 
then transformed to a common basis in which the over-all 
rotational part is diagonal. The small off-diagonal elements 
from thp intprn~l rotRtion p~rt are treated by perturbation 

theory considering only connections between two nearly 
degenerate rotational states. The efficient computer pro­
gram of Woods [5] was modified and extended by the 
inclusion of the centrifugal distortion correction for a 
nonplanar asymmetric rotor in the form given by Watson 
[6]. However, centrifugal distortion due to jnternal rota­
tion was completely neglected. Finite differences of tran 

sition frequencies were calculated for individual variations 
of all eleven molecular parameters. These parameters were 
simultaneously adjusted iteratively in a nonlinear least­
squares fit. 

It was found that much smaller residual deviations be­
l ween measured and calculated frequencies approaching 
the estimated accuracy of the measurements could be ob­
tained if the A and E symmetry states were fitted inde· 
1)(~n(lj'nIJy using only [l sma]] number of transitions of the 
ollt/'J' H)'lIlllll'lry ~'I:lt(J. It in hc1iev.cd that the differences 

11('1\\'('\'1\ Ill(' adjllsll·d parameters of the two symmetry 
~tllkR "1·11"(,, 1111' illll'J':lI'liOIlS wilh olJwr low frequency 

normal vibrations which were completely neglected in the 
semi-rigid model employed for internal and over-all rota­
tion. A total of 81 measured A state transitions up to 
] == 20 were included in the fit of the A symmetry state, 
and 70 measured E state transitions up to ] = 20 were in­
cluded likewise in the fit of the E symmetry state. Mean 
residual errors between measured and calculated transi­
tion frequencies of 35 kHz and 54 kHz were finally oh­
tained for the A and E symmetry state, respectively. 
Slightly different sets of molecular parameters were thus 
determined for the A and E symmetry states as shown 
in table 1. It is believed that this procedure provides more 
accurate predictions of transition frequencies. Standard 
deviations given in table 1 and correlation coefficients 
given in table 2 were calculated for all parameters. 

The dipole moment components in table 1 were taken 
directly from the literature cited. The parameters which 
were determined from fitting the measured transition fre­
quencies were transformed to alternative molecular con­
stants for the over-all rotation and the internal rotation 
problem of methyl formate. Since the A and E symmetry 
states were fitted separately, the molecular constants col­
lected in table 3 exhibit slightly different values hetween 
A and E state outside the combined uncertainties. The 
largest differences were found for the potential barrier and 
the moment of inertia of the top. The structural parameters 
were taken again from the ]itf~raLlln~ cited. 

2.2. Microwave Spectral Tables 

The results of the statistical analysis of the rotational 
spectrum of methyl formate (H12C160l2CH3) in the 
ground vihrational and torsional state are given in tables 
4 and 5. For each rotational transition the first columns 
of tahles 4, and 5 contain the quantum numbers of the 
nppf'T find lower state in the form j, K_, K+ for the 

asymmetric rotor plus a symmetry label 5 for the internal 
rotation substate. The quantum numbers are followed by 
the observed transition frequency and the estimated un­
certainty in MHz. In the next column the calculated tran­
sition frequencies are listed, which were evaluated from 
the molecular parameters of table 1. The calculated tran­
sition frequencies are followed by their calculatcd uncc'r­

tainties. The latter are twice the standard deviations from 
the least-squares analysis and represent approximately 95 
percent confidence levels. The standard deviations were 
calculated from finite differences of transition frequencies 
upon variations of molecular parameters and the variance­
covariance matrix as described by Kirchhoff [7]. 

The next three columns .provide information on the line 
strengths of the torsionally allowed transitions. The first 
column shows the calculated relative intensity of the A and 
E symmetry states. The absolute nuclear spin statistical 

weight factors were suppressed. The second column gives 
the product of the rigid rotor line strength, 1JJ5],; J", and 
the square of the dipole moment component, P-a: 2 , for the 
rotational transition. The rigid rotor line strength is cal-



MICROWAVE SPECTRUM OF METHYL FORMATE 585 

culated as the expectation value of the electric dipole tran­
sition moment for polarized microwave radiation 

\ <1', K~, K~ \ILZ \ I", K~, K:t> 12 

== ~MI I <I', K:"-, K+, M'I ftz II", K.!...~ K:', Al"> 12 
== Jl./ a;S (f', K~, K.+; 1", K!:, K:{.), 

where the subscript Z refers to the direction of polarization 
and the superscript x to the a or b principal axis and ?L:r 
represents the corresponding dipole moment component 
[8]. Thus, the line strengths as defined in the tables 4 and 
5 clearly depend on the square of the dipole moment. In 
the third column, the total line strength was approximated 
as the product of the relative intensity of the torsionally 
allowed transitions and of the corresponding product 
}L:l a;S!,; I'" Spectral lines were omitted from the tables if 
the total line strengths fell below 0.1 D2. 

The total line strength may be related to the Einstein 
coefficient, A, in the following manner. The probability, 

A (f', K~, K+., S; I", K:':', K:t,S) , of a spontaneous tran­
sition in one second from the upper state ft, K~, K+, S to 
the lower state I", K~, K-t, Sis 

A (f', K~, K::", S; I", K~, K';, 5) == 1.1639 X 10-20 v" 

I <]" K~,K+, S\?LzII", K~, K+, S> [2/(2]'+ 1), 

where v is the transition frequency in MHz and 

I < J'. K~. K~. S 1 /Lz 1 I'~. K~. K1. S> 12 the total line 
strength. 

The total rotational and torsional energy of upper and 
lower state are shown in the last two columns. These ener­
gies are given in cm- 1 equivalents. The torsional zero­
point energy of 69.714 cm- 1 with respect to the minimum 
of the potential barrier was subtracted from aU energy 
lcvels. . 

As a convenience to the user the calculated transition 
frequencies from tables 4 and 5 have been listed accord­
ing to increasing frequency in table 6. Rotational transi­
tions with I values from 13 to 20 that were included in 
the leasH;quares fit of the molecular parameters are listed 
with their measured frequencies in table 7. Additional ro­
tational transitions were assigned with I values ranging up 
to 40. They were, however, not used during the least­
squares analysis. They exhibited progressively increasing 
3Y3tcrnatie dcviation3 due to the approximations introduced 

during the calculations. The measured frequencies of these 
additional transitions are also collected in table 7. 

2.3. List of Symbols and Conversion Factors 

A,B,C 

a. Symbols 

Rotational constants (MHz). A ~ B ~ C. 
(A == h/87i2/a, etc.). 

Moments of inertia in the principal axes sys­
tem (u A2). 

I'T Moment of inertia of the methyl top around 
internal rotation axis (u A 2 ) • 

a, b, c Principal axes corresponding to / a, I b, / c, re­
spectively. 

D.J, D.JI(, D.K, Quartic centrifugal distortion constants (kHz) 
SJ, SK defined according to Watson [6]._. 

p Internal rotation interaction constant [4, 5] 
P==~:r [(A,rI-r/I:r)2]1Iz. 

S Second Eulerian angle for transformation 
from the principal axes system to the internal 
rotational axes system [5]. 

D.o Internal rotation interaction constant (MHz). 

T 

F 

J 

A,E 

r (X-Y) 
!..X-Y-Z 

(. .. ) 

D.o == 3F al (s) /2 == energy difference between 
o (0,0) A and 0 (0,0) Estate [5]. 
Direction cosines between the internal rota­
tion axis and the principal axes a, b, c, re-
spectively. 
Angle between the internal rotation axis and 
the a principal axis. cp == arc cos Aa. 
Angle of rotation around internal rotation 
axis. 
Internal rotation dynamical constant (GHz) 
[4, 5] F __ h./8~2r 1 'T-

Threefold component of torsional barrier po­
tential (cm- 1

). V == V3 (1-cos 3r) /2. 
Reduced barrier height. s == 4V3 /9F. 
T == 1 - ~iJ) (Ai I-r/laJ. 
Fourier coefficient [4]. 
Components of the electric dipole moment 
(D) along the principal axes a, b, c, respec-

tively. 
Abbreviation for Debye u:nits 
(ID == 3.33564 X 10-30 C m). 
Total rotational angular momentum quantum 
number. 
Projection of J on the symmetry axis in the 
limiting prolate symmetric top. 

Projection of I on the symmetry axis in the 
limiting oblate symmetric top. 
Torsional symmetry substates representing ir­
reducible representations of the symmetry 
group of the rotation-internal rotation Hamil­
tonian. 
Distance between nuclei X and Y (A). 
Angle formed by nuclei X, Y, and Z ( de­

grees). 
Parentheses in the numerical listings contain 
measured or estimated uncertainties. These 
should be interpreted as: 1.409 (0.083) 

1.409(83) == 1.409 ± 0.083. 

b. Conversion Factors 

The following conversion factors hu\'c been used: 
A· Ia == 5.0537905(85) X HP MHz u k\ 
h == 6.626176(36) X 1--:1-1 ] s, 
c == 2.9979245B(l) xlOR m s-l, 
1 cm-1 == 1.9864.78(11) X 10-~:: J == 11.96266 J mol-\ 

J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 



596 A. BAUDER 

I 11 1.(;()05655(H6) X 10-27 kg, (5) Woods, R. c., J. Mol. Spectrosc. 21, 4 (1966). "A General 
Program for the Calculation of Internal Rotation Splittings 
in Microwave Spectroscopy." 

I A lO--1IIm. 
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3. Methyl Formate Spectral Tables 

Table 1. Molecular parameters for the ground state of methyl formate 

{H12C160212CH3} .a 

Rotational constants 

A (I~Hz) 

o (MHz:) 

C (MHz) 

Centrifugal distortion 

constants 

L1
J 

(kHz) 

b
JK 

(kHZ) 

tl.K (kHz) 

oJ (kHZ) 

15 K (kHz) 

Internal rotation 

parameters 

tl.0 (MHz) 

B (rad) 

Dipole moment Ref. [S9A] 

A State 

19982.23889 ( 499) 

G914. 013:32 (1:30) 

5304.47963 (129) 

A State 

6.0589(164) 

-21 .2897 (423) 

79. 133 ( 154 ) 

1.87101 (18B) 

3.9508(619) 

A State 

O.O83259(222) 

-421.29(198) 

O. 430600( 180) 

lla (D) 1.63 

vb (0) 0.68 

E State 

19982. 21949( 685) 

0914.0::;90::; (:J:JO) 

5304.50944 (333) 

E State 

6. 0600( 862) 

-21.443(155) 

81.68(148) 

1.90756(414 ) 

3.276(131 ) 

E State 

o. 086058( 149) 

-397.539(996 ) 

0.430791 (283) 

a The number of significant figures quoted are necessary to reproduce all 

the ca 1 cul ated frequenc; es wi thout round~off errors. The standard dev;­

ations are given in parentheses. 

J. Phys. Chern. Ref. Data, Vol. 8, No.3, 1979 



MICROWAVE SPECTRUM OF METHYL FORMATE 58: 

a 
,:::t:. Correlation coefficients. 

A B C LlJ LlJK llK oJ oK p 110 

0.5229 0.2094 0.1736 0.5136 0.2933 0.1743 0.2238 -0.4881 -0.3869 0.5136 

0.3797 0.8147 0.6921 0.2081 0.2829 0.1269 0.1234 -0.2425 -0.2149 0.0061 

0.3123 0.9686 0.7723 -0.1492 0.2993 -0.1065 -0.0098 0.1877 0.1893 -0.0463 

0.2716 0.8711 0.8776 -0.2024 0.5541 -0.1188 0.1054 0.0046 0.0265 0.0639 

-0.2741 0.1576 0.1234 0.0313 -0.2593 0.7186 -0.2277 -0.3891 -0.3590 0.1802 

0.4959 -0.1354 -0.1528 -0.0590 -0.9222 -0.1610 0.1828 -0.0924 -0.0994 -0.0586 

-0.2427 0.1756 0.1026 0.0484 0.8308 -0.6848 -0.7674 -0.1892 -0.1845 0.0794 

0.3666 -0.1312 -0.1220 -0.0490 -0.7483 0.6871 -0.9466 -0.3265 -0.3164 0.0105 

-0.0116 0.0629 0.0298 0.0420 0.0745 -0.0785 0.1169 -0.1047 0.9838 -0.2342 

-0.0262 0.0610 0.0306 0.0319 0.0660 -0.0694 0.1236 -0.1174 0.9580 -0.0952 

0.0373 0.0017 -0.0224 -0.0568 -0.0803 0.1304 -0.0467 0.0609 -U.b2~9 -0.49/~ 

'he upper ri ght tri ang1 e refers to the 1 east-squares fit of the A symmetry state, the lower 1 eft tri ang1 e to that of the 
symmetry state. 

J. Phys. Chem. Ref. Data, Val. 8, No.3, 19' 



588 A. BAUDER 

Table 3. Additional molecular parameters for the ground state of methyl 

formate (H12C160212CH3) . 

MUIlIt::IIL::. u r int::r'L ia A S La Lc: E Stott: 

1a (u~2) 25.291413(6 ) 25.291437(9) 

Ib (u;.,2·) 73.094891 (15) 73.094399 (36) 

Ie (u2
2 

) 95.274011 (23) 95.273475(60 ) 

I (u22) 3.180368 3.288040 
1: 

Internal rotation 

parameters A State E State 

Aa 0.60167 0.60147 

Ab 0.79875 0.79889 

tp ( 0) 53.01 53.02 

31.558 31.738 

(GHL) 171.471 166.298 

"3 
(cm- 1 ) 406.1 396.1 

St'l"Uctura 1 po.l-ameters 
a 

Ref. [s9AJ 

r (C
1 '" O,) 1.200(10) ~ 

r (C
1 - °2) carboxyl 1.334(10) ~ 

° 
r (C2 - °2 ) methoxy1 1.437(10) A 

° r (C
1 

- H
1

) carboxyl 1.101 (10) A 
0 

r (C
2 

- H ) methyl 1.086( 15) A 

L °1 = Cl - 02 125.9(10)° 

L C
1 - 02 - C2 

114.8(10)° 

L Hl - C1 - 02 carboxyl 109.3(10)° 

L H - C
2 

- H methyl 110.7(15)° 

rs structure, methyl group assumed to be symmetric. 

J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 



MICROWAVE SPECTRUM OF METHYL FORMATE 589 

Table 4. The microwave spectrum for the A symmetry state of H12C160 12CH 
2 3 

----------------------------------------------------------------------------------------------------------------------
QUAN'!'UM NUMBERS MEASURED TRANSITION CALCULA'!'ED '!'RANSI'I'ION LINE STRENGTH ENERGY LEVELS 
K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELA'!'IVE RIG. ROTOR 'l'OTAL UPPER LOWER 

----------------------------------------------------------------------------------------------------------------------0, 1) - 10 0, 0) A 12219.2109 .0210) 12219.211 .005) 1.0100 2.657 2.657 .408 1il.000 
1, 1) - 0 0, 0) A 25290.161 .020) 25290.190 .009) 1. 1000 .462 .462 .844 0.1000 
1, 0) - 1 1, 1) A 1610.249 .1Oli:3)a 16110.245 .1001 ) 1.000 3.985 3.985 .897" .844 
1, 0) - 1 0, 1) A 14681.231 .1020) 14681.225 .1007) 1.000 .694 .694 .897 .4108 
0, 2) 1 0, 1) A 24298.476 .020) 24298.488 .1009) 1.000 5.31010 5.300 1.218 .4108 
1, 1) - 1 1, 10 ) A 26048.515 .1020) 26048.539 .010) 1.000 3.985 3.985 1.766 .897 
1, 2) - 1 1, 1) A 22828.131 .fJ21O) 22828.143 .009) 1.000 3.985 3.985 1.605 .844 
2, I!l) - 1 ( 1, 1) A 67010.773 .022) 1.10100 .652 .652 3.079 .844 

:.:: 11:1, 2,) 1 ( 1, 1) Po 11ZZ7.q~9 .I'JZI'l) 112.2.7. 51')9 .I'JUl) 1.I'JIIJIIJ .27Z .272 1.2.16 .644 
2 1, 2 ) - 1 ( 10 , 1) A 35899.116 .020) 35899.122 .012) 1.000 .694 .694 1.605 .408 
2 2, J) - J ( 1, 0) A 652&!!J.744 .1022) 1.1000 .694 .694 3.074 .897 
2 1, 1) - 2 ( 1, 2) A 4831:1.641 .'Hl3) 1.0100 2.214 2.214 1.766 1.605 

I, 1) 2( Iil, 2) A 16431.284 .021!l) 16431.275 .0107) 1.10100 1.087 1.087 1.766 1.218 
2, I'l) - 2( 1, 1) A 39351.989 .018 ) 1.lOfHl .454 .454 3.1079 1.766 
:':, 1) 2 ( 1, 2) A 44i:'J42.B43 .020) 44VJ42.846 .019 ) 1.iHi0 .385 .385 3.074 1.605 :.:, 1) 2 ( 2. , 0) A 37:':1!J9.&37 .021!l) 3i21:J9.671!! .1:J13) 1.0130 4.429 4.429 4.320 3.1379 
I!l, 3) - 2 ( 0, 2) A 361\:)4.845 .020) 3611:J4.812 .013) 1.0013 7.919 7.919 2.422 1.218 
I, 2) - 2 ( I, I) A 3898\:).815 .021'J) 3898~.8411 .013) 1.0011 7.1379 7.1379 3.1166 1.766 
I, 3 ) 2 ( 1, 2) A 34J58.1~3 .1IJ20) 34158.098 .013) 1.11130 7.13813 7.0813 2.744 1.605 :.:, 2 ) 2 ( 2, 1) A 36657.456 .1Il21!l) 36657.447 .013) 1.000 4.428 4.428 4.297 3.074 2, 1) - 2 ( 1, 2) A 81392.31!l~ .\:)24) 1.01:JI:J .636 .636 4.321!l 1.605 
3, 0) - 2 ( 2, 1) A 111l6125.365 .(33) 1.000 1.138 1.138 6.614 3.074 
0, 3 ) 2 ( 1, 2 ) A 245\')4.165 .1!l21:J) 245\:)4.179 .013) 1.1300 .597 .597 2.422 1.6115 
3, 1) 2 ( 2, I:J) A 105977.962 .1Il33) 1.13013 1.139 1.139 6.614 3.1379 1, :3 ) - 2 ( 0, 2)A 457:'8.761 .021:J) 45758.732 .(15) 1.13011 .951 .951 2.744 1.218 
2, 2) 2 ( I, 1) A 75869.652 .024) 1.000 .771 .771 4.297 1.766 1, 2 ) - 3 ( 1, 3) A 9653.385 .112\') 9653.384 .0116) 1.13110 1.555 1.555 3.l:J66 2.744 
3, I:') ) - 3 ( 2 1) A 68775.911 .1330) 1.10130 .436 .436 6.614 4.321!l 
1, 2) - 3 ( 13, 3 ) A 19307.3137 .020) 193137.3133 .008) 1.11130 1.382 1.382 3.066 2.422 2, 1) - 3 ( 1, 2) A 37581:1.838 .0210) 37580.819 .017 ) 1.0013 .879 .879 4.320 3.066 2, 2) - 3 1, 3 ) A 46542.205 .020) 46542.196 .019) 1.10130 .646 .646 4.297 2.744 
1, 1) - 2, 2) l\ 69460. :l~i9 .03l!!) 1. "'0Cl .433 .433 6.614 4.2\"17 
2, 2) - 2, 1) A 50105.1020 .020) 50105.1373 .015) 1.0110 7.971 7.971 5.991 4.320 
0, 4 ) - 0, 3 ) A 47536.992 .020) 47536.949 .015) 1.00eJ 11L5Hl 10.510 4.008 2.422 
3, 1) 3, 0) A 491ilrl.133 .1020) 49180.127 .1315) 1.101013 4.652 4.652 8.255 6.614 
1, 3 ) - 1, 2) A 51791.972 .015) 1.l:IfHl 9.942 9.942 4.794 3.1166 
3, 2) 3, 1) A 49134.704 .021:J) 49134.652 .1315) 1.0011 4.652 4.652 8.253 6.614 
1, 4 ) - 1, 3 ) A 45397.442 .020) 45397.404 .015 ) 1.lOlHl 9.947 9.947 4.259 2.744 
2, 3 ) 2, 2) A 48767.021 .020) 48767.1116 .1115) 1.000 7.965 7.965 5.924 4.297 
Ii , k:i) - 3, 1) A 1461123.043 .053) 1 • i1IH) 1.602 1.602 11.485 6.614 
2, 2) - 1, 3) A 97339.275 .027) 1.0130 .590 .590 5.991 2.744 
3, 1) .2 , 2) A l1tl648.044 .034) 1 .110~ 1.153 1.153 8.255 4.297 
la, 4 ) - 1, 3 ) A 37883.1117 .1121:1) 37883.1:130 .014) 1.000 .983 .983 4.008 2.744 
I, "'J - "Lo, "Lo) A 149kl3.145 .020) 14903.160 .01 SI) 1.19110 .234 .234 4.794 4.297 

"" 
2) - 2, 1) A 1179k:i2.944 .034 ) 1.11011 1.161 1.161 8.253 4.320 

1, 4 ) - 0, 3) A 551:J51.256 .020) 55051.323 .017 ) 1.000 1.253 1.253 4.259 2.422 
4, 1) 3, 0) A 146015.1:J811 .053) 1.000 1.6112 1.602 11.485 6.614 
2, 3 ) - 1, 2) A 85655.828 .1;25) 1.l!ll1b .881 .881 5.924 3.066 
2, 1) 1, 4) A 1836.798 .021 ) 1.1:H10 .125 .125 4.320 4.259 
1, 3 ) - 1, 4 ) A 161:147.957 .1121:1) 161:147.952 .009) 1.000 1.211 1.211 4.794 4.259 
2, 2) 2, 3 ) A 2030.1164 .003) 1.IHl0 4.625 4.625 5.991 5.924 
2, 3 ) - 0, 4 ) A 57426.140 • 02t::J) 57426.182 .023) 1.1100 .163 .163 5.924 4.01!l8 
3, 1) - 2, 2) A 67850.965 .028) 1.1:100 .8102 .802 8.255 5.991 
1,_ 3 ) - 0, 4 ) A 23562.327 .1120) 23562.326 .009) 1.13iHl 1.553 1.553 4.794 4.rH18 
4. 0) - 3. 1) A 9fi83S_'19B · 0S?) 1.1/110\0 .44S .44S 1 L48", R_?"'''' 2, 2) - 1, 3) A 35893.926 • 020) 35893.919 · (16) 1 . 000 1 . 355 1 • 355 5.991 4.794 
4 , 1) - 3 , 2 ) A 96888.1146 • 052) 1 • 0110 .445 .445 11.485 8.253 
2, 3 ) - 1, 4 ) A 49911.833 .1320) 49911.807 .019) 1. ee0 .849 .849 5.924 4.259 
3, 2) - 2, 3 ) A 69827.936 .028) 1.0013 .787 .787 8.253 5.924 
4, 1) - 4, I!l) A 61408.850 .018) 1.000 4.786 4.786 13.533 11.485 
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Table 4. The microwave spectrum for the A symmetry state of H12C160212CH3 - Continued. 

----------------------------------------------------------------------------------------------------------------------
QUAl\rluM NLJl"lbl:.tl.b I"JEASURI:.D TkANS1'l'lOl'< CALCULA'l'ED ,{'RANSI'l'ION L11'1E S'I'RBNG'l'H eNEkGY LEVELS 
1\+ 1\- - .)' K+ l\- S Fl{LQUE~CY UNCER'l'AINTY FRBQUENCY UNCER'l'AIN'I"Y RELATIVE !\IG. RO'fOR 1'O'l'AL UPPER LOwER 

---------------------------------------------------------------------------------------------------------~----------_. 2, j) - 4 ~, 2) A 633i!J5.348 .016 ) 1.1200 11'.164 11.164 8.1193 5.991 
0, 5) - 4 1:1, 4 ) A 58568.461 .017 ) 1.IiJI:Hl 13.083 13.083 5.962 4.0168 
3, 2) - 4 3, 1) A 61657.502 .016) 1.0190 8.5196 8.506 110.311 8.255 
1, 4) - 4 1, 3) A 64423.617 .017) 1.0130 12.700 12.700 6.943 4.794 
3, 3 ) - 4 3, 2} A 61500.038 .016) 1.000 8.506 8.506 10.304 8.253 
1, 5) - 4 1, 4 ) A 56531.7~6 .1!I2ti) 56531.744 .016) 1.IHb0 12.720 12.720 6.144 4.259 
'I, 2) - 4 4, 1} A 61406.1137 .018 ) 1.131:10 4.786 4.786 13.533 11.485 
2, 4 } - 4 2, 3 J A 6\1783.484 .016) 1.(Hl0 11. 142 11 .142 7.951 5.924 
2, 3 ) - 4 10, 4 ) A 122761.593 .032) 1.0019 .129 .129 8.103 4.008 
4, 1) - 4 3, 2} A 158297.241 .055} 1.131313 1.614 1.614 13.533 8.253 
2, 3 ) - 4 1, 4) A 115247.219 .030) 1 • 0~I:J .510 .510 8.103 4.259 
5, 1:') - 4 4, 1} A 185978.072 .1(0) 1.000 2.065 2.065 17.688 11.485 
3, 2} - 4 2, 3 ) A 131538.531 .1:)36) 1.13010 1.172 1.172 10.311 5.924 
3, 2 ) - 5 2, 3 ) A 4492.524 • e2i) 1.0\H) .148 .148 8.253 8.103 
1'1, 5 ) - 4 1, 4 ) A 511154.£143 .02i:l} 51054.087 .016) 1.1100 1.424 1.424 5.962 4.259 
1, 4 } 4 2.. , 3 ) A 30559.762- • (19) 1.tHHl .413 .413 6.943 5.924 
5, l} - 4 4, 0) A 185977.714 .HHI) 1.000 2.065 2.1965 17.688 11.485 
3, .3) 4 2, 2) A 129297.9H) • (36) 1.l-ii:l0 1.199 1.199 10.3£14 5.991 
1, 5 ) - 4 0, 4) A. 64~46.119 .019) 1.000 1.608 1.608 6.144 4.008 
4, ~} - 3, 1) A 158~41.1:J60 .055) 1.01Hl 1.614 1. 614 13.533 8.255 
L., ,. } - 1, .3 ) A 94647.3419 .\)27 ) 1.l!JliJ0 1.019 1.1919 7.951 4.794 
1, S) - 2, 2) A 4589.874 .10213) 1.000 .155 .155 6.144 5.991 
3, 1) 2, q) A 91197.544 .027 ) 1.000 .141 .141 8.255 7.951 
1, 4 ) - 1, 5 ) A 23939. tJ3~ .020) 23939.825 .1013) I • ~:H:l0 1.008 1.IHJ8 6.943 6.144 
.:::, .3) - L, 4 ) A 4551.927 .006) I • ~100 3.639 3.639 8.103 7.951 
L, It) - 0, 5) A 59641 .2!!J5 .022) 1.000 .277 .277 7.951 5.962 
5, 11) - 4, 1) A 124568.878 .(99) 1.000 .452 .452 17.688 13.533 
j, ;:) ;:, 3 ) A 66203.119 .1027 ) 1.i1!IHI 1.158 1.158 Hl.311 8.103 
01, 4 ) - 1'), 5} A 29417.481 .020) 29417.482 .011 ) 1.000 1.607 1.607 6.943 5.962 
4. 11 - 1. L) A ~h"'Ah_h4h _1."14Q) 1_1f1&\v, _ R)C, _R2'\ 171.533 1 ~. 311 
L., 3 ) 1, 4 ) A 34775.649 .014) l.iHJ0 "1.874 1 .874 B. 1 103 6.943 
4, 'J.} - 3, 3} A 96794.115 .049) 1.1!.100 .825 .825 13: 533 HJ.3l:l4 
:<:, '* ) - 1, 5) A 54163.498 .020) 54163.547 .019 ) 1./ilfHl 1.007 1.007 7.951 6.144 

5 5, 1) 4, 2) A 124571.952 .099) 1.000 .452 .452 17.688 13.533 
5 3, 3) - 2, 4 } A 7'0544.490 .~26) 1.00fJ 1.107 1.1'07 HL 304 7.951 
6 4. ::0 - 4. 1) A 7119h_7<n _Vl?Ioi) 1.IH)(.i 8_ 863 8.863 15.995 \3.533 
6 2, 4 ) - 2, 3) A 76711.160 .020) 1.000 14.193 14.193 10.662 8.1133 
6 iii, 6 ) - 0, 5 ) A 69272.189 .0210 ) 1.IHH1 15.661 15.661 8.272 5.962 
6 5, 1) - 5, 10) A 73665.736 .025) 1.000 4.875 4.875 20.145 17.688 
6 3, 3 ) - 3, 2} A 74296.755 • (19) 1.013'0 11.960 11.960 12.791iJ 1"'.311 
6 1, 5 ) - 1 , 4 } A 768'04.010 • 021) 1 • 1300 15.393 15.393 9.505 6.943 
6 5, 2) - 5 5, 1) A 73665.596 .025) 1 • f!l01:J 4.875 4.875 20.145 17.688 
6 3, 4 ) - 5 3, 3 } A 73885.1196 .019) 1.ii)\HI 11.960 11.960 12.769 Hi.3M 
6 1, 6 } - 5 1, 5} A 6/557.618 • 02~) 1.'tHl!ii 15.444 15.444 8.398 6.144. 

4, 3 ) - 5 4, 2 ) A 73784.523 • (20) 1.000 8.863 8.863 15.994 13.533 
:.I., 5 ) - 5 2, 4 ) A n685.581 .020 ) 1.000 14.135 14.135 H).376 7.951 
2, ,. ) - 5 0, 5 } A 1409104.292 .036} 1. f!l00 .154 .154 10.662 5.962 
6. Ill) - 5 5, 1) A 225929.514 .193) 1.000 :2.529 2 _ 529 25 2?t. 17_hAil 
4, 'J.) 5 3, 3 ) A 171::1593.996 .059 } 1.000 1.640 1.640 15.995 10.304 
'J., 4 ) - 5 1, 5 ) A 135426.634 .035) 1.IH)0 .414 .414 1I!i.662 6.144 

b 5, 1) - 5 4, 2) A 198237.701 .103) "\ .000 2.071 2.071 20.145 13.533 
6 3, 3} - 5 2, 4 } A 1451151.801 • i>39) 1.000 1.174 1.174 12.7911 7.951 

2, 4) - 5 3, 3 ) A 10718.57"1 .021:1) 10718.598 .023) 1.(HH:l .250 .25tl 10:662 10.304 
6 10, b) - 5 1, 5 ) A 63794.531 .019 ) 1.000 1.901 1.901 8.272 6.144 
S 4, <:) 6 3, 3 } A 22286.804 .043} 1.1100 .122 .122 13.533 12.79iJ 
6 1, 5 ) - 5 2, 4 ) A 465811.275 .1120) 46580.288 .020) 1.000 .641i! .640 9.5115 7.951 
0 50' ~) - 5 4, 1) A 198234.460 .103} 1.tHi0 2.071 2.071 2L1.145 13.533 
6 3, 4 ) - 5 2, 3 ) A 139877.659 .040) 1.000 1.242 1.242 12.769 8. Hl3 
{) 1, 6 ) - 5 \I), 5} A 73035.275 .021 ) 1 .fJ~0 2.1014 2. Ii! 14 8.398 5.962 
6 6, 1) - 5 5, \1) A 225928.529 .183 ) 1.000 2.528 :1..528 25.224 17.688 
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:~~ilble 4. The microwave spectrum for the A 12 16 -:2 
symmetry state of H C O

2 
CH

3 
- Continued. 

,_._-----------------------------------------------------~-----------------------------------------------------------
0UAl~'l'UM NU~lBEk5 MEASURED .TRANSITI0N CALCOLA'l'ED TRANSI'l'ION LINE: STRENG'l'H ENERGY LEVELS 
K+ K- - J' K+ K- S FkEQUENCY UNCE.fd·AINTY FREQUENCY UNCER'I'AINTY RELATIVE RIG.ROTOR TOTAL UPPER LOWER 

._--------------------------------------------------------------------------------------------------------------------
(,{ 4, J) - 5 3, :0) A 170368. ~81 .059) 1.000 1.642 1.642 15.994 10.311 
h( :C:, 5 ) - 5 1, 4) A 1029119.303 .030) 1 .~00 1.189 1.189 10.376 6.943 
) ( 4, 1) - 6 3, 4 ) A 22912.106 .043) 1.000 .122 .122 13.533 12.769 
h ( 1, b) - 5 2, 3) A 884:0.1115 • ~20) 8842.143 .021 ) 1.01:10 .154 .154 8.398 8.103 
b ( 2, 5) - 5 3, 2 ) A 1930.534 .021 ) 1.000 .223 .223 10.376 Hi .311 
b ( 1, 5 ) - 6 1, 6) A 33186.219 .021:1) 33186.211 .016) 1.00\() .883 .883 9.505 8.398 

2, 4 ) 6 2, 5 ) A 8577.51!!1 .021!!) 8577.507 .(09) 1.00\() 2.934 2.934 10.662 10.376 
:G, 5) - 6 Iil, b) A 63054.597 .\()22) 1.kHl0 .397 .397 ll1J.376 8.272 
3, 4) - 6 1, J) A 97849.298 .037) 1.IHH'i .102 .102 12.769 9.505 
5, 1) - 6 4, 2) A 124437.820 .096) 1.0IH:l .847 .847 20.145 15.995 
3, 3) 6 :G, 4 ) A 63/88.714 .• 026) 1.000 1.538 1.538 12.790 10.662 
1, S) - 6 0, 6 ) A 36949.3101 .020) 36949.304 .014) 1.~HHJ 1.579 1.579 9.5115 8.272 
6, 0) - 6 5, 1) A 152262.794 .180) 1.000 .458 .458 25.224 20.145 
4, 2 ) - 6 3, 3 ) A 96086.684 .047) 1 • \()~0 1.177 1.177 15.995 12./90 
:.!, 4 ) 6 1, 5) A 34682.823 .02(1) 34682.800 .012) 1.01Hl 2.381 2.381 10.662 9.505 
6, 1) - 6 5, 2) A 152262.948 .180) 1.I,:lIiJl1 .458 .458 25.224 20.145 
4, 3) - 6 3, 4) A 96693.542 .047) 1.000 1.174 1.174 15.994 i 12.769 
2, 5 ) - 6 1, 6) A 59291.510 . (20) 1.000 1.126 1.126 10.376 8.398 
5, 2) - 6 4, 3) A 124453.024 .096) 1.000 .847 .847 20.145 15.994 
1, 4 ) - 6. 2 5) A 7171111.10105 .1.<l25) 1.r.HHl 1.4Co!3 1.4[,)3 12.76.9 HL376. 
6, 1) - 6 6, 0) ·A 85927.210 .039) 1.000 4.938 4.938 28.091 25.224 
4, 3) - 6 4, 2) A 86251:1.551 .028) 1.000 12.534 12.534 18.872 15.995 
2, 5 ) - 6 2, 4 ) A 90156.476 .029) 1.000 17.129 17.129 13.669 111J.662 
0, 7 ) - 6 0, 6 ) A 79783.893 .029) 1.000 18.260 18.260 Hl.934 8.272 
5, 2 ) - 6 5, 1) A 86030.189 .032) 1.1500 9.116 9.116 23.015 20.145 
3, " ) 6. 3, 3) A 071 (j1 .20:; .1d27 ) l.fHiil 1:;.105 15.105 15.(j97 12.7?a 
1, 6 ) - 6 1, 5) A 88851.610 .029) 1.000 18.031 18.1331 12.469 9.505 
5, 3 ) - 6 ( 5, 2) A 86029.422 .032) 1.000 9.116 9.116 23.015 21?145 
3 , 5 ) - 6 ( 3, 4 ) A 86265.798 • 027) 1 .000 15.182 15.182 15.646 12./69 
1, 7 ) - 6 ( 1, 6) A 78481.394 .028) 1.l:llhi 18.1411 18.140 11.016 8.398 
6, :<0) - 6 6, 1 ) A 85927.204 .039 ) 1.000 4.938 4.938 28.091 25.224 

/\ <:I, 4 ) - b 4, 3) A 86210.053 .(28) 1.000 12.!:d4 12.534 IB.B/I!! 15.~Y<:l 

7 ( Lo, 6) - 6 2, 5 ) A 84454.758 .028) 1.0150 17 .019 17.019 13.193 10.376 
7 ( .2 , 5) - 6 0, 6) A 161788.580 .045) 1.000 .154 .154 13.669 8.272 
7 ( .3, 4) - 6 1, 5) A 185632.798 .057) 1.000 .113 .113 15.697 9.505 
7 ( 6, 1 ) - 6 5, 2 ) A 23819ti.158 .190) 1.000 2.530 2.530 28.091 21il.145 
7 ( 4, 3) - 6 3, 4) A 182959.451 .(67) 1.000 1.669 1.669 18.872 12.769 
7 ( :<:, 5 ) - 6 1, 6 ) A 158025.493 .044) 1.000 .322 .322 13.669 8.398 
7 ( 5, 2) - 6 4, 3 ) A 210483.367 .111) 1.000 2.094 2.094 23.015 15.994 
7.( 3, 4) - 6 2, 5) A 159527.505 .047) 1.IHl0 1.144 1.144 15.697 HJ.376 
6 ( 5, 2) - 7 4, 3) A 38187.115 .084) 1.1IJ00 .105 .105 21:1.145 18.872 
7 ( 2, 5) - 6 3, 4) A 26989.978 .024) 1.000 .368 .368 13.669 12.769 
1 ( 0, 7 ) - 6 1, 6) A 76020.807 .028) 1.000 2.393 2.393 10.934 8.398 
6 ( 4, 3) - 7 3, 4 ) A 891~.032 .0211) 8910.041 .033) 1.000 .208 .208 15.994 15.697 
7 ( 1, 6) - 6 2, 5) A 62746.317 .028) 1.0010 .925 .925 12.469 10.376 
"1 ( 5, 3 ) - 6 4, 2) A 210467.088 .111 ) 1.0il0 2.094 2.1:194 23.015 15.995 
7 ( 3, 5) - 6 2, 4 ) A 149432.296 .049) 1.000 1.294 1.294 15.646 10.662 
7 ( 1, 7 ) - 6 0, 6) A 82244.481 .029) 1.000 2.456 2.456 11. 016 8.272 
7 ( 6, 2) - 6 5, 1) A 238189.997 .190) 1.000 2.530 2.530 28.091 20.145 
7 ( 4, 4) - 6 3, 3 ) A 182281.380 .(68) 1.000 1.674 1.674 18.870 12.790 
7 ( 2, 6) - 6 1, 5 ) A 110560.051 .037) 1.000 1.401 1.401 13.193 9.505 
6 ( 4, 2) - 7 3, 5 ) A 111442.968 .(20) 10443.102 .033) 1.000 .206 .206 15.995 15.646 
7 ( 1, 7 ) 6 2., 4 ) A 10612.391 .020) 10612.378 .(28) 1.000 .133 .133 11. 016 10.662 
6 ( 5, 1) - 7 4, 4) A 38243.125 .084 ) 1.000 .105 .105 20.145 18.870 
7 ( 2., 6) - 6 3, 3 ) A 12088.515 .020) 121188.538 .020) 1.000 .295 .295 13.193 12.790 
7 ( 3, 4 ) - 7 3, 5) A 1517.702 .004) 1.000 6.133 6.133 15.697 15.646 
7 ( 1, 6 ) - 7 1, 7 ) A 43556.415 .020) 43556.432 .020) 1.000 .807 .807 12.469 11.016 
7 ( '2., 5 ) - 7 2, 6) A 14279.226 .020) 14279.225 .(13) 1.000 2.415 2.415 13.669 13.193 
7 ( 2, 6 ) - 7 0, 7) A 67n5.462 .024) 1.001l .504 .504 13.193 10.934 
7 ( 3, 5 ) - 7 1, 6) A 95263.487 .035) 1.000 .184 .184 15.646 12.469 
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~. Th..- microwave;> "pe;>ot.rl.>m for tho 11. c~'1tUllo-t.ry Cto.-t.c o£ H 1 2C 16°
2 

12CH3 - Cont.inl.>co.. 

QUAN'I:UM. NUMBERS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENG'l'1:i ENERGY 
J K+ K- J' K+ K- FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELA'l'IVE RIG. ROTOR TO'l'AL UPPER LOWER 

b, I) f'.. 179942..524 .301 ) 1.000 .46:l .46:l .:s4.IO:l3 Lti.0Yi 
4, 3) A 124217.458 .093) 1.000 1.211 1.211 23.015 18.872 
2, 5) A 60793.522 .025) 1.000 1.970 1.970 15.697 13.669 
0, 7) A 46017.048 .020) 46017.0210 .019) 1.000 1.517 1.517 12.469 HI.934 
5, 2) A 152159.816 .176) 1.000 .863 .863 28.091 23.015 
3, 4 ) A 95175.951 .045) 1.000 1.519 1.519 18.872 15.697 
1, 6) A 35~87.664 .02.0 ) 35987.667 .1311 ) 1 .• 000 2.805 2.805 13.669 12.469 
5, 3 ) A 152160.730 .176) 1.1300 .863 .863 28.091 23.015 
3, 5 ) A 96637.797 .044) 1.000 1.509 1.509 18.870 15.646 
1, 7 ) A 65264.874 .1323) 1.IiJIHl 1.213 1. 213 13.193 11.016 
6, 2) A 179942.531 .301 ) 1.000 .462 .462 34.093 28.091 
4, 4 ) A 124272.392 .093) 1.01Hi 1.211 1.211 23.015 18.870 
2, 6 ) A 73555.045 • (23) 1.000 1.675 1.675 15.646 13.193 
6, 1) A 98279.743 .051 ) 1.000 9.307 9.307 31.369 28.091 
4, 3 ) A 98792.267 .043) 1.000 15.951 15.951 22.167 18.872 
2, 5 ) A 103478.641 .044 ) 1 .lJtlfl 19.992 19.992 17.121 13.669 
11, 7 ) A 9~229.612 .044) 1.000 20.882 20.882 13.943 10.934 
7, I'J) A 98190.603 .060) 1.000 4.986 4.986 37.368 34.093 
5, 2 ) A 98435.776 .1:l4~l 1 .~HHJ 12..962 12.962 26.299 23.015 
3, 4 ) A 1 kHJ308. 158 .1143) 1.000 18.270 18.270 19.043 15.697 
1, 6 ) A 101:1490.661 .045) i .000 20.621 20.621 15.821 12.469 
7, 1) A 9819~.602 .660) 1.000 4.986 4.986 37.368 34.093 
5, 3 ) A 98432.729 • fi45) 1.000 12.962 12.962 26.298 23.01 S 
3, 5) A 98611.142 .043) 1.01!l0 18.259 18.259 18.936 15.046 
1, 7) A 89316.632 .1)44) 1.kHl0 20.818 20.818 13.995 11. 1116 
6, 2) A 98279.702 .051) 1.1:l00 9.307 9.307 31.369 28.1!l91 
4, 4 ) A 98682.588 .043) 1.000 15.951 15.951 22..161 18.870 
2, 6) A 96076.826 .IH3) 1.000 19.831 19.831 16.398 13.1:13 
10, 7 ) A 185483.328 • (60) 1.IHl0 .136 .136 17.121 10.934 
1, 6 ) A 1971189.347 .068) 1.011i:l .17'- .172 19.1!l43 12..469 
5, 3 ) A 250440.480 .201 ) 1.000 2.548 2.548 31.369 23.015 
3, 5) A 195485.920 .lI81) 1.000 1.691 1.691 22.167 15.646 
1, 7 ) A 183022.740 .060) 1.01Hi .245 .245 17.121 11.016 
4, 4) A 2227119.090 .124 ) 1.000 2.124 2.124 26.299 18.870 
2, 6) A 175380.905 .061 ) 1 • ~HJ0 1.074 1.074 19.043 13.193 
4, 4 ) A :2;424. :269 • "'/1) 1.01Hi .193 .193 ,/,. tI,l C, ')'LHi7 
3, 5 ) A 4421:1:::.823 .iiJ2LJj 442112.821 .036) 1.01:Hl. .506 .506 17.121 15.646 
1, 7 ) A 87769.024 .044) 1.000 2.884 2.884 13.943 11.1:i 16 
" , 4 ) A 5188.1063 .1!J28) 1.000 .301 .301 19.043 18.870 
2., 6 ) A 78782..219 • (43) 1.iHH) 1.276 1.276 15.821 J 3.193 
4, 3) A 222649.265 .125 ) 1.000 2.1:::4 2.124 ~6. 298 18.872 

. 8 2,. 5 ) .... 1 S78E!6.S16~ .063) 1. OliO 1.363 1.363 1 a .936 1:L 669 
ti, 7) A 9177i.220 .1144 ) 1.000 2.917 2.917 13.995 10.934 
5, 2) A 250439.510 .201 ) 1.000 2.548 2.548 31.369 23.1!J15 
:3 , 4 ) A 193Bk12.683 .IJB2) 1.L11HiJ 1.704 1 .704 22.161 15.697 
1, 6 ) A 111-/85.267 .0511) 1.000 1.663 1.663 16.398 12.469 
4. 3 ) A 1917.489 .027) 1.000 .296 .296 18.936 18.87;': 
2, 5) A 97/~.544 .020) 9772.533 .044 ) 1.01Jkl • li::)5 • HiS 13.995 13.669 
4, 5 ) A 255911.715 .1971 ) 1.000 .182 .182 23.015 22.161 
3, 4 ) A 211:H14.fJ79 • (32) 1.0013 .345 .345 16.398 15.697 
3, 6) A 3214.718 .007 ) 1.01:\11 5.244 5.244 19.043 1 B .936 
1, 8) A 54730.461 • ;j28) 1.IHjfJ .766 .766 15.821 13.995 

8 2, 7 ) A 21681.041 .020) 21681.040 .1116 ) 1.00G 2.036 2.036 17.121 16.398 
8 11 , 8) A 73572.675 .031 ) 1.0010 .589 .589 16.398 13.9B 
8 1, 7) A 93383.968 .035) 1.001:l .302 .302 18.936 15.821 
8 6, 2) A 179853.383 .297) 1.1300 .876 .876 37.368 31.369 
8 4, 4 ) A 1238611.967 .091 ) 1.000 1.558 1.558 26.299 22.167 
8 ( 2, 6 ) A 57623.048 .020 ) 57623.039 .024 ) 1.0111) 2.475 2.475 19.043 17.121 
8 ( 11, 8) A 56278.069 .027 ) 1.1Hi0 1.457 1.457 15.821 13.943 
a ( 6, 7, 1) A 2bi 6119.367 .471D) 1.I'Hil') .46::; .46:; 44.29:) 37.3GG 
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Table 4. The microwave spectrum for the A symmetry state of 3 12C160 12CH - Continued. 2 3 

---------------------------------------------------------------------------------------------------------------------
QUA1~lUN NlW,bJ:;h':> 1'1E,ASUf<.1D 'l'kANSl'l'IUN CALCULATED 'i'kANSI'l'ION LIl~E, S'l'kEi'<G'l'H E.i~ERGY LEVELS 

.) K+ K- - J' K+ K- 5 FrtJ:;QlJ£NC'l: UNCER'I'Ali,'l'Y FREQUENCY liNCER1'AIN'l'Y kELA'I'l VE, RIG. kO'rOf< 'l'Ol'AL UPPER LO\.'<£R 
-~---------------------------------------------------------------------------------------------------------------------
tit b, L) - S, 3 ) A 1521:;03.763 .173 ) 1.000 1.23St 1.239 31.369 L6.2~9 
I) ( 4, 'i) - 3, 5 ) A 93660.1360 .kJ44) 1.0flk:l 1.862 1.862 L:2.167 19.043 
b ( L, 6 ) - 1, 7 ) A 38St7S.67k:1 .02U) 38St75.647 .012) 1.IHHj 3.11911 3.\190 17.121 15.821 
o ( 8, 1) 7, 2) A 2lJ76k:19.367 .470 ) 1.000 .465 .465 44.293 37.368 
o ( 6, 3 ) - 5, 4 ) A 152007.703 .173) 1.1300 1.239 1.239 31.369 26.298 
b ( 4, 5 ) 3, 6 ) A 96709.243 .043 ) 1.000 1.836 1.836 22.161 18.936 
d ( L., 7 ) - 1, 8) A 72025.068 .030) 1.000 1.273 1.273 16.398 13.995 
tl 7, 2) - 6, 3 ) A 179853.432 .297) 1.1300 .876 .876 37.368 31 .369 

5, 4 ) - 4, 5 ) A 124022.533 .090) 1.000 1 .557 1.557 26.298 22.161 
3, 6 ) 2, 7 ) A 76089.362 .024) 1.000 1. 919 1.919 18.936 16.398 
8, 1) - 8, 11) A lHJ455.273 .091 ) 1.000 5.023 5.023 47.978 44.293 
6, 3 ) - 6, 2) A 110663.387 .070 ) 1.0013 13.295 13.295 35.060 31.369 
4, 5 ) - 4, 4 ) A 111453.252 .065) 1.1'1013 19.198 19.198 25.885 22.167 
2 7) - 2, 6 ) A 116557.788 .~67) 1.kHH:) 22.789 22.789 21.009 17.121 u, 9) - 0, 8) A 100683.331 .067) 1.060 23.520 23.520 17.302 13.943 
7, 2) - 7, 1) A 110535.111 .079) 1.IH10 9.454 9.454 41.055 37.368 
5, 4 ) - 5, 3 ) A llkl890.204 .066 ) 1.0110 16.544 16.544 29.997 26.299 
3, 6 ) - 3, 5 ) A 113756.562 .065) 1.000 21.26"/ 21.267 ~2.837 19.043 
1. 8 } - 1. 7 } A 111682.141 .067 } 1.1300 23.175 23.175 19.546 15.821 
7, 3 ) - 7, 2) A 110535.109 .079 ) 1.000 9.454 9.454 41.055 37.368 
5, 5 ) - 5, 4 ) A 11013810.395 .0(6) 1.000 16.544 16.544 29.997 26.298 
3, 7 ) 3, 6 ) A 110887.1143 .(66) 1.iHi0 :::1.235 21.235 22.634 18.936 
1, ~ ) - 1, 8 ) A 1000811.504 .067 ) 1.fHH) 23.486 23.486 17.333 13.995 
8, ~ ) - tl, 1 ) A 110455.273 .091 ) 1.000 5.023 5.023 47.978 44.293 
6, '" ) 6, :$) A 11 ~66:;.1 113 .1270) 1.00111 13 :<95 13 '~<:, ~ (,1 h Cl ',1. "If,q 
4, 6 ) - 4 , 5 ) A 111195.913 .065 ) 1.000 19.198 19. 98 25.871 22.161 

'1 2, 8 ) 2, 7 ) A 107543.664 .066) 1.000 22.593 22.593 19.985 16.398 
9 L, 7) - 1'), 8 ) A 211811.5193 .I:J85) 1.000 .112 .112 21.009 13.943 
9 3, 6 ) - 1, 7 ) A 2HJ355.248 .087) 1.0130 .234 .234 22.837 15.821 
9 4, 5) - 3, 6 ) A 208328.030 .102) 1.IHHl 1.698 1.698 25.885 18.936 

2, 7 ) 1, 0) A 21\J:<C3.09S .'-lOS) 1.0IH) •. 1 SS .1 sa :n .009 13.995 
9 5, 4 ) - 4, 5) A 234916.706 .144 ) 1.1'160 2.154 2.154 2$1.997 ~2. 161 
9 3, 6 ) - 2, 7 ) A 193060.642 .082) 1.0110 .964 .964 22.837 16.398 
b 5, " ) - 4, 5 ) A 124U3.746 .061 ) 1.000 .269 .269 26.298 25.885 
9 2, 7 ) 3, 6 ) A 62149.466 .059 ) 1.000 .676 .676 21.009 18.936 
9 0, 9 ) - 1, 8 ) A 99135.723 .068) 1.000 3.369 3.369 17.302 13.995 
8 6, 3 ) - 5, 4 ) A 41113.530 .142) 1.1300 .163 .163 31.369 29.997 
9 3, 6 ) - 4, 5 ) A 20262.037 .042) 1.000 .399 .399 22.837 22.161 
9 1, 8 ) - 2, 7 ) A 94387.534 .1366) 1.000 1.692 1.692 19.546 16.398 
9 5, 5 ) - 4, 4 ) A 234737.393 .145) 1.000 2.155 2.155 29.997 22.167 

'" 
3 , 7 ) 2 , 6 ) A 165295.365 .083) 1.0(Hl 1.457 1.457 22.634 17.121 

9 1, 9 ) - 0, 8) A 101628.112 .1367) 1.000 3.387 3.387 17.333 13.943 
9 4, 6 ) - 3, 5 ) A 204690.438 .104) 1.006 1.729 1.729 25.871 19.043 
9 2., 8) 1, 7) A 124838.270 .070 ) 1.fHH$ 1. 983 1.983 19.985 15. 8~1 
8 6, ~ ) - 5, 5 ) A 41127.357 .142) 1.000 .163 .163 31.369 29.997 

3, 7 ) - 4, 4 ) A 14\:)12.303 .1:120) 14012.266 .041 ) 1.000 .384 .384 22.634 22.167 
5, 3 ) - 4, 6 ) A 128 3u. 6", 1 .02tJ) 12830.588 • k:l61 ) 1.0010 .269 .269 26.299 25.871 
~, Il) - :; , 5) A 28239.584 .055) 1.01Hl .365 .365 19.985 19.043 
3, 6 ) .3 , 7 ) A 6tJ84.237 .011 ) 1.000 4.491 4.491 22.837 22.634 

~ 1, 8) - 1, 9 ) A 66332.1198 .043) 1.000 .748 .748 19.546 17.333 y ~ , 7) 2, 8) A 306:t5.161 • ",20) 3",695.164 .018 ) 1.000 1.764 1.764 21.009 19.985 
9 4, 6 ) - 2, 7 ) A 145755.690 .068 ) 1.0(Hl .113 .113 25.871 21.009 
:t L., 8) - JO, 9) A 80433.008 .044) 1.000 .650 .650 19.985 17.302 
:t 3, 7) - 1, 13) A 9£588.871 .036) 1.01<Hl .455 .455 22.634 19.546 
9 SI, 0) - 8, 1) A 235262.404 .693) 1.000 .467 .467 55.825 47.978 
~ 7, 1) 6, 3) A 1797L.5.108 .293) 1.0010 1.261 1.261 41.1155 35.060 
9 5, 4 ) - 4, 5 ) A 123297.91~ .089) 1.01:111 1.898 1.898 29.997 25.885 
9 ( 3, 6 ) - 2, 7 ) A 548~ 1.929 .020) 54821.814 .ti25) 1. k:i01Zi 3.043 3.1043 22.837 21.009 
':it 1, 8) - iV, 9) A 67276.879 .042) 1.000 1. 415 1. 415 19.546 17.3u2 
SI( 0, 1 ) - 7, 2) A 211;5<:9.529 .465) 1.000 .887 .887 47.978 41. 0:::':::' 
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']'dol" 4. The nli.crowave spectruQ for the A symmetry state of H12C160212CH - Continued. 

------------~---------------------------------------------------------------------------------------------------------
QUANlUM KU~o~R;:; MEASUR£D TRANSITION CALCULATED TRANSITION LINE S'l'RE~G'rH ENERGY LEVELS 
K+ K- J K+ K- S E'REQUENCY i.JNCERTIUtiiTY E'REQUENCY UNCERTAINTY RELATIVE RIG.ROTOR TOTAL OPPER LOWER 

---------------~------------------------------------------------------------------------------------------------------
6, ~ ) 9 5, 4 ) A 151716.965 .170) 1.000 1.595 1.595 35.060 29.997 
4, 5 ) - 9 3, 6 ) A 91356.749 .046) 1.000 2.220 2.220 25.885 22'~ 837 
;;; , 7 ) 9 1, 8 ) A 43851.266 .11.20) 43851.294 .014 ) 1.000 3.216 3.216 21.009 19.546 
8, 2 ) 9 7, 3 ) A 207529.531 .465 ) 1 • 0~0 .887 .887 47.978 41.055 
6, 4 ) - 9 5, 5 ) A 151790.501 .170) 1.000 1.595 1.595 35.06k1 29.997 
4, 6) - 9 3, 7 ) A 97018.113 .IH4) 1.IH)0 2.156 2.156 25.871 22.634 
"' , t) - 9 1, 9 ) A 79488.227 .044) 1 • 000 1 . 313 1 • 313 19.985 17.333 
9 , 1) - 9 8 , 2 ) A 235262.4~4 .693) 1.000 .467 .467 55.825 47.978 
7, 3 ) 9 6, 4 ) A 179725.348 .293 ) 1.0110 1.261 1.261 41 • ~55 35.0611 

9 5, 5 ) - 9 4, 6 ) A 123707.k114 .089 ) 1.000 1.896 1.896 29.997 25.871 
~ 3, 7 ) - 9 2, 8 ) A 79432.741 .026) 1.IHl0 2.128 2.128 22.634 19.985 

lt1 8, 2 ) - 9 8, 1) A 122793.793 .115 ) 1 .~HHj 9.573 9.573 52.074 47.978 
117 6, 4 ) 9 6, 3 ) A 1231(182.382 .098) 1.000 17.017 17.017 39.166 35.060 
hi ~ , 6 ) - 9 4, 5 ) A 124276.057 .095) 1.0011 22.327 22.327 3i:l.113fJ 25.885 
1 L., 8 ) 9 2, 7) A 129311L076 .098) 1.000 25.519 25.519 25.322 21.009 
11::1 1i,11'J) 9 0, 9) A 111171.563 .099 ) 1.000 26.166 26.166 21.1111') 17.302 
111 9, 1) - 9 9, I) ) A 1227210.991 .130) 1.000 5.052 5.052 59.919 55.825 
116 7, 3 ) - 9 7, 2) A 122904.655 .104) 1.01.10 13.561 13.561 45.155 41 .11155 
lI'J 5, 5 ) - ~ 5, 4 ) A 123403.281) .695) 1 • ~U0 1 ~. 941 1~.Y41 J4. I 14 L.~.997 
10 3, 7 ) - 9 3, 6 ) A 127452.398 .096) 1.000 24.214 24.214 27.089 22.837 
Hi 1, 9 ) - 9 1, 8) A 122458.185 .097 ) 1.000 25.715 25.715 23.631 19.546 
HI 9, 2 ) 9 9, 1) A 122720.991 .130) 1.IHH) 5.052 5.052 59.919 55.825 
Hl 7, 4 ) - 9 7, 3 ) A 122904.644 .1134) 1.000 13.561 13.561 45.155 4 I .1155 
10 5, 6 ) 9 S, 5 ) A 123376.177 .095) 1.IHHl 19.940 19.940 34.112 29.997 
10 3, 8) 9 3, 7) A 12306111.239 .096) 1.000 24.136 24.136 26.739 22.634 
H) 1,11'J) - 9 1, ~) A 110790.456 .099) 1.000 26.148 26. 148 21 • ~29 17.333 
111 8, 3 ) - 9 8, 2) A 122793.793 .115) 1.001(1 9.573 9.573 52.074 47.978 
h 6, 5 ) 9 6, 4 ) A 1231(181.661 .098) 1.000 17.017 17.017 39.166 35.060 
lkJ 4, 7 ) 9 4, 6 ) A 123736.373 .095) 1.000 22.326 22.326 29.998 25.871 
h .;: , 9 ) - 9 2, 8) A 118854.560 .096) 1.IHHl 25.319 25.319 23.949 19.985 
h 3, 7 ) - 9 I, 8) A n6125.51:J5 .115 ) 1 • 0~0 .283 .283 27.11189 19.546 
lkJ 4, 6 ) - 9 3, 7 ) A 221717.1)43 .131 ) 1.000 1.683 1.683 30.030 22.634 
h 2, 1:1) 9 I, 9) A 239493.468 .122) 1.0110 .146 .146 25.322 17.333 
lk1 5, 5 ) - 9 4, 6) A 247124.072 .172) 1.000 2.182 2.182 34.114 25.871 
117 3, 7 ) 9 2", 8) A 21:<:969.376 .112) 1.000 .826 .826 27.089 19.985 

9 7, :iI) 1,,; 6, '.I) A 56642.724 .252) 1.1900 .117 .147 41.wl5; 39.166 
hi 4, 6 ) - 9 5, 5 ) A 991.916 .(66) 1.0130 .360 '.360 30.0313 29.997 
hi ~, 8 ) - 9 3, 7 ) A 817572.499 .091 ) 1.000 .887 .887 ~5.322 22.634 
liii i:l,h) - 9 1, 9) A 110226.782 .099) 1.000 3.848 3.848 ~1.010 17.333 

9 6, 4 ) 1" 5, 5 ) A 28373.443 .129) 1.000 .243 .243 35.060 34. 114 
Hi 3, 7 ) - 9 4, 6 ) A 36518.522 .072) 1.000 .502 .5132 27.089 25.871 

1, 9 ) - 9 Z, 8) A. 11i1921I:lZ.£I55 .'697) 1.tHH) 2.161 Z. 161 Z:L u:)l 19. ~B5 
5, 6) - 9 4, 5) A 246660.318 .172) 1.lhifl 2.185 2.185 34.112 25.885 
3, 8 ) - 9 2, 7 ) A 171797.816 .111 ) 1.11130 1.588 1.588 26.739 21.0119 
1,1\') - 9 0, 9) A 111735.237 .099) 1 • 000 3.858 3.858 21.1129 17.302 
4, 7 ) - 9 3, 6 } A 214670.249 .133) 1.1300 1.751 1.751 29.998 22.837 
2, 9) - 9 1, 8) A 132010.690 .098) 1.000 2.361 2.361 23.949 19.546 
6, 3 ) - H) 5, 6) A 28414.566 .129) 1.000 .243 .243 35.1)61:l 34.112 
3, 8 ) - 9 4, 5 ) A 25619.253 .071 ) 1.000 .466 .466 26.739 25.885 
7, 2) - 10 6, S) A 56643.689 .252) 1.000 .147 .147 41.055 39.166 
2, 9 ) 9 ( 3, 6 ) A 33337.582 .087) 1.000 .352 .352 23.949 22.837 
3, 7 ) - 10 ( 3, 8 ) A lf1)476.396 .020) 10476.395 .015) 1.0013 3.845 3.845 27.089 26.739 
1, 9 ) - lid 1,1kJ} A 77999.826 .065) 1.000 .744 .744 23.631 21 • ~29 
4, 6 ) - 1f! 4, 7 ) A 962.558 .IH'4) 1.1:l1:l1:l I. I jb I.I.H) :3£1.11:31'.1 2.9.998 
2, ill - H) 2, 9) A 41150.681 .021 ) 1.000 1.575 1.575 25.322 .23.949 
4, 7 ) - 110 2, 8) A 140181.987 .072) 1.01il0 .178 .178 29.998 25.322 
Lo, 9 ) HI lO,h) A 88116.006 .1164) 1.01:l1j .693 .693 23.949 2].010 
3, 8) - 10 1, 9) A 931915.925 .1140) 1.IHHi .629 .629 26.739 23.631 
9, 1) - 110 8, 2 ) A 235189.601 .687) 1.000 .895 .895 59.919 52.074 
"/ , j I - lid '6, 4 ) 1\ 1795il7.381 .2.9'0) 1.0i1l0 1.62.6 1.6:.!.6 4~.1~~ j~. Hit) 
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~~id~1f~\;W:·Tl1~yIiti;;rC;\.ia:;;e' f;P~qt:rrim<~()fth~':i\ ··iYnirtl~t-ry:,sta~e';of-li!2ct6bh)FC:H.3~ •. ·'--cbiit;intled·;:: 
_'i_ ._~:_~ _ . . 

.. ···(LHm. STRENGTfl.,· ;:,E~~~p#;::i:iv~'LS,! 
RELATIVE RIG .ROTORTOTAr:.·.·ijPPER·· ':L9WE~ 

~~'ffn1TET~:::~~:~"~~~:::~-~JmTII~rT~im---TI~r-TIr--!Jm--~-n~~~-;1f~J~' 
Hrt t:t'/··4)·;;'·HlC,5i '5lA c 151456.067 (;169) 1.000 1.9401.94.0 39d6'6,' ":34 Lll'4' 
•. !~.J('·.·:.'42.·.{.,'·.;68·.· •. )1" ,,-,"10X·3., 7) A 88180~409 (~04'9) '1.000 2;610 2.610 30.'030 :;21~~8~ 
HI.· .. ·.............. Hl( 1, 9·) A 50703;.109. (20) 50703.185 ( .(17) 1. 000 3.207 3.207 '25 .322; · .. ,23;~~i:f; 

,~r~((': .. 8~~:?)· 1'0(~: 4) A 21H418.681 (:0460) 1.000 1 ~280 L28052.~07··4 }i:~~~:'}:f;~~r 
~.IJ·~iE.~;>,tJ.'9~)):· ~:~ 3; ~J.~ l~j:~~:~:~,i :~:~r ~:::: ~:~:: t~:r:~~:}~~;2·6~'C7~.9; 

Oft." .•.... ".- 1.3:( 1;)13) A 87552 •. 331 (.1:165) 1.{HHl 1 3413 1.340 . 2:a~949:.21;.~,Hi~4~ 

t},!tl':~f}'il··~:rght lI!UH:tiH1 JH~ ·1 ::::;JH ;:1H1izrn F':·~,~t~~~,~ 
':~l~wt::,-a;;':\'~8) '",- l0·(:::~, -·9>'.'~ A·- 8363B:~·.42"0 ("".032) :1,.000 2.30"2 2·~'3.0·2 ~··<~::~763'.:.'71:':·9~-·91;:;'~.;' .. 6~~8;,·~.Z.';6·~.· •.. ~8·.;;~ 
"~151J)t(; .•. t .. 08";',):13 •. · ••• )l-"-:- HleU,'Iii), A 134987.689 { .·180.) 1.000 5.076 5.076 ' .. ". .' ....<> 
....•.........•..•........ .., 10( 8, 2) A 135153.105 ( 148) 1~000 .13.779 13.779 56.'582·>S·2..;0'J4'i: 
I:'1,:;(o~(j;;>5r- ·lMl.6,4).A 13554L358' ( 134) 1.000- 20.546 '20.546 4,~,~·6,87':"33~ .•. ·.;',,1~3 .. ~i~.~ 
}iJ;{,.4(7) ." H'{ 4, 6-)'A i37313~203 .( 133) 1.0.00 25 370 25.370 34.610,:Duv 
'1H(2;,,9J- Hl( 2; 8) A 141666.868 ( 137) 1.01010 281B4 28.1.84 3~~liI4R'·.·2~'5",/~2 . .?, 

;1;~;:t:',~:CIL:~:~ ~; 1n '~.' ,HH!r:HI'~ ~H!r LH! :tHi :tHt·Htl!r;, ',li~~.i"U·i;~ 
?J;~4s.;I::} -- 10('5,5) A 135988.364 ~ .. 133) L000 23.20'3 23.203 38.650~'4\J)A;·;: 
A+{';~c;>8).,. 10( 3, n A 1412-60.282 ( 135) ·1.000 27 128 27.-128 .3L801·;2'T~~!i~ 
JT(·Jf1,0) - lc0r 1, .-9) A J3292B.6~4 ,( U5) 1.000 28.267 2~L267 28.06·52,3V6~=J 
J;l,t=;9:/ 3,) ,'- 10{ 9,'2) A 135054.757 ( Hil) 1.000 9.669 -9.669'64.4245~·~'91'9· 
;rTt~li<5Y- Hr( ,7,41 A 135302.094 ( 139) 1.000 17.405 17~405 49 .• j)~8,-i·~d.:~§ 
JJ:(;·1?li') Hl.{~, 6hA 135921.B21 ( 133) 1.000 23~203 23.203' 38 .• 646' ·,34.VD 
1 .. 1'<':',3,9), '-' 10.( 3, 8) A 135.101.491 ( .~ 135) 1 .000 26. 980 26~980 31; 246 .i6'}7·j~ 
J,1(d''';11l'~ .. li:!r·1~10) A 12146].883 (.138) .1.000 28.807 28.807 25.08I'L·:~)i.;~.~~ 

~~t,P~;::'4} :~i:P~;·;~ ~. g;~g~:~:: ~ :~:~~ ~:::: l~:~;~lt~;~ ~~:~~;~i~;~j~ 
l'VL6.,:6} - .1'1C 6; 5) A 13553~.073 (.134) 1.1300 213.546 2{L54643.687j9)i~~ 

'~:~';btr:~ .. :,~.:~ t~~ ': n;~~~::~~.~ g~~ ~ :::: ~~:~~: ~~::;~: ~~~:~:t, .~i~~:~ 
9tlt-'3, 8)''''; J0:( 1-, 9) A .244927.602 ( 153) 1.000 .301.:301 31:S0123 •. .63j, 
,1)(,,4:; 7) - l0( 3,8) A 235970.·007 ( 167) 1.000 1.63.6 1.636 '34~610 >i'6,~.'1?9' 
ll{:3i 8); -l~( 2, 9). A 23537.5.098 (.15T) 1.000 .681 .681 .31·.801 ;'23,~94~, 
1M {)T, 4)' -. leL( 6; .5) A 44006 ~010 ( .234) 1.000 • 222 ~ 222 45.15~ ~:A'3:.6$7 
'11:(,;4·, '7} - Hi:( s~ 6.) A 14928.9.42 (.093) 1 000 .455 .455 34 .• 6HI'3~';lV2 
flf~.)91·10( ,3, '8) ,A 99'179.128 ( 131) 1 ~000 1 15110 151' :30.048 .2K~:749 
If(0,lll-,·Hl( l~l~j A 121131;584 ( 138), 1 000 4.323 4 323 .25.06921'029 
J~J:8,3)lT('7i 4) A 72116.527 (.406) 1.00.0 133 133 5:L014:49~~.6~:8 .. , 
fk:ij':6-,.5)'.·- rl( 5, 6) A 15466~740 ( 125) 1.000 .330 .330 3'9.16638/650 
11,«3',8). -,1-0{4; 7) A 5;4042.431, ( 113) 1.000 .615 .615 31.801.' :W .. :9:9~-; 
lJ.(.Ai10) 10{2;'9)A 123376.099 ( 136) 1.000 2.661 2.66128.065 i3;949:~ 
tJ{3'c9) - HI. ( 2, 8) A '177589.230 ( 147) 1.000 1.762 1.762 31 ~246 25.~.3.2:2~ 
Fl(·lirn .- 10( 0, ltiJ.AJ.2202S.558 ( 138) 1.01Hl 4 .• 328 4.32825.fJ8f{· ;'21eHJ' 
:f:l(Ai~8),-H)( ... 3; 7) A 223500~317 (.170) 1000 1.774 1.774 '34~544 :27':;~i9: 
lJc(·~2:,H:l). ~ nn 1, 9) A 139569 163 ( 135) 1.000 2.788 2.788 '28.286: 23.:63J; 
10T'S,'2Jin 7; 5) A 7211.6.587 (.406) 1 000 .133 .133 ~52.074·'49~668' 
lJj'(6,.2l}'''-lT( 5, 7)A 15575.1'27 ( 125) 1.000 .330 .330 .39.166"38<64.6.' 
1;1(},:9J.'- 10{ 4; 6) A 36444.686 ( 112) 1..000. .533 .5333.l.246 300'3'0 
l~'k.~.'1,1).;.. 11 (6, 6) A 44009~271 (.234) 1.000 .222 222 AL15; "~3~6fiii 
rvr.4,Bt - HJ{ 5, 5} A 12894. 766 '( 093) 1.000 .452 .4523H54434~Y}4 
nL-?,~10) l0( 3, 7) A 35901.842 ( 126) 1.000 .313 .313 28=.286' .pf~;08-~( 
l]{ 3','8) 11( 3; 9} A 16635.189 ;(20) 16.635 .• 187 (.018) 1.000 3.298 3.298 3T.B01:.3{,.446' 
,11(.li10) - 11('1.,11) A 8946'6.547 (.095) 1 •. 000 .7-49 ;749 28.065 25~'0a0 
;rr(:~) 7)- In 4, a)A 1993~295 (.007) 1.000 6.894 6.894 34.6103,4\j~~ 
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Table 4. The microwave spectrum for the A symmetry state of H 12C 1602 12CH3 - Continued. 

---------------------------------------------------------------------------------------------------------------------
QDAN'I'UM NUMBf:.kS Mf.ASURED TRANSI'l'ION CALCULA~ED TRANSITION LINE STRENGTH ENERGY LEVE.LS 

J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCE:RTAINTY RELATIVE RIG. ROTOR 'l'O'I'AL UPPER LOwER 
----------------------------------------------------------------------------------------------------------------------
II ( .t., ~) - II( ~, 11j) A !:>~iliH:1.!HH1 .(20) 5281Hl.891 .029) 1.IHHl 1.4:; I 1.4!:l1 JkJ.kJ4tl Ltl.LtHj 
11( 4, 8) - 11 ( 2, 9) A 134797.5B4 .0B0} 1.000 .273 .273 34.544-- 30.048 
11 ( 2(110) - 11 ( 0,11 ) A 96437.405 .093 1 1.000 .723 .723 28.286 25.069 
11( 3, 9) - 11 ( 1,10) A 95363.812 .048) 1.000 .805 .805 31.246 28.065 
111 9, 2) - 11 ( 8', 3) A 235091.253 .681 ) 1.000 1. 296 1.296 64.424 56.582 
11( 7. 4 ) ll( 6, 5 ) A 179308.163 .288) 1.000 1.978 1.978 49.668 43.687 
II ( 5, 6) - Il( 4, 7 ) A 121100.303 .093) 1.0!Hl 2.577 "2.:;77 ::Sil.o!:lkl JLolkl 
11( 3, 8) - 11 ( 2, 9) A 52557.587 .(20) 52557.549 .028) 1.000 4.170 4.170 31.801 31L 048 
ll( 1,10) - 11 ( 0,11 ) A 89796.846 .095) 1.1300 1.382 1.382 28.065 25.069 
11 ( 8, 3) 11( 7, 4) A 2137269.632 .456) 1.000 1.653 1.653 56.582 49.668 
11 ( 6, 5) - 11 ( 5, 6 ) A. 1510139.061 .169) 1.000 2.280 2.2813 43.687 38.650 
11( 4, 7 ) - 11 ( 3, 8) A 84233.330 .054) 1.0013 3.052 3.052 34.610 31 .8131 
11 { 2, 9) - 11 ( 1,10) A. 59441.450 .026) 1.131313 3.115 3.115 30.048 28.065 
11 ( 8, 4 ) - 11 ( 7, 5) A 207269.691 .456) 1.000 1.653 1.653 56.582 49.668 
11 ( 6, 6) - 11 ( 5, 7 ) A 151113.237 .169) 1.000 2.279 2.279 43.6B7 38.646 
11 ( 4, 8) - 11( 3, 9) A 98875.222 .052) 1.000 2.764 2.764 34.544 31.246 
1l( 2, Hl) - 11 ( 1,11) A 96107.H16 .093 ) 1.00£1 1.356 1.356 28.286 25.0813 
11 ( 9, 3) - 11 ( 8, 4) A 235£191. 254 .681 ) 1.000 1.296 1.296 64.424 56.582 
11 ( 7 I 5) - 11( 6, 6 ) A 179311.352 .288) 1.13013 1.978 1.978 49.668 43.687. 
1l( 5, 7 ) - ll( 4, B) A 122986.174 .092) 1.0£10 2.565 2.,565 38.646 34.544 
11 ( 3, 9) - 11( 2,10) A 88723.253 .043) 1.000 2.439 2.439 31.246 28.286 
12 (1 k'J, 2) - 11 (10, 1) A 147317.5£12 .218) 1.000 9.750 9.750 78.105 73.191 
12 ( 8, 4) - 11( 8, 3) A 147535.349 .1913) 1.0013 17.727 17.727 61; 503 56.582 
12 ( 6. 6) - 11 ( 6. 5 ) A 14BIUS.64S .1 B0) 1.000 23.930 23.930 48.625 43.687 
12 ( 4., 6 1 - 11( 4, 7 ) A 150618.HIe] .180) 1.iil00 28.350 28.350 39.634 34.610 
1 ~ ( 2,1 k'J) - 11 ( 2, 9) A 153566.721 .184) 1 • 0~0 30.789 30.789 35.170 30.1'148 
1 ~ ( !O, 1~) - 11 ( 0,11 ) A 132246.559 .187) 1.000 31.469 31.469 29.481 25.069 
i 2{11, 1) - 11 (11, 0) A 147255.392. .241 ) 1.000 5.097 5.097 87.793 82.882 
12 ( 9, 3 ) - 11 ( 9, 2) A 147406.155 .202) 1.000 13.960 13.960 69.341 64.424 
12 ( 7, Ii) 11 ( 7, 4 ) A 14j73~.SB0 .1 Q:<) 1.1H'liIl ::>1 .0<;£1 21.0S0 54.596 49.668 
12{ 5, 7) - 11 ( 5, 6 ) A 148664.344 .179) 1.000 26.364 26.364 43.609 38.650 
12( 3, 9) - 11 ( 3, B) A 155002.095 .183) 1.000 30.011 30.011 36.971 31.801 
12 ( 1,11) - 11 ( 1,11d) A 1432410.314 .182) 1.000 30.846 30.846 32.843 28.065 
12 (11, 2) - 11 (11, 1) A 147255.392 .241 ) 1.1300 5.097 5.097 87.793 82.882 
12 ( 9, 4 ) - 11 ( 9, 3) A 147406.155 .202) 1.1300 13.960 13.961:\ 69.341 64.424 
12 ( 7, 6) - 11( 7, 5) A 14773e.415 .183 ) 1.000 21.05e 21.050 54.596 49.668 
12 ( 5, 8) - 11 ( 5, 7 ) A 148515.859 .180) 1.000 26.364 26.364 43.600 .38.646 
12 ( 3,10) - 11 ( 3, 9 ) A 146987.852 .182) 1.000 29.778 29.778 36.149 31.246 
12 ( 1,12) - 11 ( I, ll) A 132107.034 .187) 1.000 31.465 31.465 29.487 25.080 
12(1':l, 3 ) - 11 (lkl, 2) A 147317.502 .218) 1.000 9.750 9.750 78.105 73.191 
12 ( 8, 5) - 11 ( 8, 4 ) A 147535.346 .190) 1.000 17 • 727 17.727 61.503 56.582 
12 ( 6, 7) - 11 ( 6, 6) A 148039.253 .18e) 1.000 23.930 23.930 48.625 43.687 
12.{ 4, 9) - 11 ( 4, 8) A 148805.755 .181 } 1.000 28.337 28.337 39.508 34.544 
12 ( 2,11 ) - 11( 2,h) A 141044.161 .182 ) 1.000 30.699 30.699 32.991 28.286 
1 ~ ( 4, 8) - 11 ( 3, 9) A 251486.617 .213) 1.000 1.550 1.55e 39.634 31.246 
11 ( 9, 3) - 12( 8, 4 ) A 87555.905 .611 ) 1.0100 .122 .122 64.424 61.503 
1l{ 7, ~) - 12( 6, 6) A 31262.456 .124) 1.000 .304 .304 49.668 48.625 
12 ( 4, 8) - 11 ( 5, 7 ) A 29625.221 .137) 1.000 .551 .551 39.634 38.646 
12 ( 2,1 "" - 11 ( 3, 9) A 117644.358 • 181} 1.000 1.479 1.479 35.170 31.246 
Do( ~,12) - 11 ( 1,11) A 131916.260 .187) 1.000 4.794 4.794 29.481 25.080 
11 ( 8. 4 ) - 11( 7, 5 ) A 59539.051 .384 ) 1.000 .204 .204 56.582 54.596 
11 ( 6, 6) - 12( 5. 7 ) A 2341. 468 .141 ) 1.0"0 • 421 • 421 . 43.687 43.609 
12 ( 3, 9) - 11( 4, 8) A 72762.060 .163) 1.000 .744 .744 36.971 34.544 
12( 1,11) - 11 ( 2, 1~) A 136599.755 .183) 1.000 3.173 3.173 32.843 28.286 
12 ( 3,1 "'l - 11 ( 2.. 9) A 182910.214 • 192) 1 .0lil0 1.991 1.991 36.149 30.048 
12 ( 1,12) - 11 ( 13,11 ) A 132437.333 .187} 1.000 4.797 4.797 29.487 25.069 
12 ( 4, 9) - 11 ( 3, 8) A 2311j45.790 .216) 1.000 1.8139 1.809 39.508 31.801 
12.{ 2.,11) - 11 ( 1,10) A 147684.720 .1 B2) 1.000 3.247 3.247 32.991 28.065 
11 ( 8, 3 ) - 12( 7, 6) A. 59539.277 .384 ) 1.000 .204 .204 56.582 54.596 
11 ( 6, 5) - 12( 5, 8) A 261HJ.626 .141 ) 1.000 .421 .421 43.687 43.61Hl 
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:r~lble 4. The microwave spectrum for the A symmetry state of H12C160212CH3 - Continued. 

----------------------------------------------------------------------------------------------------------------------
QUAN'I'UM NUMBERS MEASURED TRANSITION CALCULATED TRANSI'I'ION LINE STRENGTH ENERGY LEVELS 
K+ K- - J' K+ K- S FREQUENCY UNCERTAIN'I'Y FREQUENCY UNCERTAINTY RELATIVE RIG.ROTOR TOTAL UPPER LOWER 

,-~.--------------------------------------------------------------------------------------------------------------------
Ii ( 3, Iii) - 1l( 4, 7 ) A 46119.335 .162) 1.000 .578 .578 36.149 34.610 
11 ( 9, 2) - 12 ( 8, 5) A 87555.908 .611 ) 1.000 .122 .122 64.424 61.503 
11 ( -; , 4 ) - 12 ( 6, 7 ) A 31272.159 .224) 1.000 .304 .304 49.668 48.625 
1 L ( 4, 9) - II ( 5, 6) A 25712.157 .138) 1.000 .544 .544 39.508 38.650 
12 2,11 ) - ll( 3, 8) A 35685.721 .176) 1.000 .260 .260 32.991 31.801 
1 L 3, 9) - 12( 3,10) A 24649.431 .020) 24649.430 .(19) 1.000 2.851 2.851 36.971 36.149 
1 L I,ll) - 12 ( 1,12) A 100599.827 .134) 1.000 .758 .758 32.843 29.487 
J:l 4, 8) - 12 ( 4, 9) A 3805.640 • (12) 1.000 6.136 6.136 39.634 39.508 
12 2.hll - 12 ( 2. III A 65323.450 .(47) 1.000 1.377 1.377 35.170 32.991 
1;,: 4, 9) - 12 ( 2,1 kJ) A 130036.619 .088) 1.000 .405 .405 39.508 35.170 
I;': 2,11) - 12 ( 0,12) A 105235.007 .130) 1.000 .745 .745 32.991 29.481 
12 5, 8) - 12 ( 3, 9) A 198739.973 .154) 1.000 .125 .125 43.600 36.971 
1 L 3,10) - 12 ( 1,11) A 99111.3513 .061 ) 1.000 .962 .962 36.149 32.843 
12 9, 3 ) - 12 ( 8, 4 ) A 234962.0613 .676) 1.1300 1.676 1.676 69.341 61.5113 
12 7, 5) - 12( 6, 6 ) A 178993.096 .287} 1.1300 2.322 2.322 54.596 48.625 
1 L 5, 7) - 12( 4, 8) A 119146.547 .1399) 1.000 2.928 2.928 43.609 39.634 
12 3, 9) - 12( 2,11l} A 53992.864 .(20) 53992.924 .1331 ) 1.000 4.580 4.5813 36.971 35.170 
) 2 1,11) - 12( 0,12) A 1013790.601 .133) 1 .131313 1.379 1.379 32.843 29.481 
12 8, 4} - 12( 7, 5 } A 207074.401 .453) 1.1300 2.312 2.312 61.503 54.596 
12 6, 6) - 12( 5, 7 ) A 15133913.364 .171 ) 1.0130 2.617 2.617 48.625 43.6139 
12 .4, 0) - 12( 3, 9) A 79649.335 .fl59) 1.flflfl 3.569 3.569 39.634 36.971 
12 2,10) - 12( I,ll) A 69767.856 .(44) 1.131313 2.998 2.998 35.1713 32.843 
12 8, 5) - 12( 7, 6 ) A 2137074.622 .453) 1.000 2.012 2.012 61.503 54.596 
12 6, 7) - 12( 5, 8) A 150636.630 .170) 1.01313 2.616 2.616 48.625 43.6130 
12 4, 9) - 12( 3,10) A 1013693.125 .059) 1.13013 3.040 3.040 39.508 36.149 
12 2,11 ) - 12 ( 1,12) A 1051344.233 .130) 1.1300 1.366 1.366 32.991 29.487 
12 9, 4) - 12( 8, S) A 234962.063 .676) 1.0130 1.676 1.676 69.341 61.5133 
12 7, 6) - 12( 6, 7 ) A 179002.514 .287) 1.000 2.322 2.322 54.596 48.625 
12 5, 8) - 12( 4, 9 ) A 122696.278 .1397) 1.IHl0 2.899 2.899 43.600 39.508 
12 3,111) - 12( 2,11) A 94666.944 .059) 1.1300 2.543 2.543 36.149 32.991 

a rtererence [75AJ 
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Table 5. The microwave spectrum for the E symmetry state of H 12c 1602 12CH3 

---------------------------------------------------------------------------------------------------------------------, 
QUANTUM NUMBERS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENGTH ENERGY LEVELS 

J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELATIVE RIG.ROTOR TOTAL UPPER LOWER ----------------------------------------------------------------------------------------------------------------------
1{ ~, 1) - 0, 0) E 12218.155 .020) 12218.171 .013) 1.000 2.657 2.657 .421 .013 
1 ( 1. 11 - 0. 0) E 2'1284."'3'1 • iIl2i1l) '''2R4.'''4i1l . iIl171 .QQ9 _.1';' .4';' • Rr:;?'- • ill 1 ':I 
1 ( 1, 19) - 1, 1) E 1610.9136 .0e3)a 1610.884 .13136) .998 3.985 3.977 .910 .857 
1 ( 1, 1:) - 0, 1) E 14676.764 .020) 14676.753 .013) .999 .694 .693 .910 .421 
2{ 0, 2) - 13, 1) E 24296.523 .020) 24296.552 .022) 1.0130 5.300 5.3013 1.231 .421 
2 ( I, 1) - 1, 0) E 261:)44.834 .1320) 26044.814 .1322) 1.000 3.985 3.984 1.779 .910 
2 ( 1, 2) - 1, 1) E 22827.767 .020) 22827.772 .022) 1.01313 3.985 3.984 1.618 .857 
2 ( '). (1) - 1, 1) R 67026.2:)9 .11-1) .9.27 .652 .5H! :).092 .957 
2 ( 2., 1) -

" 
1) E 6682.3.390 .105) .173 .652 .113 3.086 .857 

2 ( 0, 2) - 1, 1) E 11230.657 .020) 11230.683 .027 ) .999 .272 .272 1.231 .857 
2 ( 1, 2) - 0, l} E 35893.643 .020) 35893.641 .024) 1.000 .694 .694 1.618 .421 
2 ( 2, 1) - 1, 0) E 65212.506 .110) .827 .694 .574 3 •. 1386 .910 
2 ( 2, 0) - 1, "} E 65415.355 .109} .173 .694 .120 3.092 .910 
2 ( 1. 1) - 1, 2} £: 19:27.9:26 .006 ) 1.000 2.:214 :2. :211 1.779 1. 61 9 
2 ( 1, 1) - 0, 2) E 16425.070 .020} 16425.015 .014) 1.1300 1.087 1.087 1.779 1.231 
2. ( 2, 0) - 1, 1) E 39370.541 .1139) .850 .454 .386 3.092 1.779 
2 ( 2, ) - 1, 2) E 43995.618 .1134) .850 .385 .327 3~086 1.618 
3 ( 2, 1) - 2, 0) E 37182.133 .020) 37182.1213 .080) .911 4.429 4.036 4.333 3.092 
3 ( 2, 2) - 2, 0) E 36475.727 .131 ) .089 4.429 .393 4.309 3.092 
3 < 0, 3 ) - 0, 2) E 3610:2.297 .(20) 36102.256 .(25) 1.13013 7.919 7.919 2.436 1.231 
3 ( 1, 2) - 1, 1) E 38976.132 .020) 38976.084 .025) 1.1300 7.079 7.079 3.079 1.779 
3 ( 1, 3) - 1, 2) E 34156.907 .020) 34156.897 .1325) 1.1300 7.080 7.080 2.757 1.618 
3 ( 2, 2) - 2, 1) E 36678.594 .020) 36678.576 .1377} .911 4.428 4.036 4.309 3.086 
3 ( 2, 1) - 2, 1) E 37384.969 .129) .089 4.428 .392 4.333 3.086 
3 ( 2, 1) - 1, 2 ) E 813813.587 .052) .988 .636 .628 4.333 1 .618 
3 ( 3, 0) - 'J 1) Ii: 1136234.494 .367} .150 1.139 .1713 6.629 3.096 
3 ( 3, 1) - 2, 1) E 106018.772 .196) .850 1.138 .967 6.622 3.086 
3 ( 0, 3 ) - 1, 2) E 24505.103 .020) 24505.167 .029) 1.000 .597 .597 2.436 1.618 
3 ( 3, 1) - 2, 0) E: HI5815.923 .363) .150 1.139 .171 6.622 3.092 
:3 ( 3, 0) - 2, 0} E 106031.644 .201 ) .8513 1.139 .969 6.629 3.092 
;) ( 

" 
3 ) - 0, :l) E 45754.1345 .020) 45753.986 .027 ) 1.000 .951 .951 2.757 1. 231 

3 ( 2, 2) 1, 1) D 7!:i046.2G8 .049 ) .988 .771 .761 4.309 1.779 
3 ( 1, 2) - 1, 3) E 9647.158 .1:)20) 9647.113 .010) 1.000 1.555 1.555 3.079 2.757 
3 ( 3, 0) - 2, 1) E 68849.524 .257} .620 .436 .270 6.629 4.333 
3 ( 3, 1) - 2, 1) E 68633.803 .295) .380 .436 .166 6.622 4.333 
~ ( 1, 2) - 0, 3) E: 19298.933 .020) 19298.843 .015 ) 1.000 1.382 1.382 3.079 2.436 
3 ( 2, 1) - 1, 2) E 37576.548 .020) 37576.577 .043) .990 .879 .870 4.333 3.079 
3 ( 2, 2) - 1, 3) E 46517.293 .020) 46517.297 .043} .990 .646 .640 4.309 2.757 
3 ( 3, 1) - 2, 2) E 69340.196 .251 ) .620 .433 .268 6.622 4.3139 
3 ( 3, 0) - 2, 2 ) E 69555.917 .302) .380 .433 .165 6.629 4.309 
4 ( 2, 2) - 2, 1) E 50094.974 .020) 5fHl94.922 .031 ) .995 7.971 7.933 6.004 4.333 
4 ( 0, 4) - 0, 3) E 47534.170 .020) 47534.132 .025) 1.000 10.510 10.510 4.021 2.436 
4 ( 3, 1) - 3, 0) E 49155.331 .020) 49155.218 .030) .989 4.652 4.602 8.269 6.629 
4 ( 

" 
3) - 1, 2) E 51785.973 .025) 1.000 9.942 9.942 4.807 3.079 

4 ( 3, 2) - 3, 1) E 49151.652 .(20) 49151.779 .029) .989 4.652 4.602 8.262 6.622 
4 ( 1, 4) - 1, 3) E 45395.830 .020) 45395.810 .025) 1.000 9.947 9.947 4.272 2.757 
4 ( 2, 3) - 2, 2) E 48768.242 .020) 48768.257 .030) .995 7.965 7.928 5.936 4.309 
4 ( 4, 1) - 3, 1) E 145951.888 .427 ) 1.000 1.602 1.602 11. 490 6.622 
4 t 2, 2) - 1, 3) E 97318.612 .1345) .999 .590 .589 6.004 2.757 
4 ( 3, 1) - 2, 2) E 118711.135 .291 ) .519 1.153 .598 8.269 4.309 
4 ( 3, 2) - 2, 2) E 118491.975 .242) .481 1.153 .555 8.262 4.309 
4 ( 0, 4 ) - " 

3 ) E 37882.362 .021:)) 37882.402 .028 ) 1.000 .983 .983 4.021 2.757 
4 { 

" 
3 } - 2, 2) E 14915.870 .020) 14915.789 .044} .989 .234 .231 4.807 4.309 

4 ( 3, 2) - 2, 1) E 117785.582 .287) .519 1.161 .602 8.262 4.333 
4 ( 3, 1) - 2, 1) E 118004.742 .246) .481 1.161 .559 8.269 4.333 
4 ( 1, 4) - 0, 3) E 55047.553 .020) 55047.540 .029) 1.000 1.253 1.253 4.272 2.436 
4( 4, i:J} - 3, 0) E 146014.191 .423) 1.000 1.602 1.602 11.500 6.629 
4 ( ~, 3 ) - 1, 2} E 85638.441 .042) .999 .881 .879 5.936 3.079 
3 ( ~ , 1) - 1, 4 ) E 1827.880 .050) .989 .125 .123 4.333 4.272 
4 ( 1, 3) - 1, 4 ) E 16~37.314 .020) 16037.277 .015) 1.000 1.211 1.211 4.807 4.272 
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'!~~!..£..2. The microwave spectrum for the E 12 16 12 symmetry state of H C O
2 

CH
3 - Continued. 

'" ""~'"''' .... -----------------------------------------------------------------------------------------------------------------
QUANTUM NUMBERS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENG'I'H ENERGY LEVELS 

.J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCER'I'AINTY RELATIVE RIG.ROTOR TOTAL UPPER LOwER 
- '-." -' - ------------------------------------------------------------------------------------------------------------------

2, 2) - 4 ( 2, 3) E 2033.058 ( .018) .995 4.625 4.603 6.004 5.936 
2, 3 ) - 4 ( 0, 4) E 57403.153 ( .e41 ) .999 .163 .163 5.936 4.~21 
3, 1) - 4 ( 2, 2) E 67909.82e ( .261) .655 .8132 .525 8.269 6.004 
3, 2) - 4 ( 2, 2) E 67690.6613 ( .270) .345 .802 .277 8.262 6.004 
1, 3 ) - 4 ( 13 , 4) E 23550.758 • e2I'J) 235513.684 ( .e17) 1.0e0 1.553 1.553 4.807 4.021 
4, ~ ) - 4 ( 3, 1) E 96858.973 ( .437) .985 .445 .439 11.5fd0 8.269 
2, 2) - 4 ( 1, 3) E 35885.475 • e2e) 35885.526 ( .e30) .999 1.355 1.354 6.13134 4.8e7 
4, 1) - 4 ( 3, 2) E 968e0.1e9 ( .441 ) .985 .445 .438 11.4ge 8.262 
2 , 3) - 4 ( 1, 4) E 49889.711 .e2e) 49889.745 ( .e34) .999 .849 .848 5.936 4.272 
3, 2) - 4 ( 2, 3) E 69723.717 ( .256) .655 .787 .515 8.262 5.936 
3, 1) - 4 ( 2, 3) E 69942.878 ( .277) .345 .787 .272 8.269 5.936 
4, 1) - 4 ( 4, e) E 614fde.976 ( .e59) 1.1300 4.786 4.786 13.548 11.500 
2, 3 ) - 4 ( 2, 2) E 63296.981 ( .042) 1.0I'Je 11.164 11.1613 8.115 6.0!/J4 
0, 5) - 4 ( 0, 4) E 58565.716 ( • e42) 1.0ee 13.083 13.083 5.975 4.1'l21 
3, 2) - 4 ( 3, 1) E 61612.349 ( .!/J86) .928 8.5e6 7.891 10.324 8.269 

5 ( 3, 3 ) - 4 ( 3, 1) E 61316.049 ( .394) .072 8.506 .616 10.314 8.269 
5 ( 1, 4) - 4 ( 1, 3) E 64416.524 ( • e42) 1.1ol1ol1ol 12.7elol 12.71ol1ol 6.955 4.807 
5( 3, 3) - 4 ( 3, 2) E 61535.21ol9 ( .083) .928 8.5136 7.891 10.314 8.262 
5 ( 3, 2) - 4 ( 3, 2) E 61831.51ol9 ( .390) .1ol72 8.506 .616 10.324 8.262 
5 ( 1, 5) - 4 ( 1, 4 ) E 56529.919 .e2e) 56529.914 ( .e42) 1. eee 12.720 12.720 6.157 4.272 
5 ( 4, 2) 4 ( 4, 1) D 614135.369 ( .(359) 1.1300 1.796 1.796 13,.539 11.490 
5 ( 2, 4) 4 ( 2, 3) E 6e78e.332 ( .042) 1. elol0 11.142 11.138 7.963 5.936 
5 ( 2, 3) - 4 ( 0, 4) E 122733.191 ( .1'l63) 1. ee0 .129 .129 8.115 4.1ol21 
5 ( 4, 2) - 4 ( 3, 2) E 1582fd5.478 ( .4e8) .984 1.614 1.588 13.539 8.262 
5 ( 2, 3 ) - 4 ( 1, 4) E 115219.784 ( .057) 1.0elol .510 .510 8.115 4.272 
5 ( 5, 1) - 4 ( 4, 1) E 185905.644 ( .921) 1.001ol 2.065 2.065 17.692 11.491ol 
:J( 3, 2) - 4 ( 2, 3) J:; 131:;':::;:::;.22(; ( .210) .029 1.172 .972 10.324 5.936 
5 ( 3, 3) - 4 ( 2, 3) E 131258.926 ( .• 194) .171 1.172 .201ol 10.314 5.936 
5 ( 0, 5) - 4 ( 1, 4) E 51052.202 .020) 51052.308 ( .042) 1. 1ol00 1.424 1.424 5.975 4.272 
5 t 1, 4) - 4 ( 2, 3 ) E 31ol564.055 ( .1345) .999 .413 .412 6.955 5.936 
5( 5, 0) - 4 ( 4, 0) E 18596e.444 ( .911 ) 1.001ol 2.e65 2.065 17.703 11.501ol 
5 ( 3, 3 ) - 4 ( 2, 2) E 129225.868 ( .207) .829 1.199 .994 10.314 6.1ol04 
~ ( j, 2) - 4 ( 2., 2.) ):; 129.522.168 ( .196) .171 1.199 .21114 10.324 6.004 
5 ( 1, 5) - 4 ( e, 4) E 64043.321 ( .046) 1.000 1.608 1.608 6.157 4.021 
5 ( 4, 1) - 4 ( 3, 1) E 158259.949 ( .41ol4) .984 1.614 1.588 13.548 8.269 
5 ( 2, 4 ) - 4 ( 1, 3 ) E 94632.800 ( .056) 1.000 1.1ol19 1.1ol18 7.963 4.807 
5 ( 1, 5 ) - 4 ( 2, 2) E 4607.111 ( .051ol) .999 .155 .154 6.157 6.01ol4 
5 ( 1, 4 ) - 5 ( 1, 5) E 23923.885 .020) 23923.887 ( .020) 1.0e0 1.0e8 1.008 6.955 6.157 
5 ( 2, 3 ) - 5 ( 2, 4) E 4549.707 ( .013 ) .999 3.639 3.636 8.115 7.963 
5 ( 2, 4 ) - 5 ( I'l, 5) E 59617.769 ( .041 ) 1.0e0 .277 .277 7.963 5.975 
5 ( 5, 0) - 5 ( 4, 1) E 124559.468 ( .947) 1.000 .452 .452 17.703 1'3.548 
:, ( 3, 2) - 5 ( 2, 3) E 66225.188 ( .198) .865 1.158 1.002 10.324 8.115 
5( 3, 3 ) - 5 ( 2, 3) E 65928.888 ( .198) .135 1.158 • 156 10 .314 . 8.115 
5 ( 1, 4) - 5 ( 0, 5) E 29401.529 .1ol20) 29401.492 ( .022) 1.000 1.607 1.6e7 6.955 5.975 
5 ( 4, 1) - 5 ( 3, 2) E 96647.601 ( .443) .856 .825 .71ol7 13.548 1e.324 
5 ( 4, 2) - 5 ( 3, 2) E 96373.969 ( .647) .144 .825 .119 13.539 10.324 
5 ( 2, 3) - 5 ( 1, 4) E 34765.983 ( .1ol25) 1.000 1.874 1.874 8.115 6.955 
5 ( 4, 2) - 5 ( 3, 3) E 96670.269 ( .448) .856 .825 .706 13.539 1e.314 :, ( 4, 1) - 5( 3, 3) E 96943.ge1 ( .640) • 144 .825 .119 13.548 Hi.314 5 ( 2, 4) - 5 ( 1, 5) E 5414fd.188 .020) 54140.163 ( · e33) 1.00e 1.007 1. 1ol06 7.963 6.157 
5 ( 5, 1) -:- 5( 4, 2) E 12451ol0.274 ( .957) 1.000 .452 .452 17.692 13.539 
5 ( 3, 3) - 5 ( 2, 4 ) E 70478.594 ( .195) .865 1.11ol7 .958 HL314 7.963 
5 ( 3, 2) - 5 ( 2, 4) E 7e774.894 ( .205) .135 1. 1e7 .149 HL 324 7.963 
6 ( 4, 2) - 5 ( 4, 1) E 73782.907 ( .102) .999 8.863 8.858 16.e09 13.548 
6 ( 2, 4 ) - 5 ( 2, 3) E 76701.834 ( .1ol87) 1.01ol0 14.193 14.193 10.674 8.115 6 ( e, 6) - 5 ( e, 5) E 69269.709 ( .088) 1.0e0 15.661 15.661 8.285 5.975 6 ( 5, 1) - 5 ( 5, 0) E 73658.21ol6 ( .121ol) 1.000 4.875 4.875 20.16e 17.703 
6 ( 3, 3) - 5 ( 3, 2) E 74263.583 ( .130) .947 11. 960 11.325 12.801 11ol.324 
6 ( 3, 4) - 5 ( 3, 2) E 73609.6e7 ( .247) .053 11.960 .635 12.779 10.324 6 ( 1, 5) - 5 ( 1, 4 ) E 76796.094 ( .088) 1.01ol0 15.393 15.393 . 9.517 6.955 
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'l'able 5. The micro;'lave spectrum for the E symmetry state of H 12C 1602 12CH3 - Continued. 

--------------------------------------------------------------------------------------------------------------------_. QUANTUM NUMBI::RS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENGTH ENERGY LBVELS 
K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELATIVE RIG.ROTOR TOTAL UPPER LOWER 

--------------------------------~------------------------------------------------------------------------------------6 ( 5, 2 ) - 5 ( 5, 1) E 73664.379 .120) 1.000 4.875 4.875 20.1-49 17.692 
6 ( 3, 4) 5 ( 3, 3) E 73905.907 .1213) .947 11.960 11. 325 12.779 Hl.314 
6 ( 3, .3 ) - 5 ( 3, 3 ) J;; 74559.883 .243} .053 11.960 .635 12.801 10.314 
6 ( 1, 6 ) - 5 ( 1, 5) E 67555.663 .087) 1.000 15.444 15.444 8.411 6. lSi 
6 ( 4, 3) - 5 { 4, 2} E 73787.883 .101 ) .999 8.863 8.858 1"6.000 13.539 
6 ( 2, 5 ) - 5 ( 2, 4 ) E 72680.848 .088} 1.131313 14.135 14.134 10.388 7.963 
6 ( 2, 4 ) 5 ( 0, 5) E 1410869.309 .1103) 1.10010 .154 .154 H).674 5.975 
6 < 6, 1) 5 { 5. 1) 0 22:;0:;2.00<; 1.70(;) 1.000 2.520 2.SZ0 25.225 17.692 
6 ( 4, 2) - 5 ( 3, 3) E 1710726.808 .621 ) .169 1.6410 .277 16.0109 10.314 
6 ( 4, 3) - 5 ( 3, 3) E 170458.153 .418) .831 1.640 1.364 16.101010 110.314 
6 ( 2, 4 ) - 5 ( 1, 5) E 135391.7104 • (98) 1.0100 .414 .414 110.674 6.157 
6 ( 5, 2 ) - 5 ( 4, 2) E 198164.654 .886) 1.1000 2.071 2.071 20.149 13.539 
6 ( 3, 3 ) 5 ( 2, 4 ) E 1451038.477 .153} .9710 1.174 1.139 12.8101 7.963 
6 ( 2, 4 ) - 5 ( 3, 3) E 10772.947 .215 ) .849 .2510 .212 10.674 1!~.314 
6 ( 0, 6 ) - 5 ( 1, 5) E 63792.104 .087 ) 1.0100 1.901 1.901 8.285 6.157 
6 ( 1, 5 ) - 5 ( 2, 4 ) E 46579.827 .020 ) 46579.817 .085) 1.000 .640 .639 9.517 7.963 
6 ( 5, 1) - 5 ( 4, 1) E 198217.673 .875) 1.000 2.071 2.071 210.160 13.548 
6 ( 3, 4 ) - 5 ( 2, 3 ) E 139834.795 .150} .970 1.242 1.205 12.779 8.115 
6 ( 1, 6 ) - 5 ( " , 5) E 73033.268 .0910) 1.1000 2.014 2.014 8.411 5.975 
b ( 6, ~ ) - 5 ( 5, 0) E 225898.614 1.689 ) 1.1300 2.528 2.528 25.238 17.7103 
6 ( 4, 3 ) - 5 ( 3, 2) E 170161.853 .631 ) .169 1.642 .277 16.01010 Hl.324 
6 ( 4, ~ ) - 5( 3, 2) B 170430.508 .413) .831 1.642 1.365 16.10109 110.324 
6 ( 2, 5 ) - 5 ( 1, 4) E 102897.125 .099} 1.~00 1.189 1.189 10.388 6.955 
6 ( 1, 6 ) - 5 ( 2, 3) E 8865.793 .090) 1.000 .154 .154 8.411 8.115 
6( 2, 5) - 5 ( 3, 2) E 19105.954 .226) .849 .223 .190 10.388 10.324 
b ( I, , ) 6 ( I, 6) E 33164.244 .020) 33104.311:1 .1:127) 1.1:11!l0 • tlI:l3 .!HU Y.!:> 1·/ I:j. 41 I 
6 ( 2, II ) - 6 ( 2, 5) E 857{l.747 .020) 8570.692 .018) 1.IH10 2.934 2.933 10.674 HI.388 
6 ( 2, 5 ) - 6 ( 0, 6) E 63028.908 .(47) 1.13013 .397 .397 10.388 8.285 
b ( 5, 1) - 6 ( 4, 2) E 124434.767 .918) .999 .847 .846 2fJ.160 16.0109 
6 ( 3, 3 ) 6 ( 2, 4) E 63786.936 .123) .977 1.538 1.503 12.8101 llil.674 
6 ( 1, 5) - 6 ( 0, 6) E 36927.862 .10211) 36927.877 .030) 1.000 1.579 1.579 9.517 8.285 
6 ( 6, I'J) 6 ( 5, 1) E 152241:L40B 1.765) 1." 00 .458 .458 25.238 20.160 
6 ( 4, 2) - 6 ( 3, 3 ) E 96166.925 .471 ) .683 1.177 .804 16.0139 12.801 
6 ( 4, 3 ) - 6 ( 3, 3 ) E 95898.270 .568) .317 1.177 .374 16.000 12. 8~1 
6 ( 2, 4 ) - 6 ( 1, ·5) E 34671.762 .020) 34671.723 .1022) 1.0fJ0 2.381 2.381 10.674 9.517 
6( 6, l} - 6 ( 5, 2) E 152188.507 1. 781) 1.000 .458 .458 25.225 20.149 
6 ( 4, 3 ) - 6 ( 3, 4) E 96552.245 .478) .6B3 1.174 .802 16.000 12.719 
6 ( 4, 2) - 6 ( 3, 4 ) E 96820.900 .561 ) .317 1.174 .373 16.0139 12.779 
6 ( 2, 5) - 6 ( 1, 6 ) E 59265.349 .039) 1.000 1.126 1.126 H).38B 8.411 
6 ( 5, 2) - 6 ( 4, 3 ) E 124376.770 .928) .999 .847 .846 20.149 16.000 
6 ( 3, 4) 6 ( 2, 5) E 71703.653 .125) .977 1.403 1.371 12.779 10.388 
7 ( 6, 1) - 6 ( 6, 0) E 85919.123 .216) 1.1300 4.938 4.938 28. Hl4 25.238 
7 ( 4, 3 ) - 6 ( 4, 2) e: 86223.529 .173 ) .994 12.534 12.4610 18.885 16.0.kl9 
7 ( 2, 5) - 6 ( 2, 4) E 90145.738 .161 ) 1.000 17.129 17.129 13.680 113.674 
7 ( 0, 7 ) - 6 ( 13, 6 ) E 79781.712 .161 ) 1.1300 18.260 18.260 110.946 8.285 
7 ( 5, 2 ) - 6 ( 5, 1) E 860213.999 .189) 1.000 9.116 9.116 23.029 20.160 
7 ( 3, 4 ) - 6 ( 3, 3) E 87143.4010 .169) .991 15.185 15.053 15.7138 12.801 
7 ( 3, 5) - 6 ( 3. 3 ) E: 85614.759 .192) .1309 15.185 .133 15.657 12.8131 
7 ( 1, 6 ) - 6 ( 

" 
5) E 88843.242 .162) 1.000 18.031 18.031 12.480 9.517 

7 ( 5, 3) - 6 ( 5, 2) E 86028.2413 .189) 1.000 9.116 9.116 23.018 20. I 4 !:I 
7 ( 3, 5) - 6 ( :3 , 4) E 86268.735 .169) .991 15.182 15.050 15.657 12.779 
7 ( 3, 4) - 6( 3, 4} E 87797.375 .189} .009 15.182 .133 15.708 12.779 
7 ( 1, 7 ) - 6 ( 1, 6) E 78479.407 .161 ) 1.000 18.140 18.140 11.029 8.411 
7 ( 6, 2) - 6 ( 6, 1) E 85927.218 .215) 1.0130 4.938 4.938 28.091 25.225 
7 ( 4, 4) - 6 ( 4, 3) E 86224.527 .172) .994 12.534 12.460 18.876 16.000 
7 ( 2, 6) - 6 ( Z, 5) E 84449.186 .HZ} 1.0130 17.019 17.1318 13.2135 10.388 
7 ( 2, 5) - 6 ( 0, 6 ) .E; 161745.338 .174) 1.000 .154 .154 13.680 8.285 
7 ( 3, 4) - 6 ( 1, 5) E 185602.060 .194 ) .996 .113 .112 15.708 9.517 
7 ( 6, 2) - 6 ( 5, 2) E 238115.725 1.654 ) 1.01313 2.530 2.530 28.091 20.149 
7 ( 4, 3 ) - 6 ( 3, 4) E 1831344.429 .547 ) .447 1.669 .745 18. BS5 12.779 
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T~.'1ble 5. The microwave spectrum for the E 
12 16 12 

symmetry state of H C O2 CH3 
- Continued. 

~~------------------------------------------------------------------------------------------------------------------
QUANTUM NUMBERS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENGTH ENERGY LEVELS 
K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELATIVE RIG.ROTOR TOTAL UPPER LOWER 

, ~--------------------------------------------------------------------------------------------------------------------
"J{ 4, 4 ) - 6 3, 4 ) E 182776.772 .462) .553 1.669 .923 18.876 12.779 
'II 2, 5) - 6 1, 6) E 157981.779 .171 ) 1.13130 .322 .322 13.680 8.411 
'J 5, 3) - 6 4, 3) E 2HJ405.011 .852) .999 2.094 2.1392 23.eTB 16.000 
" 3, 4 ) - 6 2, 5) E 1595131.028 .185) .995 1.144 1.138 15.708 113.388 
(, 5, 2 ) - 7 4, 4 ) E 38152.243 1.13132) .989 .1135 .1134 213.149 18.876 
'J 2, 5) - 6 3, 4) E 27012.777 .200) .974 .368 .358 13.680 12.779 
I ~ , 7 ) - 6 1, 6) E 76018.152 .1613) 1.0013 2.393 2.393 10.946 8.411 
h 4, 3 ) - 7 3, 5) E 10283.510 .552) .536 .208 .111 16.1300 15.657 
" 1, 6 ) - 6 2, 5) E 62742.211 .157) 1.0013 .925 .925 12.480 1e.)88 
'] 5, 2) - 6 4, 2) E 210455.766 .842) .999 2.094 2.092 23.029 16.\l09 
') 3, 5) - 6 2, 4 ) E 149401.695 .186) .995 1.294 1.287 15.657 113.674 
7 1, 7) - 6 0, 6) E 82242.966 .163) 1.000 2.456 2.456 11.1329 8.285 
7 {) , 1) - 6 5, 1) E 238159.531 1.637) 1.13013 2.530 2.5313 28.104 20.1613 
7 4, 4) - 6 3, 3) E 182122.797 .555) .447 1.674 .748 18.876 12.801 
7 4, 3) - 6 3, 3) E 1823913.454 .455) .553 1.674 .926 18.885 12.801 
7 2, 6) - 6 1, 5) E 1105513.217 .172) 1.01313 1.401 1.4131 13.205 9.517 
6 4, 2) - 7 3, 4 ) E 9023.525 .544) .536 .2136 .111 16.13139 15.7138 
7 1, 7 ) - 6 2, 4 ) E 113643.366 .162) 1.131313 .133 .133 11.1329 113.674 
6 5, 1) - 7 4, 3) E 38211.238 .992) .989 .1135 .104 213.160 18.885 
7 2, 6) - 6 3, 3) E 12091.558 .210) .974 .295 .288 13.205 12.801 
7 3, 4) - 7 3, 5) E 1528.641 .1357) .983 6.133 6.031 15.7138 15.657 
7 1, 6 ) - 7 1, 7) E 43528.061 .020) 43528.152 .039) 1.13013 .8137 .8137 12.4813 11.029 
7 2, 5) - 7 2, 6) E 14267.298 .1320) 14267.244 .024 ) 1.13013 2.415 2.415 13.6813 13.205 
7 2, 6) - 7 1:1, 7) E 67696.383 .062) 1.0013 .5134 .504 13.205 Hl.946 
7 3, 5) - 7 1, 6) E 95230.177 .1391 ) .996 .184 .183 15.657 12.4813 
7 7, Cil) - fi, 1) R 179909.632 2.954) 1.1300 .462 .462 34 105 ?IL 1011 
7 5, 2) - 4, 3 ) E 124232.237 .886) .989 1.211 1.198 23.1329 18.885 
7 3, 4 ) - 2, 5 ) E 60784.598 .090) .996 1.9710 1.963 15.708 13.6813 
7 1, 6 ) - 0, 7 ) E 45989.383' .020) 45989.407 .043) 1.1300 1.517 1. 517 12.480 10.946 
7 6, 1) - 5, 2 ) E 152138.532 1.724) 1.1300 .863 .863 28.104 23.029 
7 4, 3 ) - 3, 4) E 95247.054 .474) .666 1.519 1. 1312 18.885 15.708 

-I, -1 ) - 3, -1 ) E 94979.307 .521 ) .334 1.519 .507 19.976 15.7013 
2, 5) - 1, 6 ) E 35974.324 .020) 35974.220 .020) 1.000 2.805 2.805 13.680 12.480 
6, 2) - 5, 3 ) E 152087.485 1.740) 1.000 .863 .863 28.1:191 23.018 
4, 4) - 3, 5) E 96508.038 .483 ) .666 1.509 1.0136 18.876 15.657 
4, 3 ) - 7 3, 5) E 96775.695 .514) .334 1.509 .503 18.885 '15.657 
2, 6 ) - 7 1, 7) E 65235.128 .054) 1.000 1.213 1.213 13.205 11.029 
7, 1) - 7 6, 2) E 179865.1375 2.976) 1.10013 .462 .462 34.091 28.091 
5, 3 ) - 7 4, 4 ) E 124180.483 .897) .989 1.211 1.198 23.018 18.876 

7 3, 5) - 7 2, 6) E 73523.201 .1194) .996 1.675 1.669 15.657 13.205 
8 6, 2) - 7 6, 1) E 98271l.406 .314) 1.000 9.307 9.307 31.382 28.1114 
8 4, 4 ) - 7 4, 3) E 98747.878 .279) .967 15.951 15.421 22.179 18.885 
8 4, 5) - 7 4, 3) E 98444.620 .697) .033 15.951 .530 22.169 18.885 
8 2, 6 ) - 7 2, 5) E 1133466.601 .265) 1.(1e0 19.992 19.992 17.132 13.680 
8 0, 8) - 7 0, 7 ) E 90227.675 .265) 1.000 20.882 213.882 13.956 10.946 
8 7, 1) - 7 7, 0) E 98182.315 .349) 1.000 4.986 4.986 37.380 34.1105 
8 5, 3 ) - 7 5, 2) E 98424.1367 .290) 1.0130 12.962 12.962 26.312 23.029 
8 3, 5) - 7 3, 4 ) E 100294.689 .268) .999 18.270 18.247 19.053 15.708 
8 1, 7 ) - 7 1, 6 ) E 100482.273 .266) 1.000 20.621 210.621 15.832 12.480 
8 7, 2 ) - 7 7, 1) E 98192.3713 .349) 1.000 4.986 4.986 37.366 34.091 
8 5, 4 ) - 7 5, 3) E 98432.365 .289) 1.0013 12.962 12.962 26.3132 23.018 
8 3, 6) - 7 3, 5) E 98606.869 .269) .999 18.259 18.236 18.946 15.657 
8 1, 8) - 7 1, 7 ) E 89314.683 .264) 1.000 20.818 213.818 14.0138 11.029 
8 6, 3 ) - 7 6, 2) E 98279.651 .313) 1.000 9.307 9.307 31.370 28.091 
8 4, 5 ) - 7 4, 4 ) E 98712.277 .279) .967 15.951 15.421 22.169 18.876 
8 4, 4 ) - 7 4, 4 ) E 99015.535 .7013) .033 15.951 .5313 22.179 18.876 
8 2, 7 ) 7 2, 6) B 96070.738 .266) 1.0013 19.830 19.830 16.409 13.205 

2, 6 ) - 7 6, 7 ) E 185430.228 .279) 1.1000 .136 .136 17.132 10.946 
3, 5) - 7 1, 6) E 1971353.507 .282) .999 .172 .172 19.053 12.480 
6, 3 ) - 7 5, 3 ) E 250367.135 1.603) 1.0130 2.548 2.548 31.370 23.018 
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Table 5. The microwave spectrum for the E symmetry state of H 12C 1 6°
2

1 2CH3 - Continued. 

---------------------------------------------------------------------------------------------------------------------~ QUAN'I'UM NUMBERS MEASURED TRANSITION CALCULATED TRANS1TION LINE STRENGTH ENBRGY LEVELS 
J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELATIVE RIG. ROTOR TOTAL UPPER LOWER 

----------------------------------------------------------------------------------------------------------------------8 ( 4, 4 ) - 7( 3, 5) E 195523.572 .5136) .716 1.691 1.211 22.179 15.657 
8 ( 4, 5) - 7 ( 3, 5) E 195220.314 .478) .284 1.691 .480 22.169 15.657 
8 ( 2, 6) - 7 ( 1, 7) E 182968.973 .276) 1.000 .245 .245 17.132 11.1329 
8 ( 5, 4) - 7 ( 4, 4 ) E 222612.848 .831 ) .988 2.124 2.098 26.302 18.876 
8 ( 3, 5 ) - 7 ( 2, 6) E 175346.531 .275) .999 1.1374 1.073 19.053 13.2~5 
7 ( 5, 3) - 8 ( 4, 5) E 25468.207 1.1315) .918 .183 .168 23.018 22.169 
8 ( 2, 6) - 7 ( 3, 5 ) E 44210.643 .277) .995 .506 .504 17.132 15.657 
8 ( 0, 8) - 7 ( 1, 7) E 87766.421 .264) 1.000 2.884 2.884 13.956 11.029 
8 ( 3, 5) - 7 ( 4, 4) E 5315.292 .600) .575 .301 .173 19.053 18.876 
8 ( 3, 6) - 7 ( 4, 4) E 2098.832 .589) .425 .301 .128 18.946 18.876 
8 ( 1, 7 ) - 7 ( 2, 6 ) E 78775.297 .261) 1.0013 1.276 1.276 15.832 13.205 
8 ( 5, 3) - 7 ( 4, 3 ) E 222656.304 .821 ) .988 2.124 2.098 26.312 1'8.885 
8 ( 3, 6) - 7 ( 2, 5) E 157862.827 .278) .999 1.363 1.361 18.946 13.680 
8 ( 1, 8) - 7 ( 0, 7) E 91775.937 .266) 1.000 2.917 2.917 14.008 10.946 
8 ( 6, 2) - 7 ( 5, 2) E 250408.938 1.586) 1.000 2.548 2.548 31.382 23.1329 
8 ( 4, 5) - 7 ( 3, 4) E 193691.674 .511 ) .716 1.704 1.2213 22.169 15.708 
8 ( 4, 4 ) - 7 ( 3, 4 ) E 193994.932 .473) .284 1.7134 .484 22.179 15.7138 
8 ( 2, 7 ) - 7 ( 1, 6) E 117777.713 .275) 1.000 1.663 1.663 16.409 12.480 
8 ( 3, 6) - 7 ( 4, 3) E 1831.175 .594) .575 .296 .1713 18.946 18.885 
8 ( 3, 5) - 7 ( 4, 3) E 5047.635 .576) .425 .296 .126 19.053 18.885 
8 ( 1, 8) - 7 ( 2, 5) E 9812.3113 .267) 1.000 .105 .105 14.1308 13.680 
7 ( 5, 2) - 8 ( 4, 4) E 25484.359 1.000) .918 .182 .168 23.029 22.179 
8 ( 2, 7 ) - 7 ( 3, 4) E 21018.895 .285) .995 .345 .344 16.4139 15.708 
8 ( 3, 5) - 8 ( 3, 6) E 3216.461 .1327 ) .997 5.244 5.226 19.053 18.946 
8 ( 1, 7 ) - 8 ( 1, 8) E 54695.742 .062) 1.000 .766 .766 15.832 14.008 
8 ( 2, 6) - B ( 2, 7) E 21663.139 .1320) 21663.107 .029) 1.01313 2.1336 2.036 17.132 16.409 
8 ( 2, 7 ) - 8 ( 0, 8) E 73539.445 .087) 1.0013 .589 .589 16.409 13.956 
8 ( 3, 6) - 8 ( 

" 
7 ) E 93354.774 .069) .999 .302 .3132 18.946 15.832 

8 ( 7, 1) - 8 ( 6, 2) E 179820.541 2.898) 1.000 .876 .876 37.380 31.382 
8 ( 5, 3) - 8 ( 4, 4) E 123908.426 .856) .923 1.558 1.437 26.312 22.179 
8 ( 5, 4) - 8 ( 4, 4) E 123597.314 1. 165) .077 1.558 .121 26.302 22.179 
8 ( 3, 5) - 8 ( 2, 6) E 57612.663 .020) 57612.687 .069) .999 2.475 2.473 19.053 17.132 
8 ( 1, 7 ) - 8 ( 0, 8) E 56244.004 .(366) 1.000 1.457 1.457 15.832 13.956 
8 ( 8, (3) - 8 ( 7, 1) E 207564.260 4.580) 1.000 .465 .465 44.304 37.380 
8 ( 6, 2) - 8 ( 5, 3) E 151984.871 1.677) 1.000 1.239 1.238 31.382 26.312 
8 ( 4, 4 ) - 8 ( 3, 5 ) E 93700.242 .429) .797 1.862 1.484 22.179 19.053 
8 ( 4, 5) - 8 ( 3, 5) E 93396.984 .453) .203 1.862 .378 22.169 19.1:153 
8 ( 2, 6) - 8 ( 1, 7 ) E 38958.634 .020) 38958.548 .022) 1.000 3.1390 3.090 17.132 15.832 
8 ( 8, 1) - 8 ( 7, 2) E 207529.927 4.609) 1.000 .465 .465 44.289 37.366 
8 ( 6, 3 ) - 8 ( 5, 4) E 151934.770 1.693 ) 1.1300 1.239 1.238 31.370 26.302 
8 ( 4, 5) - 8 ( 3, 6) E 96613.445 .439 ) .797 1.836 1.463 22.169 18.946 
B ( 4, 4 ) 8 ( 3, 6) E 96916.703 .447) .203 1.836 .373 22.179 18.946 
8 ( 2, 7 ) - 8 ( 1, 8) E 71991.183 .081 ) 1.000 1.273 1.273 16.409 14.008 
8 ( 7, 2) - B ( 6, 3) E 179777.795 2.920) 1.000 .876 .876 37.366 31.370 
8 ( 5, 4) - 8 ( 4, 5) E 123901:1.572 .872) .923 1.557 1.437 26.302 22.169 
8 ( 5, 3) 8 ( 4, 5) E 124211.684 1.126) .077 1.55"7 .121 26.312 22.169 
8 ( 3, 6) - a ( 2. , 7 ) E 76059.333 .074) .999 1.919 1.917 18.946 16.409 
9 ( 8, 11 - B ( 8. 0) E 110447.280 .526\ 1.1000 5.023 5.1323 47.988 44.304 
9 ( 6, 3) a( 6, 2) E 110652.713 .447) 1.1:100 13.295 13.295 35.073 31.382 
9 ( 4, 5) - B ( 4, 4 ) E 111408.685 .428 ) .946 19.198 1 B. 168 25.895 22.179 
9( 4, 6) - 8 ( 4, 4 ) E 110920.211 .623) .1354 19.198 1.031 25.879 22.179 
9 ( 2, 7 ) - 8 ( 2, 6) E 116544.741 .404) 1.0013 22.789 22.789 21.019 17.132 
9 ( 0, 9) - B ( 0, 8) E 10£1681.578 .402) 1.0013 23.520 23.520 17.314 13.956 
9 ( 7. L) - fl( 7, 1) P. 11"'''2'1.72' .4IHl) 1. IIlAA 9.454 9.454 41.067 37.380 
9 ( 5, 4) - 8 ( 5, 3) E 110873.8135 .425) 1.000 16.544 16.539 30.0113 26.312 
9 ( 3, 6) - B ( 3, 5) E 113743.168 .405) 1.000 21.267 21.263 22.848 19.1353 
9 ( 1, 8) - 8 ( 1, 7 ) E 111674.136 .404) 1.000 23.175 23.175 19.557 15.832 
9 ( 7, 3) - 8 ( 7, 2) E 1H:)536.988 .479) 1.000 9.454 9.454 41.054 37.366 
9 ( 5, 5) - 8 ( 5, 4) E 110882.928 .424) 1.000 16.544 16.539 30.000 26.302 
9 ( "3, 7 ) - 8 ( "3, 6) Po ll/ilA79.7R7 ,4CH;) 1 .fil'H~ ?1 • '3"i 21.23fil 22.645 18.946 
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MICROWAVE SPECTRUM OF METHYL FORMATE 603 

t,!i>.l_\::..~:. 'I'he microwave spectrum for the E 
12 16 12 

symmetry state of H C 02 CH3 
- Continued. 

~->- .... --------------------------------------------------------------------------------------------------------------

UUI\N'l'UM NUMBERS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENG'fH ENERGY LEVELS 
1\4 K- - J' K+ K- S FREQUENCY UNeERTAINTY FREQUENCY UNCERTAINTY RELATIVE RIG.ROTOR 'faTAL UPPER LOWER 

~ ".~. ~- -------------------------------------------------------'---------------------------------------------------------
'J( I, 9 ) - 8 ( 1, 8) E 100078.644 .402) 1.000 23.486 23.486 17.346 14.00S 
'j( H, 2 ) - 8 ( B, 1) E 110459.213 .526 ) 1.000 5.023 5.023 47.973 44.289 
V( 6, 4 ) - 8 ( 6, 3) E 110663.098 .446) 1.000 13~295 13.295 35.1161 31.3n 

4, 0) - 8 ( 4, 5 ) E 111223.469 .430) .946 19.198 18.166 25.879 22.169 
,J 4, 5 ) - 8 ( 4, 5) E; 111711.943 .628) .054 19.198 1.031 25.895 22.169 
~ 2, 8) - 8 ( 2, 7 ) E 107537.268 .404) 1.000 22.593 22.593 19.996 16.409 
9 2, 7 ) - 8 ( 0, 8) E 211747.293 .422) 1.000 .112 .112 21.019 13.956 
9 3, 6) - 8 ( 1, 7) E 210314.403 .413) 1.000 .234 .234 22.848 15.832 

4, 5) - 8 ( .3, 0) t .21:l8.325 • .388 .51'.18) • ~17 1.098 1.5:>0 25.895 16.940 
4, 6) - 8 ( 3, 6) E 207836.914 .501 ) .083 1.698 .141 25.879 18.946 

9 2, 7) - 8 ( 1, 8) E 210199.031 .419) 1.fHHJ .188 .188 21.019 14.008 
Y 5, 4) - 8 ( 4, 5) E 235085.489 1.117) .094 2.154 .202 30.010 22.169 
9 5, 5) - 8 ( 4, 5) E 234783.500 .847) .906 2.154 1.953 30.000 22.169 
9 3, 6) - 8 ( 2, 7) E 193018.962 .407) 1.000 .964 .963 22.848 16.409 
B 5, 4) - 9 ( 4, 6) E 12677 .103 1.073) .746 .269 .201 26.302 25.879 
9 2, 7) - 8 ( 3, 6) E 62148.515 .405) .999 .676 .675 21.019 18.946 
9 11 , 9) - 8 ( 1, 8 ) E 99133.316 .401 ) 1.000 3.369 3.369 17.314 14.008 
8 6, 3) - 9 ( 5, 5) E 41051.842 1.871 ) .999 .163 .163 31.370 30.000 
9 3, 6) - 8 ( 4, 5) E 20346.184 .630) .760 .399 .303 22.848 22.169 
9 1. 8) - 8 ( 2. 7) E 94378.696 .399) 1 .0~Hl 1.692 1.692 19.557 16.409 
9 5, 5 ) - 8 ( 4, 4) E 234480.242 1.152) .094 2.155 .202 30.1000 22.179 
9 5, 4 ) - 8 ( 4, 4 ) E. 234782.231 .835) .906 2.155 1.953 30.010 22.179 
9 3, 7 ) - 8 ( 2, 6 ) E 165276.013 .413) 1.000 1.457 1.457 22.645 17.132 
9 1, 9) - 8 ( 0, 8) E 101626.906 .402) 1.000 3.367 3.387 17.346 13.956 
9 4, 6) - 8 ( 3, 5 ) E 2104620.454 .509) .917 1.729 1.585 25.879 19.053 
9 4, 5) - 8 ( 3, 5) E 205108.927 .499) .083 1.729 .144 25.895 19.1353 
9 2, 8) - 8 ( 1, 7 ) E 124832.708 .412) 1.000 1.963 1.983 19.996 15.832 
8 6, 2) - 9 ( 5, 4) E 41111.066 1.855) .999 .163 .163 31.382 30.010 
9 3, 7) - 8 ( 4, 4 ) E 13963.084 .626) .760 .384 .292 22.645 22.179 
8 5, 3) - 9 ( 4, 5) E 12499.741 1.049) .746 .269 .200 26.312 25.895 
9 2, 8) - 8 ( 3, 5) E 28261.474 .412) .999 .365 .365 19.996 19.053 
9 3, 6 ) 9 ( 3, 7 ) r; GEl79.04Z .022) .999 4.491 4.407 22.040 ~2.G4S 

9 1, 8) - 9 ( 1, 9) E 66291.234 .100) 1.000 .748 .748 19.557 17 • 346 
9 2, 7) - 9 ( 2, 8) E 30670.575 .020) 30670.580 .032) 1.000 1.764 1.764 21.019 19.996 
9 4, 6) - 9 ( 2, 7) E 145666.399 .382) .931 .113 .105 25.879 21.019 
9 2, 8) - 9 ( 0, 9) E 80395.135 .126 ) 1.000 .650 .650 19.996 17.314 
9 3, 7) - 9 ( 1, 8) E 92560.425 .058) 1.000 .455 .455 22.645 19.557 
9 9, 0) - 9 ( 8, 1) E 235206.433 6.713} 1.000 .467 .467 55.833 47.988 
9 7, 2) - 9 ( 6, 3) E 179693.551 2.836) 1.000 1.261 1.261 41.067 35.073 
9 5, 4} - 9 ( 4, 5) E 123373.546 .849) .771 1.898 1. 463 30.010 25.895 
9 5, 5) - 9 ( 4, 5) E 123071.557 1.061 ) .229 1.898 .435 30.000 25.895 
9 3, 6 ) - 9 ( 2, 7) E 54810.958 .020) 54811.114 .053) 1.000 3.043 3.043 22.848 21.019 
9 1, 8) - 9 ( 0, 9) E 67236.562 .103) 1.000 l.415 l.415 19.557 17.314 
9 8, 1) - 9 ( 7, 2) t; :l1:l74t!!:l.t!11) 4.!:l1:l1l) 1.01Hl .887 .887 47.~t!1l 41.1:l07 
9 6, 3) - 9 ( 5, 4 ) E 151763.779 1.624) 1.000 1.595 1.594 35.073 30.010 
9 4, 5} - 9 ( 3, 6) E 91365.759 .335} .939 2.220 2.086 25.895 22.848 
9 4, 6) - 9 ( 3, 6) E 90877.285 .347) .061 2.220 .134 25.879 22.848 
9 2, 7) - 9 ( 1, 8) E 43829.185 .020) 43829.153 .026) 1.000 3.216 3.216 21.019 19.557 
9 8, 2) - 9 ( 7, 3) E 207452.152 4.537) 1.000 .887 .887 47.973 41.054 
9 6, 4) - 9 ( 5, 5) E 151714.940 1.641 ) 1.000 1.595 1.594 35.061 30.1000 
9 4, 6} - 9 ( 3, 7) E 96957.127 .347) .939 2.156 2.026 25.879 22.645 
9 4, 5) - 9 ( 3, 7) E 97445.601 .345) .061 2.156 .130 25.895 22.645 
9 2, 8) - 9 ( 1, 9) E 79449.807 .122) 1.000 1.313 1.313 19.996 17 .346 
9 9, 1) - 9 ( 8, 2) E 235182.022 6.748) 1.000 .467 .467 55.818 47.973 
9 7, 3) - 9 ( 6, 4) E 179651.664 2.858) 1.000 1.261 1.261 41.054 35.061 
9 !:l, 5) - ~ ( 4, 0) E 123560.031 .874) .771 1.896 1.461 30.000 25.879 
9 5, 4) - 9 ( 4, 6) E 123862.020 1.023) .229 1.896 .435 30.010 25.879 
9 3, 7} - 9 ( 2, 8) E 79401.852 .057) 1.000 2.128 2.128 22.645 19.996 

10 8, 2) - 9 ( 8, 1) E 122784.850 .692) 1.000 9.573 9.573 52.083 47.988 
10 6, 4 ) - 9 ( 6, 3) E 123070.154 .618) 1.000 17.017 17.017 39.178 35.073 
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Table 5. The microwave spectrum for the E symmetry state of H12c160212CH3 - Continued. 

----------------------------------------------------------------------------------------------------------------------
QUANTUM NUMBERS MEASORED TRANSITION CALCULATED TRANSITION LINE STRENGTH ENERGY LEVELS 

J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELATIVE RIG. ROTOR TOTAL UPPER LOWER 
----------------------------------------------------------------------------------------------------------------------
10 ( 4, 6) - 9 ( 4, 5 ) E 124247.047 .592) .980 22.327 21.873 30.040 25.895 
10 ( 4, 7 ) 9 ( 4, 5) E 123257.402 .638) .020 22.327 .455 30.007 25.895 
1 a ( 2, 0) - ~ ( "-, 7) E 12929(;.40(; .500) l.llllll 25.519 2S.51!l 25.332 21.019 
10( 0,10). - 9 ( 0, 9) E 111169.960 .576) 1.000 26.166 26.166 21.023 17.314 
1 ~ ( 9, 1) - 9 ( 9, 0) E 122713.845 .751 ) 1.000 5.052 5.052 59.927 55.833 
10 ( 7, 3) - 9 ( 7, 2) E 122894.142 .649) 1.000 13.561 13; 561 45.166 41.067 
10 ( 5, 5) - 9 ( 5, 4) E 123377.861 .598) .99B 19.941 19.897 34.126 31').010 
10( 3, 7 ) - 9 ( 3, 6) E 127437.708 .580) 1.000 24.214 24.213 27.098 22.848 
lIIH 1, 9) - 9 ( 1, 8) E 122450.82QJ .580) 1.000 25.715 25.715 23.642 19.557 
1£J( 9, 2 ) - 9 ( 9, 1) E 122727.452 .751 ) 1.0130 5.1352 5.052 59.912 55.818 
HI{ 7, 4 ) - 9 ( 7, 3 ) E 122906.596 .648) 1.000 13.561 13.561 45.153 41.054 
10 ( 5, 6 ) - 9 ( 5, 5) E 123385.835 .597) .998 19.940 19.897 34.116 30.000 
11tH 3 t S) - 9 ( 3 t 7 ) E 123051.465 .581 ) 1.13130 24.136 24.135 26.749 22.645 
10 ( 1,10) - 9 ( 1, 9) E 1 Hl788. 722 .576) 1.1300 26.148 26.148 21.042 17.346 
10 ( 8, 3) - 9 ( 8, 2) E 122798.026 .692) 1.000 9.573 9.573 52.070 47.973 
10 ( 6, 5) - 9 ( 6, 4) E 123081.666 .617 ) 1.000 17.017 17.017 39.167 35.061 
1kl( 4 t 7 ) - 9 ( 4, 6) E 123745.875 .594) .980 22.326 21.871 30.1307 25.879 
10 ( 4, 6 ) - 9 ( 4, 6) E 124735.521 .643) .020 22.326 .455 30.040 25.879 
113 ( 2, 9) - 9 ( 2, 8) E 118848.021 .579) 1.000 25.319 25.319 23.961 19.996 
10 ( 3, 7) - 9 ( ), 8) E 226077.975 .587) 1.000 .283 .283 27.098 19.557 10 ( 4, 6) - 9 ( 3, 7 ) E 221692.648 .618) .982 1.683 1.652 30.040 22.645 
10 ( 2, 8) - 9 ( 1, 9) E 239416.793 .605) 1 .000 .146 .146 25.332 17.346 
Hi( 5, 5) - 9 ( 4, 6) E 247239.881 1.085) .311 2.182 .679 34.126 25.879 
10( 5, 6) 9 ( 4, 6) E 246945.867 .934) .689 2.182 1.503 34.116 25.879 
10 ( 3, 7 ) 9 ( 2, 8) E 212919.402 .581'l) 1.0130 .826 .826 27.098 19.996 

9 ( 7, 3 ) - l0( 6, 5 ) E 56570.018 3.130) 1.000 .147 .147 41.054 39.167 
10 ( 4, 6) - 9 ( 5, 5) E 1175.490 1.239) .403 .360 .145 30.040 30.000 
H!{ 2, 8) - 9 ( 3, 7) E 80565.133 .577) 1.000 .887 .887 25.332 22.645 
10 ( 0,10) - 9 ( 1, ~) E 110224.632 .576) 1.000 3.848 3.848 21.023 17.346 

9 ( 6, 4) - 10 ( 5, 6) E 28329. jfl5 1.889) .995 .243 .242 35.061 34.116 
1 ~ ( 3, 7 ) - 9 ( 4, 6 ) E 36560.423 .700 ) .928 .502 .466 27.098 25.879 
10 ( 1, 9) - 9 ( 2, S) E 109292.248 .574) 1.000 2.161 2.161 23.642 19.996 
11:)( 5, 6) - 9 ( 4, 5 ) E 246457.393 1. 111 ) .311 2.185 .680 34.1"\6 25.895 
10 ( 5, 5) - 9 ( 4, 5 ) E 246751.408 .919 ) .689 2.185 1.505 34.126 25.895 
10 ( 3, 8) - 9 ( 2, 7 ) E 171782.738 .589) 1.IHl0 1.588 1.587 26.749 21.01"9 
10 ( 1,11!1) 9 ( 0, 9) E 111734.050 .577) 1.000 3.858 3.858 21.1342 17.314 
Hl( 4, 7 ) 9 ( 3, 6) E 214623.160 .620) .982 1.751 1.719 3'1.007 22.848 
1C1( :;> , 4) - q ( 1, 8 ) R 1 <?VI<i\h_C;qa _ C;Af,) l_'HHl / __ ,I', 1 2.161 23.961 19.557 

9 ( 6, 3 ) - 1 Il( 5, 5) E 28385.918 1.873) .995 .243 .242 35.1373 34.126 
11:)( 3, 8) - 9 ( 4, 5 ) E 25605.865 .701 ) .928 .466 .432 26.749 25.895 

9 ( 7, 2) - HI( 6, 4 ) E 56623.397 3.11:)9) 1.000 .147 .147 41.067 39.178 
Hl( 2, 9) - 9 ( 3, 6) E 33366.327 .583) 1.0100 .352 .352 23.961 22.848 
10 ( 3, 7) U( 3, 8) E 10466.111 .020) 10466.084 .(128) 1.000 3.845 3.844 27.098 26.749 
Hi( 1, 9) - Hl( 1,10) E 77953.333 .157 ) 1.000 .744 .744 23.642 21.042 
10 ( 4, 6) - le( 4, 7 ) E 989.646 .168) .943 7.736 7.298 30.040 30.007 
10 ( 2, 8) - 10 ( 2, 9) E 41118.965 .035) 1.000 1.575 1.575 25.332 23.961 
HI( 4, 7 ) - HJ( 2, 8) E 140137.869 .302) .985 .178 .176 30.007 25.332 
110 ( 2, 9) - 10 ( 13, Hl) E 88073.196 .1813) 1.000 .693 .693 23.961 21.1023 
10 ( 3, 8) - 10 ( 1, 9) E 93161.070 .062) 1.1300 .629 .629 26.749 23.642 
11il( 9, 1) - 10 ( 8, 2) E 235135.428 6.622) 1.000 .895 .895 59.927 52.083 
11iJ( 7, 3 ) - 10 ( 6, 4 ) E 179517.538 2.767) 1.000 1.626 1.626 45.166 39.178 
110 ( 5, 5) - 10 ( 4, 6) E 122504.360 .846) .685 2.236 1.532 34.126 30.040 
10 ( 5, 6 ) - l£i( 4, 6) E 122210.345 .973) .315 2.236 .704 34.116 30.040 
10( :3 , 7) - 10 ( 2, 8 ) E 52952.379 .020) 52952.416 .043) 1.000 3.633 3.632 27.098 25.332 
h( 1, 9) - 1121 ( 0,10) E; 78517.423 .159) 1.000 1.392 1 .392 23.642 21.023 
lll( 8, 2) - Hl( 7, 3 ) E; 2fJ737G.~27 4.429) 1.o0e 1.2013 1.280 52.093 15.166 
Hl( 6, 4) - 10 ( .5, 5 ) E 151456.072 1.566) .995 1.940 1.931 39.178 34.126 
1 ~ ( 4, 6) - Hl( 3, 7 ) E 88175.12199 .267) .987 2.610 2.577 30.040 27.098 
10 ( 2, 8) - hJ( 1, 9) E 50674.718 .020) 50674.738 .036) 1.01210 3.207 3.207 25.332 23.642 
10 ( a, 3 ) - lfa( 7, 4) E 207343.583 4.457) 1.01210 1.280 1.280 52.070 45.153 
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~. The microwave spectrum for the E symmetry state of H12C160212CH3 -.Continued. 

"'- .... -------------------------------------------------------- - ~- - .-.-- ._-------------------------------------------------------
QUAN'l'UM NUMBERS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENGTH ENERGY LEVELS 
K+ K- - J" K+ K- S FREQUENCY UNCERTAINTY FREQUENCY UNCERTAINTY RELA'I'IVE RIG • ROTOR TOTAL UPPER LOWER 

'-" ..... _-------------------------------------------------------------------------------------------------------------------
li:l{ 6, 5) - 10( 5, 6) E 151410.771 1.584) .995 1. 94.0 1.931 39.167 34.116 
11'l{ 4, 7) - 10( 3, 8) E 97651.537 .281 ) .987 2.468 2.437 30. ''an 26.749 
111( 2, 9) - 10( 1,10) E 87509.106 .177) 1.0.00 1.34.0 1.34.0 23.9_61 21 • .042 
111( 9, 2) - Ie ( 8, 3) E 235111.449 6.656) 1 • .0.0.0 .895 .895 59.912 52 • .070 
1\:l( 7, 4) - 10 ( 6, 5) E 179476.614 2.789) 1.000 1.626 1.626 45.153 39.167 
II:l( 5; 6) - 10{ 4, 7) E 123199.991 .878) .685 2.231 1.529 34.116 30.007 
l\:l( 5, 5) - 1.0 ( 4, 7 ) E 123494.066 .935) .315 2.231 .702 34.126 3.0.0.07 
l\:l( 3, 8) - 10( 2, 9) E 836.05.297 .651) 1.000 2.302 2.302 26.749 23.961 
11 (1 il, 1) - 10(110, 6) E 134981.979 1.030) 1.000 5.076 5.076 73.196 68.694 
11 ( 8, 3) - 10 ( 8, 2) E 135143.195 .902) 1.000 13.779 13.779 56.591 ·52.083 
11 ( 6, 5) - llb( 6, 4 ) E 135527 • .033 .833) 1.000 2.0.546 20.546 43.699 39.178 
II ( 4, 7) - HI ( 4, 6) E 137293.450 .8103 ) .996 25.370 25.266 34.619 30.04.0 
11 ( 4, 8) - 10 ( 4, 6) E 135290.357 .812) .004 25.376 .1.04 34.552 3.0.040 
11( 2, 9) - 1.0 ( 2, 8) E 141653 • .026 .798) 1.000 28.184 28.184 30.057 25.332 
11 ( 0,11 ) - 10 ( 0, hl) E 121693.796 .792) 1.00.0 28.816 28.816 25.082 21.023 
Il( 9, 2 ) - 10 ( 9, 1) E 1351346.827 •. 958) 1.13130 9.669 9.669 64.431 59.927 
11 ( 7, 4) - Hl ( 7, 3) E 135290.469 .861 ) 1.013.0 17.405 17.405 49.679 45.166 
11 ( 5, 6 ) - 1IH 5, 5) E 135948.912 .814) .987 23.203 22.905 38.661 34.126 
11 ( 5, 7) - HI( 5, 5) E 135649.483 1.264) .013 23.203 .298 38.651 34.126 
11 ( 3, B) - HO( 3, 7) E 141244 • .035 .797) 1.01313 27.128 27.128 31.810 27.098 
l1( 1, 1~) - Hl( 1, 9) E 132921.922 .796) 1.0130 28.267 28.267 28.076 23.642 
11 ( 9, 3) - 10 ( 9, 2) E 1351361.680 .958) 1.00.0 9.669 9.669 64.417 59.912 
11 ( 7, 5) - 10( 7, 4) E 135304.1185 .860) 1.0013 17.405 17.4.05 49.667 45.153 
11 ( 5, 7 ) - 10 ( 5, 6) E 135943.497 .814) .987 23.203 22.905 38.651 34.116 
ll( 5, 6) - llrJ( 5, 6) E 136242.926 1.286) .013 23.203 .298 38.661 34.116 11 ( 3, 9) - Hl( 3, 8) E 135091.830 .799) 1.0130 26.9813 26.980 31.255 26.749 
11 ( 1,11) - 10( 1,10) E 1214613.3.00 .792) 1.000 28.807 28.807 25.093 21.042 
11(10, 2) - 10(10, 1) E 134996.942 1.031 ) 1.0.00 5.076 5.076 73.182 68.679 
1l( 8, 4) - 10 ( 8, 3) E 135157.583 .901 ) 1.000 13.779 13.779 56.578 52.070 
11 ( 6, 6) - 10( 6, 5) E 135539.641 .831 ) 1.00.0 20.546 20.546 43.688 39.167 
11 ( 4, 8) - 10 ( 4, 7) E 136280.0133 .805) .996 25.366 25.262 34.552 30.01:17 
1l( 4, 7 } - 113 ( 4, 7 ) E 138283.095 .813) .01:14 25.366 .104 34.619 30.007 11( 2,10) - 10( 2, 9) E 130010.109 .795) 1.0.00 28.018 28.018 28.297 23.961 
11 ( 3, 8) - 10 ( 1, 9) E 244871.189 .804) 1.01:11:1 .3.01 .301 31 .810 23.642 
1l( 4, 7) - HI( 3, 8 ) E 235934.632 .810) .996 1.636 1.629 34.619 26.749 
11( 3, 8) - Hl( 2, 9) E 235315.416 .798) 1.0013 .681 .681 31.8113 23.961 11O( 7, 4) - 11 ( 6, 6 ) E 43936.973 3.142) 1.001:1 .222 .222 45.153 43.688 1l( 4, 7) - Hi( 5, 6) E 15083.104 1.322) .514 .455 .234 34.619 34.116 11 ( 4, 8) - 10 ( 5, 6) E 13080.011 1.2913) .486 .455 .221 34.552 34.116 11( 2, 9) - Hl( 3, 8) E 99166.694 .792) 1.001:1 1.151 1. 151 30.057 26.749 11 ( 0,11 ) - 1 il( 1,1 ill E 121129.706 .792) 1 • .000 4.323 4.323 25.082 21.042 h( 8, 3) - 11 ( 7, 5) E 72039.498 4.852) 1.000 .133 .133 52.070 49.667 11O( 6, 5) - 11 ( 5, 7 ) E 15467.273 1.942) .966 .3313 .319 39.167 38.651 
11( 3, 8) - 110 ( 4, 7 ) E 54058.583 .863) .984 .615 .6.05 31.810 313.007 11 ( 1,10) - Hi( 2, 9) E 123366.148 .792) 1.01:11:1 2.661 2.661 28.076 23.961 11( 3, 9) - le( 2, 8) E 177578.162 .807) 1.000 1.762 1.762 31.255 25.332 
11( 1,11) l0( 1:l,10) E 122024.390 .792) 1.13130 4.328 4.328 25.093 21.1323 11 ( 4, 8) - 10( 3, 7) E 223465.455 .813) .996 1.774 1.767 34.552 27.098 11( 2, l~) - ltl ( 1, 9) I::. 139:;65.882 .001 ) 1. a0£) 2.766 2.768 20.297 2::l.G42 10( 8, 2) - 11 ( 7, 4 ) E 72086.058 4.824) 1.000 .133 .133 52.083 49.679 10 ( 6, 4 ) - 11 ( 5, 6) E 15507.160 1.922) .966 .330 .319 39.178 38.661 11( 3, 9) - HI( 4, 6) E 36450.647 .869) .984 .533 .525 31.255 30.04.0 h( 7, 3 ) 11( 6, 5) E 43990.506 3.120) 1 • .000 .222 .222 45.166 43.699 11 ( 4, 8 ) - 10 ( 5, 5) E 12785.997 1.284) .514 .452 .232 34.552 34.126 11 ( 4, 7) - H) ( ~, ~) t: 14/t1Y.108Y 1 • 2~4) .480 .4:>2 .UIO .34.619 34.126 11 ( 2,10) - Hl( 3, 7) E 35938.728 .797) 1.000 .313 .313 28.297 27.098 11( 3, 8) - 11 ( 3, 9) E 16618.312 .020) 16618.2913 .034 ) 1.000 3.298 3.297 31.810 31.255 11( 1,10) - 11 ( 1,11) E 89414.954 .232) 1.130.0 .749 .749 28.1376 25.093 11 ( 4, 7 ) - 11 ( 4, 8) E 2003.1:193 .080) .987 6.894 6.8138 34.619 34.552 11 ( 2, 9) 1l( 2,10) E 52761.823 .020) 52761.881 .050) 1 • .000 1.451 1.451 30.057 28.297 
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Table 5. The microwave spectrum for the E symmetry state of H~2c160212CH3 - Continued. 

-------------------------~- ----~---------------------------------------------------------
QUAN'!'UM NUMBeRS MEASURED TRANSITION CALCULATED TRANSITION LINE STRENGTH ENERGY LEVELS 

J K+ K- - J' K+ K- S FReQuENCY UNCER'l'AINTY FREQUENCY UNCERTAINTY RELA'l'!VE R!G. ROTOR TOTAL UPPER LOWBR 

----------------------------------------------------------------------------------------------------------------------11 ( 4, 8 ) - 1l{ 2, 9) E 134764.846 .247) .997 .273 .272 34.552 30.057 
11 ( 2.,11) - 1l( 0,11 ) E 96389.509 .252) 1.000 .723 .723 28.297 25.082 
11( 3, 9) ll( 1,10) B 95330.970 .0S4) 1.000 .805 .835 31.255 28.076 
11 ( 9, 2 ) - 11 ( 8, 3) E 235~39.060 6.523) 1.000 1.296 1.296 64.431 56.591 
11 ( 7, 4 ) - 11 ( 6, 5) E 179280.975 2.691 ) 1.000 1.978 1.978 49.679 43.699 
1l( 5, 6 ) - 11 ( 4, 7) E 121159.822 .813) .730 2.577 1.882 38.661 34.619 
11 ( 5, 7 ) - 11( 4, 7 ) E 120860.393 .895) .270 2.577 .695 38.651 34.619 
11 ( 3, 8) - 11( 2, 9) E 52543.396 .020) 52543.426 .041 ) 1.00121 4.170 4.170 31.810 30.051 
1.1 ( 1,11l) - 11( 0,11 ) E 89745.549 .234) 1.000 1.382 1.382 28.076 25.082 
11 ( 8, 3 ) - 11{ 7, 4) E 207229.253 4.341 ) 1.000 1.653 1.653 56.591 49.679 
ll( 6, 5) - 11( 5, 6) E 151034.192 1.505) .969 2.280 2.208 43.699 38.661 
ll( 4, 7) - 11( 3, 8) E 84224.513 .222) .997 3.052 3.044 34.619 31.810 
1T( 2, 9) - 11( 1,10) E 59405.842 .055) 1.000 3.115 3.115 30.057 28.076 
11( 8, 4) - 11( 7, 5) E 207197.081 4.369) 1.000 1.653 1.653 56.578 49.661 
11( 6, 6) - 11( 5, 7) E 151006.914 1.526) .969 2.279 2.208 43.688 38.651 
11( 4, 8) - 11( 3, 9) E 98839.710 .238) .997 2.764 2.757 34.552 31.255 
1I( 2,10) - 11( 1,11) E 96058.915 .250) 1.000 1.356 1.356 28.297 25.093 
11 ( 9, 3) - 11( 8, 4 ) E 235015.545 6.556) 1.000 1.296 1.296 64.417 56.578 
11 ( 7, 5 ) - 11( 6, 6) E 179241.058 2.714) 1.000 1.978 1.978 49.667 43.688 
11( 5, 7 ) - 11 ( 4, 8) E 122863.486 .849) .730 2.565 1.873 38.651 34.552 
Ii ( 5, 6 ) - 11 ( 4, 8 ) E 123162.915 .857) .270 2.565 .692 j~.661 34.:':'~ 
11 ( 3, 9 ) - 11( 2,10) E 88687.017 .1168) 1.000 2.439 2.439 31.255 28.297 
12 (1O, 2) - 11 (10, 1) E 147311.182 1.281 ) 1.000 9.750 9.750 78.110 73.196 
1::!( 8, 4 ) - 11( 8, 3) E 147524.455 1.158) 1.000 17.727 17.727 61.512 56.591 
12 ( 6, 6 ) - 11( 6, 5) E 148027.971 1.093) 1.000 23.930 23.927 48.636 43.699 
1::!( 4, 8) - 11( 4, 7 ) E 150600.947 1.065) .999 28.350 28.327 39.643 34.619 
12 ( 2, 1~) - 11( 2, 9) E 153553.206 1.061 ) 1.000 30.789 31J.789 35.179 30.057 
12 ( 0,12) - 11( 0,11 ) E 132245.244 1.054) 1.000 31.469 31.469 29.493 25.082 
12 (11, 1) - 11 (11, 0) E 147251.714 1.368) 1.000 5.097 5.097 87.796 82.885 
1:1.( 9, 3) - 11( 9, 2) E 147397.423 1.211) 1.000 13.960 13.960 69.348 64.431 
12 ( 7, 5 ) - 11( 7, 4) E 147717.688 1.12121) 1.000 21.050 21.12150 54.606 49.679 
12 ( 5, 7 ) - 11( 5, 6) E 148615.149 1.079) .961 26.364 25.337 43.618 38.661 
12 ( 5, 8) - 11( 5, 6 ) E 148245.697 1. 361) .039 26.364 1.1J27 43.606 38.661 
12 ( 3, 9) - 11( 3, 8) E 154984.528 1.061 ) 1.000 30.011 30.011 36.980 31.810 
12 ( 1,11) - 11 ( 1,10>' E 143234.191 1.058) 1.000 30.846 310.846 32.853 28 .~76 
12 (11, 2) 11( 11, 1) E 147267.6134 1.371 ) 1.1300 5.097 5.097 87.782 82.870 
12 ( 9, 4 ) -11 ( 9, 3 ) E: 147413.484 1.211) 1.000 13.960 13.960 69.334 64.417 
12 ( 7. 61 - 11( 7. 5) E: 147732.433 1. 119) 1.000 21.050 21.050 54.594 49.667 
12 ( 5, 8) - 1l( 5, 7) E 148545.126 1.083) .961 26.364 25.337 43.606 38.651 
12 ( 5, 7 ) - ll( 5, 7 ) E: 148914.578 1.388) .039 26.364 1.027 43.618 38.651 
12 ( 3,10) - ll( 3, 9) E 146977.660 1.0(2) 1.000 29.778 29.778 36.158 31.255 
12 ( 1,12) - 11 ( 1,11) E 132105.622 1.054) 1.1300 31.465 31.465 29.500 25.093 
12 (1l:l, 3) - 11 (10, 2) E 147327.362 1.282) 1.000 9.7513 9.750 78.096 73.182 
12 ( 8, S) - 11< 8. 4) E: 141540.019 1.158) 1.000 17.727 17.727 61.499 56.578 
12 ( 6, 7 ) - 11 ( 6, 6 ) E 148041.547 1.1392) 1.000 23.930 23.927 48.626 43.688 
12 ( 4, 9) - 1l( 4, 8) E 148797.776 1.067) .999 28.337 28.315 39.516 34.552 
12 ( 2,11 ) - 11{ 2,1 k'J) E 141037.707 1.057) 1.000 30.699 30.699 33.002 28.297 
12 ( 4, B) - 1l( 3, 9) E 251443.750 1.1361 ) .999 1.55il 1.549 39.643 31.255 
1l( 9, 3) - 12 ( 8, 5 ) E 87475.526 7.106) 1.1300 .122 .122 64.417 61.499 
1l( 7, 5 ) - 12 ( 6, 7) E 31199.511 3.181 ) 1.13130 .304 .304 49.667 48.626 
12( 4, 8} -11 ( 5, 7 ) E 29740.554 1.465) .653 .551 .360 39.643 38.651 
12 ( 4, 9) - 11( 5, 7) E 25934.289 1.454) .347 .551 .191 39.516 38.651 
12 ( 2, 1~) - 11( 3, 9) E 117628.070 1.055) 1.000 1.479 1.479 35.179 31.255 
12 ( \1,12) - 11( 1,11) E 131914.649 1.054) 1.000 4.794 4.794 29.493 25.093 
11( 8, 4 ) -' 12( 7, 6 ) E 59464.648 4.858) 1.0130 .204 .204 56.578 54.594 
11( 6, 6 ) - 12( 5, 8) E 2461.788 2.053) .858 .421 .361 43.688 43.606 
1::!( 3, 9) - 1l{ 4, 8) E 72763.108 1.099) .997 .744 .742 36.980 34.552 
12 ( 1,11) - 11 ( 2,10) E 13659il.231 1.055) 1.0013 3.173 3.173 32.853 28.297 
12 ( 3,110) - 11{ 2, 9) E 182902.796 1.0'71 ) 1.1300 1.991 1.991 36.158 313.057 
12 ( 1,12) - 1l{ 0,11 ) E 132436.217 1.054) 1.000 4.797 4.797 29.500 25.082 
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"(/;;i~iite;,:s~~: 'The'~±~rowav~'sp~bf~~,f4r' theE ,~ymm~try,st~t~.of, li12c}602·\L.CH3-- ".Coiltinued '.: 
.;.: ;-~ -."-

;"':r-'~"~'~*.~ ______ '_;"'_~ __ ~""~~ __ -i-_~ ___ """': ____ -.~-'-'~ _____ ~_~_~;';';;.'-~.;-_~-i~--~-'!'.--"";'-~--""~---~'~-~~:-.;""_--"-"";"~-';''''';''''''';''''--~--------'--:".---";"~.""--.-:.-' ~~ 

:r:,·?tS~~~:tJ~·i~~~~~?K2s "F::~~:~tT~~;~~!~:TY .~~g~~~~D~~~iiii~~Y RELATi~~ERI~::~~iH TO;~'::' , ~:!~~Y:,L~~f{>j, 
j~·~'4:~~_·";';""":':"'~~·~~:"":,,,.~:~:-~~---~~:-';";---~---__ ~..;.._~:-_~.-:_-____ .-~~":'~';';"------';"~--~-~ ... -~~-~--------..;..-..;.~~--~;...--~~-..:..~;.-:-~."!,,,":~..:.~:...:.~~.;.:~.:.: .. ,-; .. : 

'.! ~'~;:'~~i:~r ,.~·: . .n'~t:'l,~i '~. 
:f;,F:'::::i:;gr;:t~~,,~:;,~: '~ 
JtLh10)'-'-1 Y( 4.;: 7) E 
'llt,9/:!1·) ;";'",1,2(8, 4) E 

rn' 7I:,4) 5.:'i,lf;;· ~ ~ E 

,l}tJE${ [';)}(5;' ,6}': 
:rH::2';1~l),c"":U c 3, 8} E 
htt3',::9)" - '1:2( 3,1"JE 
'r,n',]:;tH- 12 ( 1,12) E 

;~n~~i{ ·~mj~l~\ .! 
:l~:f,·5,;;· .• 8.). '",' )2,(3, 9) E 
'::}2(3,l0) ~'1:2(' 1 ill) E 
12\F9,':3) " - 12{ '8, 4)E 
,q(;'{i,?) -,..1 2 ( 6, {;) E 

'J;~r}:"~i ': t~~ t,~~, ~ 
::12{3,,9) .,... 12( 2,Hl) E 

1'2:(,;:1,11)12.(.0,12) E 

;:j~~~f:~:',n :r~~~>~j ,~. 
<'~l¥Ctl:~ ,'7}- ;1 2 ( 5,. 7) E 
,,{J2C'4'io:8) 12( 3~, 9} E 
"'1~(:i~t0'}12( , 1,11) E 

"; '12('8,,5) ." 12:( 7, 6} E 
,,::l,:2(. 6,;: 71 - 12(,5i 8) E 

;"{l2'C,6:, ,6) '1 2C 5,.8) E 
, ~J2( 4'j'9) H( 3,Hf) E 

1]4('2; 1l)12{ 1,12) E' 
12( .,9.,4.} - 12'( 8, . 5) E 

,.J~{7;Ei) - 12( 6,7) E 

'~T~J:~t'~~l - g~ !:~i ~., 
'12(3;10):"'12{: 2,1'1) E' 

'<;~,~,(i:~'-Rlf~~ence;: [7 5A] , 

'24625.169 ~1020) , 

53974.704 .10210) 

2311019.195 
147681~,668 
5.9511.565 

2419.1043 
46.134.858 
87514~6fJ5 
3J253 • .0104 
25634.8610 
29441 • .125 
35732 .. 4100 
24625;157 

Hl.I:l543~523 
3806 .• 264 

65277.381 
13100~9'. 415 
1105181.972 

·198645.5.104 
99074.447 

234912.1028 
.1789710 .692 
119174.1025 
1.18.8104.572 

53974.747 
11010734.496 
2071036.1023 
1510447.014 
'150133.882 

7984£1.932 
69724.857 
207004~667 
150503.334 
150:B16~466 
1-0.0659.825 
1049913.99.9 
234889.10110 
17-8931.944 
1 22610 ~ 837 
1229810.289 

94626.971 

( 1.1067) 
( 1.1062} 
( 4, .831) 
C 2.1022) 
( 1.1·IOS) 
( 7.1072) 
( 3.1610) 
( 1.429) 
(1.416) 
( 1.1058) 
( .1037) 
( .328) 
( .042) 
( .084) 
( .205) 
(., .343) 
(.927) 
( .122) 
{ 6.415) 
( 2.6110.) 
( .725) 
( .777) 
( .045) 
( .329) 
( 4.246) 
( 1.451) 
( 1.820) 
( 185) 
( .090) 
( 4 ~ 274) 
(1.485) 
( 1.731) 
( .203) 
( .342) 
( 6.'448) 
( 2.632) 
( .758) 
( ~743) 
( HI8) 

.999 
1.000 
1..0010 

.858 

.997 
1.000 
1.000 

.653 

.347 
1.1000 
1.1000 
1.000 
~997 

1.000 
.999 

1.000 
.844 

'10000 
1.000 
1.10100 

.865 
135 

1.000 
1.0010 
1.000 

.872 

.128 
~999 

1.000 
1.000 

.872 

.,128 

.999 
1 ~ 000 
1.000 
1.000 

.865 

.135 
1.000 

1.809 
3.247 

.204 

.421 
.578 
.122 
.304 
.544 
.544 
.260 

2.851 
.758 

6.136 
1'~377 

.405 

.745 
125 

.962 
1.676 
-2~ 323·; .. 
2.928 
2.928 
4.5813 
1.379 
2.012 
2.617 
2.617 
3 .• 569 
2.998 
2.012 
2.616 
2.616, 
3 .• 040· 
1.366 
1.676 
2.322 
2~'899 
2.899' 
2.543 

1;80i 
3.247 

~ 294 ' 
.36;; 
.576 
.122 
~304 
.355 
.18,9 
.260,' 

2.850, 
.758 

6.111 
1.377 

.404 

.745 
105 

.962 
1.676 
2.322 
2.5.33 

.394 
4.580' 
L379 
2:012 
2~ 281 

.336;; 
3.567 
2~~ 998 
2. 0,12~ 
2.280 

.336 
3.1338 
1..366' 
1.676, 
2.322 
2.509 
~390 

'2.543 

'39.5'16' ,>31'!:8t0, 
'3,3/0-0'£' :':i8.01,6 ., 

~t~:t ?:~tJf~:":';~" 
36n58;3t;'~t9, < ',,,,;' 

". :ti':~Hi:,; :?:l:',I;!iJi,~;~:;; 
39;643 :'38::fo~r;:;: ,;;. 

,:;~:::~:, >;5~in~:f;::' i;' 
32 ~'85:3" 29'~50'0:: '; 
39.64,3 ;; 39'.'5)&",;, 

,35.179", ;3Jl0~,,?'~' 
39~516 35~179'y. , 
33. 002' .·.~9~;4~}, "-
43;'6106';<36~980' ';,<> 
36 .158 32~85:r',> 
69~3:4ir ':6J.Sl2, 
54:.606 ;4.8;~6j6} 
43.'618, 39:~643,:~' 
,43~ 6 06'39~ 643.:',.'.' 

,~~:~'~~:, ~g~~lJ~':,:;;~';:;: 
61 .512 _ '54';':6-96<,>1 

'41L:636, 43~:~J'e;",,;:( 
48~626; . 43;,..61.8;:'" 
39.6.43 •. ,36~980': 
35 • .179:; ,,'J2;.:a;5.3.' 
6 L4'~9 ' ,,5 4~'59'4' 
.48,;' 6 2 6(3 .. 6',~:~: }' 

.48 ~636 43.606: 
39,~ 516;36~J58 >" 
3 3 ~ 00 2 '~ :i~n500" 
6 9 • 33:4' ,'. 61'~.49:~· 
54 .~94° .•.. 48~§f'6 
,43.60.639';516" -, '" 
43 .61B39~:5l6 
36.158 33.002 
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Table 6. Microwave transiticns of 
-:? '16 1? 

H'-C 02 ~CH3 in order of frequency. 

--------------------------------------------------------------------------------------------------------------
FkI:.QOE1~CY UNCEl<'I'AIN'l'Y K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY J K+ K- J' K+ K- S 

--------------------------------------------------------------------------------------------------------------
962.558 .004) 4, 6 ) - 10 ( 4, 7) A 12091.558 .210) 7 2, 6) - 6 ( 3, 3 ) 
98~.o46 .1(8) 4, 6) - 11:)( 4, 7) .E; 12218.171 .613) 1 I), 1) - o ( 10, 0) E 
991.916 .(06) 4, 6) - 9 ( 5, 5) A 12219.211 .005) 1 0, 1) - o ( 0, 0) A 

1175.490 1.239) 4, 6) - 9 ( 5, 5) E 12403.746 .061 ) 8 5, 4) - 9 ( 4, 5) A 
1517.702 .0!IJ4) 3, 4 ) - 7 ( 3, 5) A. 12499.741 1.049) 8 5, 3) - 9 ( 4, 5) E 
1528.641 .057) 3, 4 ) - 7 ( 3, 5) E 12677.103 1 .073) 8 5, 4 ) - 9 ( 4, 6) E 
1610.245 .001 ) 

" 
0) 1 ( 1, 1) A 12785.997 1.284) 11 4, 8) - 10 ( 5, 5 ) E 

1611:).884 .006) 1, 0) - 1 ( 1, 1) E 12830.588 .061 ) 8 5, 3 ) - 9 ( 4, 6} A 
1827.880 .050) 2, 1) - 4 ( 1, 4) E 12894.766 .093) 11 4, B) - 10 ( 5, 5) A 
1831.175 .594) 3, 6) - 7 ( 4, 3) E 13080.011 1.290) 11 4, 8) - 10 ( 5, 6 ) E 
1836.798 .021 ) 2, 1) - 4 ( 1, 4) A 13963.084 .626) 9 3, 7) - 8 ( 4, 4) E 
1905.954 .226) 2, 5) - 5 ( 3, 2) E 14012.266 .041 ) 9 3, 7) - 8 ( 4, 4 ) A 
1917.489 .027) 3, 6) - 7 ( 4, 3) A 14267.244 .024) 7 2, 5) - 7 ( 2, 6) E 
1930.534 .021) 2, 5 ) - 5 ( 3, 2 ) A 14279.225 .013 ) 7 2, 5) - 7 ( 2, 6) A. 
1993.295 .007) 4, 7 ) - 11 ( 4, 8 ) A 14676.753 .013) 1 1, 0) - 1 ( 0, 1) E 
2003.093 .080) 4, 7 ) - 11 ( 4, 8 ) E 14681.225 .1307) 1 1, 0) - 1 ( 0, 1) A. 
2030.064 .003) 2, 2 ) 4 ( 2, 3 ) A 14789.089 1.254) 11 4, 7) - 10 ( 5, 5) E 
2033.058 .018) 2, 2 ) 4 ( 2, 3 ) E 14903.160 .(19) 4 1, 3) 3 ( 2, 2) A 
2098.832 .589) 3, 6) - 7 ( 4, 4 ) E 14915.789 .(44) 4 1, 3 } - 3 ( 2, 2) E 
2341.468 .141 ) 6, 6) 12 ( 5, 7 ) A 14928.942 .093) 11 4, 7 ) 10 ( 5, 6) A 
2419.043 2.022) 6, 5 ) 12 ( 5, 7 ) E 15083.104 1.322) 11 4, 7) - 10 ( 5, 6) E 
2461.788 2.053) 6, 6) - 12 ( 5, 8) E 15466.740 .125) 10 6, 5) - 11 ( 5, 6) A 
2611VJ.626 .141 ) 6, 5 ) - 12 ( 5, 8) A 15467.273 1.942) i 0 6, 5) - 11 ( 5, 7) E 
3214.718 .007) 3, 5 ) 8 ( 3, 6) A 15507.160 1.922) 10 6, 4 ) - 11 ( 5, 6) E 
3216.461 .027 ) 3, 5) 8 ( 3, 6) E 15575.127 .125 ) 10 6, 4 ) - 11 ( 5, 7) A 
38105.640 .012) 4, 8) - 12 ( 4, 9) A 16037.277 .015 ) 4 1, 3 ) - 4 ( 1, 4) E 
38~6.264 .\:j42) 4, 8 ) - 1:2 ( 4, 9) E 16047.952 .009) 4 1, 3) - 4 ( 1, 4) A 
4492.524 .027) 3, 2) - 5 ( 2, 3 ) A 16425.015 .014) 2 

" 
1) - 2 ( 0, 2) E 

4S49.71i7 .!a13) 2, 3 ) - 5 ( 2, 4 ) E 16431.275 .007) 2 1, 1) - 2 (/ 0, 2 ) A 
4551.927 .006) 2, 3 ) - 5 ( 2, 4) A 16618.290 .034) 11 3, 8) - 111 3, 9) E 
4589.874 • ~20) 1, 5 ) - 4 ( 2, 2) A 16635.187 .018) 11 3, 8) - 11 ( 3, 9) A 
46k:l7.111 .1:150) 1, 5) 4 ( 2, 2) E 19298.843 .015 ) 3 1, 2) - 3'( Ii), 3 ) E 
4827.926 .006) 

" 
1) - 2 ( 1, 2) E 19307.303 .008) 3 1, 2) - 3 ( 0, 3) A 

4830.641 .0(3) 1, 1) - 2 ( 1, 2) A 20262.037 .042) 9 3, 6) - B( 4, 5) h 
5047.635 .576) 3, 5 } - 7 ( 4, 3) E 20346.184 .630) 9 3, 6) - 8 ( 4, 5) E 
5188.063 .1l28) 3, 5) 7 ( 4, 4 ) A 21004.079 .032) 8 2, 7) 7( 3, 4) A 
5315.393 .600) 3, 5 ) 7( 1, 1) E 31019.995 .295 ) 2. 7) - 7 ( 3. 4) R 

6079.842 .022) 3, 6} 9 ( 3, 7) E 21663.107 .(29) 2, 6) 8{ 2, 7 ) E 
6084.237 .!ill1) 3, 6 ) - 9 ( 3, 7) A 21681.040 .016 ) 2, 6) - 8 ( 2, 7) A 
85711.692 .018) 2, 4) - 6 ( 2, 5) E 22286.8134 .043) 4, 2) - 6 ( 3, 3 ) A 
8577.507 .IHJ9) 2, 4 ) - 6 ( 2, 5) A 22827.772 .022) 1, 2) - 1 ( 1, 1) E 
8842.143 .021 ) 1, 6 ) - 5 ( 2, 3 ) A 22828.143 .0199) 1, 2 ) 1 ( 1, 1) A 
8865.793 .1390) 1, 6 ) - 5 ( 2, 3 ) E 22912.106 .043} 4, 1) - 6 ( 3, 4) A 
8910.041 .033) 4, 3 ) - 7 ( 3, 4 ) A 23550.684 .(17) 1, ~.~ - 4 ( 0, 4) E 
9023.525 .544) 4, 2 ) - 7 ( 3, 4) E 23562.326 .009) 

" 
4 ( 0, 4) A 

9097.544 .027 ) 3, 1) - 5 ( 2, 4) A. 23923.887 .020) 1, 4 ) - 5 ( 1, 5) E 
9647.113 .010) 1, 2 ) - 3 ( 1, 3) E 23939.825 .013) 1, '4 ) - 5 ( 1, 5) A 
9653.384 .0\:)6) 1, 2 ) - 3 ( 1, 3 ) A. 24296.552 .022) 0, 2) - 1 ( 0, 1) E 
9772.533 .044) 1, 8) - 7 ( 2, 5) A. 24298.488 .0(9) .0, 2l - 1 ( 1.1, 1) A 
9812.3110 .267) 1, 8} 7 ( 2, 5) E 24504.179 .013) 0, 3 ) - 2 ( 1, 2) A 

10283.5110 .552.) 4, 3) - 7 ( 3, 5) E 24505.167 .029) 0, 3) 2 ( 1, 2) E 
10443.111l2 .1033) 4, 2) - 7 ( 3, 5) A 24625.157 .037) 3, 9 ) - 12 ( 3,10) E: 
110466.i184- .lJ28) 3, 7 ) - HJ( 3, 8) E 24649.430 .(19) 3, 9) - 12( 3,10) A 
10476.395 .1115) 3, 7 ) - 10 ( 3, 8) A. 25284.040 .017 ) 1, 1) o ( 0, 0) E 
1i:J~1~.31t) .• 0~8) 

" 
7 ) - 6 ( 2, 4) A l~lYI:I.I~1:I • .1iJY) 1, 1) - I?J( £I, I!l) A 

10643.366 .162) 1, 7 ) - 6 ( 2, 4 ) E 25424.269 .071 ) 5, 3) - 8 ( 4, 4) A. 
10718.598 .(23) 2, 4 ) - 5 ( 3, 3) A 25468.2~i 1.015) 5, 3 ) - 8 ( 4, 5) E 
10772.947 .215) 2, 4 ) - 5 ( 3, 3 ) E 2.5484.359 1.000) 5, 2) - 8 ( 4, 4) E 
11227.51?SI .010) 0, 2) - 1 ( 1, 1) A 25590.725 .071 ) 5, 2) - 8 ( 4, 5) A 
112310.683 .(27) 0, 2) - 1 ( 1, 1) E 25605.865 .701 ) 3, 8) - 9 ( 4, 5) E 
121188.538 .020) 2, 6 ) - 6 ( 3, 3 ) A. 25619.253 .071 ) 3, 8) - 9 ( 4, 5) A 
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MICROWAVE SPECTRUM OF METHYL FORMATE 609 

Table 6. Microwave transitions of H12C160212CH3 in order of frequency - Continued. 

--------------------------------------------------------------------------------------------------------------
FREQUENCY UNCERTAINTY J K+ K- J' K+ K- S FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S 

25634.8611 1.429) 12 ( 4, 9) - 11 5, 6) E 37580.819 .017 ) 3 ( 2, 1) - 3 ( 1, 2) A 
25712.157 .138) 12 ( 4, 9) - 11 5, 6) A 37882.402 .028) 4 ( 0, 4 ) - 3 ( 1, 3) E 
25914 _ 289 1 _ 454) 12 ( 4. 9) - 11 5. 7) £ 37883.030 .0141 4 ( 0, 41 - 3 ( 1- 3) A 
261:)44.814 .022) 2 ( 1, 1) - 1 1, 0) E 38152.243 1.002) 6 ( 5, 2) - 7 ( 4, 4) E 
261048.539 .0HJ) 2 ( 1, 1) - 1 1, 0) A 38187.115 .084) 6 ( 5, 2) - 7 ( 4, 3) A 
26!:189.978 .024) 7 ( 2, 5 ) 6 3, 4 } A 38211.238 .992} 6 ( 5, 1) - 7 ( 4, 3) E 
2701:i!.777 .200) 7 ( 2, 5) - 6 3, 4} E 38243.125 .084) 6 ( 5, 1) - 7 ( 4, 4) A 
28239.584 .055) 9 ( 2, 8) - 8 3, 5} A 38958.548 .022) 8 ( 2, 6 ) - 8 ( 1, 7) E 
28261.474 .412) 9 ( 2, 8) - 8 3, 5) E 38975.647 • (12) 8 ( 2, 6) - 8 ( 1, 7 ) A 
28329.105 1.889) 9 ( 6, 4) - Hl 5, 6 ). E 38976.084 .025) 3 ( 1, 2) - 2 ( 1, 1) E 
28373.443 .129) 9( 6, 4) - ll? 5, 5) A 389813.8413 .1313) 3( 1, 2 ) - 2( 1, 1) A 
28385.918 1.873) 9 ( 6, 3 ) - 10 5, 5) E 39351.989 .018 ) 2 ( 2, 0) - 2 ( 1, 1) A 
28414.566 .129 ) 9 ( 6, 3) - H) 5, 6) A 39370.541 .109 ) 2 ( 2, 0) - 2 ( 1, 1) E 
29401.492 .(22) 5 ( 1, 4 ) - 5 0, 5) E 41051.842 1.871 ) 8 ( 6, 3) - 9 ( 5, 5) E 
29417.482 .011 ) 5 ( 1, 4 ) - 5 0, 5 ) A 41111.066 1.855) 8 ( 6, 2) - 9 ( 5, 4 ) E 
29441.125 1.416) 12 ( 4, 8) - 11 5, 6) E 41113.530 .142) 8 ( 6, 3) - 9 ( 5, 4) A 
29625.221 .137} 12 ( 4, 8) - 11 5, 7 ) A 41118.965 .035} 10 ( 2, 8) 10( 2, 9) E 
297419.554 1.465) 12 ( 4, 8) - 11 5, 7) E 41127.357 .142} 8 ( 6, 2) - 9 ( 5, 5) A 
30559.762 .(19) 5 ( 1, 4 ) - 4 2, 3 ) A 41150.681 .021 ) 10 ( 2, 8) - 10 ( 2, 9) A 
30564.055 .045) 5 ( 1, 4) - 4 2, 3) E 43528.152 .039) 7 ( 1, 6) - 7 ( 1, 7) E 
30670.580 .032) 9 ( 2, 7 ) - 9 2, 8) E 43556.432 .020) 7 ( 1, 6) - 7 ( 1, 7) A 
30695.164 .018) 9 ( 2, 7) - 9 2, 8) A 43829.153 .026) 9 ( 2, 7) - 9 ( 1, 8) E 
31199.511 3.181 ) ll( 7, 5 } - 12 6, 7) E 43851.294 .014) 9 ( 2, 7) - 9 ( 1, 8) A 
31253.004 3.160} 1l( 7, 4 } - 1 6, 6 ) E 43936.973 3.142} 10 ( 7, 4 ) - 11 ( 6, 6 ) E 
31262.456 .224) 11 ( 7, 5 ) 1 6, 6} A 43990.506 3.120} 10( 7, 3) ll( 6, 5) E 
]1272_1,9 _ 224) 111 7, 4) 12 n, 7) A 4]995.618 .104) 2 ( 2, 1) - 2 ( 1. 21 E 
33164.318 .1:127) 6 ( 1, 5 ) - 6 1, 6) E 44006~010 .234) 10 ( 7, 4) - 11 ( 6, 5) A 
33186.217 .016 ) 6 ( 1, 5) - 6 1, 6) A 44009.271 .234) 10 ( 7, 3 ) - 11 ( 6, 6) A. 
33337.582 .(87) lfil( 2, 9) - 9 3, 6 ) A 44042.846 .019} 2 ( 2, 1) - 2 ( 1, 2) A 
33366.327 .583) 10 ( 2, 9) - 9 3, 6) E 44202.821 .036) 8 ( 2, 6) - 7( 3, 5) A 
34156.897 .025) 3 ( 1, 3 ) - 2 1/ 2) E 44210.643 .277} 8 ( 2, 6 ) - 7 ( 3, 5) E 
34158.~98 .013) 3 ( 1, 3 ) 2 1, 2} A 45395.810 .025) 4 ( 1, 4 ) - 3 ( 1, 3) E 
34671.723 .022) 6 ( 2, 4 ) - 6 1, 5) E 45397.404 .015) 4 ( 1, 4) - 3 ( 1, 3) A 
34682.8011 .1112) 6 ( 2, 4) - 6 1, 5) A 45753.986 .027 ) 3 ( 1, 3 ) - 2 ( 0, 2) E 
34765.983 .025) 5 ( 2, 3 ) - 5 1, 4 } E 45758.732 .015 ) 3 ( 1, 3) - 2( 0, 2 ) A 
34775.649 .014) 5 ( 2, 3) 5 1, 4 ) A 45989.407 .043) . 7 ( 1, 6) - 7 ( 0, 7 ) E 
35685.721 .176) 12 ( 2,11) - 11 3, 8) A 46017 .020 .019) 7 ( 1, 6) - 7 ( 0, 7 ) A 
3::'732.4vtl , • &::;'6) 1 Z ( 2,11) '1 3, 8) r; 46119.335 .162) 12 ( 3,1&) - 11 ( 4, 7) A 
35885.526 .1:130) 4 ( 2, 2) - 4 1, 3} E 46134.858 1.108) 12 ( 3,10) - 11 ( 4, 7) E 
35893.641 .024) 2 ( 1, 2) - 1 0, 1) E 46517.297 .043) 3 ( 2, 2) - 3 ( 1, 3) E 
35893.919 .i:l16) 4 ( 2, 2) - 4 1, 3) A 46542.196 .019) 3 ( 2, 2) - 3 ( 1, 3) A 
35899.122 .012) 2 ( 1, 2) - 1 0, 1) A 46579.817 .085) 6 ( 1, 5) - 5 ( 2, 4) E 
35901.842 .126} 11 ( 2,10) lIil 3, 7 ) A 46580.288 .020) 6 ( 1, 5) - 5 ( 2, 4) A 
.359.38.1.28 .797) 11 ( ":,110) - .:S , /) E 4 I !:l.:S 4 • I.:S~ .I:)~!:l) 4 ( 1:1, 4) - .:S ( 1:1, .:I) J:; 

35974.220 .020) 7 ( 2, 5) 1, 6) E 47536.949 .015) 4 ( 0, 4) - 3 ( 0, 3 ) A 
35987.667 .011 ) 7 ( 2, 5) - 1, 6) A 48767.016 .015 ) 4 ( 2, 3) - 3 ( 2, 2) A 
36102.256 .025) 3 ( 0, 3) - 0, 2) E 48768.257 .030) 4 ( 2, 3 ) - 3 ( 2, 2) E 
36104.812 .(13) 3 ( 0, 3) - 0, 2} A 49134.652 .015} 4 ( 3, 2) - 3 ( 3, 1) A 
36444;686 .112) 11( 3, 9) 4, 6} A 49151.779 .029} 4 ( 3, 2) - 3 ( 3, 1) E 
364511.647 .869) 1l( 3, 9) 4, 6 ) E 49155.218 .030) 4 ( 3, 1) - 3 ( 3, 0) E 
36475.727 .131 ) 3 ( 2, 2) - 2, 0) E 49180.127 .015) 4 ( 3, 1) - 3 ( 3, 0) A. 
36518.522 .072} 10 ( 3, 7) - 4, 6 ) A 49889.745 .034) 4 ( 2, 3 ) - 4 ( 1, 4) E 
365611.423 .700) 10( 3, 7) - 4, 6) E 49911.807 .019) 4 ( 2, 3 ) - 4 ( 1, 4) Ii 
36657.447 .013) 3 ( 2, 2) - 2, 1) A 50094.922 .031 ) 4 ( 2, 2) - 3 ( 2, 1) E 
36678.576 .0771 3 ( 2, 2) - 2. 1) E 50105.073 .015) 4 ( 2. 2) - 3 ( 2. 1) A 
36927.877 .030) 6 ( 1, 5) 0, 6) E 50674.738 .036) Hl( 2, 8) - 10 ( 1, 9) E 
36949.304 .014) 6 ( 1, 5) - 0, 6) A 50703.185 .017) 10 ( 2, 8 ) - 10 ( 1, 9) A 
37182.1211 .060) 3 ( 2, 1) - 2, 0) E 51052.308 .(42) 5 ( 0, 5 ) - 4 ( 1, 4 ) E 
37209.6710 .013) 3 ( 2, 1) 2, el} A 51054.087 .016 ) 5( 0, 5 ) - 4 ( 1, 4 ) A 
37384.969 .129) 3 ( 2, 1) - 2, 1) E 51785.973 .025) 4 ( 1, 3) - 3 ( 1, 2) E 
37576.577 . 043) 3 ( 2 • 1) - 1. :n F. S17c)1 _ c)72 _fill S) 4 ( 1. ::l) - 1( 1, 2) A 
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Table 6. Microwave . . 12 16 12 . 
trans1t1ons of H C 02 CH3 1D order of frequency - Continued. 

--------------------------------------------------------------------------------------------------------------FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY K+ K- - J' K+ K- S 
--------------------------------------------------------------------------------------------------------------52543.426 .041) 1Jt 3, B) - 11 ( 2, 9) E 63054.591 .022) 6 ( 2, 5) - 6( 0, 6) A 

52557.549 .028 ) 11( 3. S} - 11 ( 2. 9) A 63296.981 .1342) 5 ( 2, 3) - 4 ( 2, 2) E 
52761.881 .050) 11( 2, 9 ) - 11 ( 2,10) E 63305.348 .1316 ) 5 ( 2, 3 ) - 4 ( 2, 2) A 
52800.891 .029) 11( 2, 9) - 11 ( 2,10) A 63786.936 • I 23) 6( 3, 3 ) - 6( 2, 4) E 
52952.416 .043) 10 ( 3, 7) - 10 ( 2, 8) E 63788.714 .026) 6 ( 3, 3) - 6 ( 2, 4 ) A 
52964.135 .026) 10 ( 3, 7} - 10( 2, 8} A 63192.104 .087) 6( 0, 6) - 5 ( 1, 5) E 
53974.747 .045) 12 ( ::. , 9) - 12 ( 2,113) E 63794.531 .019) 6 ( 0, 6) - 5 ( 1, 5 ) A 
53992.924 .1331 ) 12 ( 3, 9) - 12{ 2, i 0) A 64043.321 .046) 5 ( 1, 5 ) - 4 ( 0, 4) E 
54042.431 .113) 1l{ 3, 8) 10 ( 4, 7) A 64046.119 • eJ19) 5 ( 1, 5 ) - 4 ( 0, 4 ) A 
!>41l!>t!.!>t!.:I • Bb3) 11( 3, 8) - 10 ( 4, 7) E 64416.524 .042) 5 ( 1, 4) - 4"{ I, :3 ) E 
5414~.163 .033) 5 ( 2, 4 ) 5 ( 1, 5) E 64423.617 .017) 5 ( 

" 
4 ) 4 ( 1, 3 ) A 

54163.547 .019) 5 ( 2, 4 ) - 5 ( 1, 5 ) A 65212.506 .110) 2 ( 2, 1) - 1{ 1, 0) E 
54695.742 .(62) 8 ( 1, 7) - 8 ( 1, B) E 65235.128 .054) 7 ( 2, 6) - 7 ( 1, 7) E 
54731::1.461 .028) 8 ( I, 7 ) - 8 ( 1, 8) A 652613.744 .022) 2( 2, 1) - 1( 1, 13) A 
54811. 114 .053) 9 ( 3, 6) - 9 ( 2, 7) E 65264.874 .1323) 7 ( 2, 6) - 7 ( 1, 7) A 
54821.814 .02.5) 9 ( 3, 6) - 9{ 2, 7) A 65277.381 .084 ) 12 ( 2,113) - 12( 2,11 ) E 
551:147.540 .029) 4 ( 1, 4 ) - 3 ( 0, 3) E 65323.450 .047) 12 ( 2,10) - 12( 2,11) A 
551:)51.323 .017) 4 ( 1, 4 ) - 3 ( 0, 3) A 65415.355 .109 ) 2 ( 2, 0) - 1 ( 1, eI ) E 
56244.01::14 .fl66) 8 ( 1, 7) - 8 ( 0, 8) E 65928.888 .198) 5 ( 3, 3 ) - 5 ( 2, 3) E 
56278.069 • ~27) 8 ( 1, 7 ) - 8 ( 111 , 8) A 66203.119 .027) 5 ( 3, 2) - 5 ( 2, 3) A 
56529.914 .1l42} 5 ( 1, 5) - 4 ( 1, 4} E 66225.186 .196) 5 ( 3, 2 ) - 5 ( 2, 3) E 
56531.744 .1.l16 ) 5 ( 1, 5 ) - 4 ( 1, 4) A 66291.234 .100) 9 ( 1, 8) - 9 ( 1, 9) E 
5657t:f.018 3.130) 9 ( 7, 3 ) - 1 eJ ( 6, 5) E 66332.098 .043) 9{ 1, 8) - 9 ( 1, 9) A 
56623.397 3.109) 9 ( 7, :2 ) - 10 ( 6, 4) E 66823.39eJ • 105) 2 ( 2, 1) - 1( 1, 1) E 
56642.72.4 .252) 9 ( 7, 3 ) - 10 ( 6, 4) A 67010.773 .022) 2 ( 2, 0) - 1( 1, 1) A 
56643.689 .252} 9 ( 7, 2) - 10 ( 6, 5) A 67026.239 .114) 2 ( 2/ 0)" - l( 1, 1) E 
57403.153 .041) 4 ( 2, 3 ) 4 ( 0. 4 ) E 67236.562 .103) 9 ( L 8) 9 ( 0, 9) E 
57426.182 .023) 4 ( 2, 3) - 4 ( 0, 4) A 67276.879 .042) 9 ( 1, 8) - 9 ( 0, 9 ) A 
57612.687 .069) 8 ( 3, 5 ) - 8 ( 2, 6) E: 67555.663 .087) 6 ( 1, 6 ) - 5 ( 

" 
5 } E 

57623. ~39 .024) 8 ( 3, 5 ) - 8 ( 2, 6) A 67557.618 .020) 6 ( 1, 6) - 5 ( 
" 

5 ) A 
58565.716 .042) 5 ( 0, 5 ) - 4 ( 0, 4) E 67690.660. .270) 4 ( 3, 2) - 4 ( 2, 2 ) E 
58568.461 .017) 5 ( 0, 5 ) - 4 ( 121 , 4 ) A 67696.383 .062) 7 ( 2, 6) - 7 ( 0, 7 ) E 
59265.349 .039} 6 ( 2, 5 ) 6 ( 1, 6) E 67725.462 • (24) 7 ( 2, 6) 7 ( 1:1 , 7 ) A 
59291.510 .020) 6 ( 2, 5) - 6 ( 1, 6 ) "A 67850.965 .028) 4 ( 3, 1) - 4 ( 2, 2 ) A 
59405.842 .055) 11( 2, 9) - 11 ( 1,10) E 67909.820 .261 ) 4 ( 3, 1) - 4 ( 2, 2 ) E 
59441.450 .026) 11( 2, 9) - 11 ( 1,10) "A 68633.803 .295) 3 ( 3, 1) - 3 ( 2, 1) E 
59464.648 4.858) 11( 8, 4) - 12 ( 7, 6) E 68775.911 .030) 3 ( 3, 0) - 3 ( 2, 1) A 
59511.565 4.831 ) II( 8, 3) 12( 7, 5) E 68849.524 .257) 3 ( 3, 0) 3 ( 2, i) E 
59539.051 .384) 11( R, 4 ) - 12 ( 7, 'i) A 6tl269.709 .0138) 6 ( 0, 6 ) - 5 ( 0. 5) E 
59539.277 .384) 1l( 8, 3 ) 12 ( 7, 6 ) A 69272.189 .020} 6 ( 0, 6) - 5 ( 0, 5 ) A 
59617.769 .041 ) 5 ( 2, 4) - 5 ( 0, 5) E 69340.196 .251) 3 ( 3, 1) - 3 ( 2, 2) E 
59641.205 .022) 5 ( 2, 4) - 5 ( 0, 5) A 69460.299 .030) 3 ( 3, 1) - 3 ( 2, 2) A 
61f181-J.332 .042) 5 ( 2, 4) - 4 ( 2, 3) E 69555.917 .302) 3 ( 3, 0) - 3( 2, 2) E 
6JJ783.484 .016) 5 ( 2, 4 ) 4 ( 2, 3) A 69723.717 .256) 4 ( 3, 2) - 4 ( 2, 3) E 
60784.598 .090) 7 ( 3, 4 ) - 7 ( 2, 5) E 69124.857 .090) 12 ( 2,10) - 12 ( 1,11 ) E 
6e793.5~2 .025) 7 ( 3, 4 ) - 7 ( 2, 5) A 69767.856 .044) 12( 2,10) - 12( 1,11) A 
61316.049 .394) 5 ( 3, 3 ) - 4 ( 3, 1) E 69827.936 .028) 4( 3, 2) - 4 ( 2, 3 ) A 
6140".976 .059) 5 ( 4, 1) - 4 ( 4, 0) E 69942.878 .277) 4 ( 3, 1) - 4 ( 2, 3) E 
6141d5.3b9 • £ISS} 5 ( 4, 2) 4 ( 4 t 1) E 70478.594 .195) 5 ( 3, 3) - 5 ( 2, 4 ) E 
614~6.11i37 .016) 5 ( 4, 2) - 4 ( 4, 1) A 70544.490 .026) 5 ( 3, 3) - 5 ( 2, 4) A. 
hlA~R_R"11 _ 01 g) 5 ( 11 , 1) - <1( 4, 0) l\ 7077<1,994 _ 2(5) S ( <, ? ) - r:;( 2. <1) R 
615':lI1.038 .016 ) 5 ( 3, 3 ) - 4 ( 3, 2) A 71703.653 .125) 6 ( 3, 4 ) - 6 ( 2, 5) E 
61535.209 .083) 5 ( 3, 3 ) - 4 ( 3, 2) E 71744.0135 .025) 6 ( 3, 4 ) - 6 ( 2, 5) A 
61612.349 • ~86) 5 ( 3, 2) - 4 ( 3, 1) E 71991.183 .081 ) 8 ( 2, 7) - 8 ( 1, 8) E 
61657.502 .016} 5 ( 3, 2) 4 ( 3, 1) A 72025.06S .030) a ( 2, 7) a( 1, a} A 
61831.509 .39'0) 5 ( 3, 2) 4 ( 3, 2) E 721339.498 4.852) 10( 8, 3) - 11 ( 7, 5) E 
62148.515 .405) 9 ( 2, 7 ) - B( 3, 6) E 721386.1358 4.824 ) 10 ( 8, 2} - 11 ( 7, 4) E 
62149.4ti6 .059) 9 ( 2, 7 ) - 8 ( 3, 6) A 72116.527 .406) 10 ( S, 3 ) - 11 ( 7, 4) A 
62742.211 .157) 7 ( 1, 6) - 6 ( 2, 5) E 72116.587 .406 ) 10 ( 8, 2) - 11 ( 7, 5) A 
62746.317 .02B} "1 ( 1, 6) - 6 ( 2, 5) A 72680.B46 .088) 6 ( 2, 5) - 5 ( 2, 4 ) E 
63028.908 .047) 6 ( 2, 5) - 6 ( 3, 6 ) E 72685.581 .020 ) 6 ( 2, 5) - 5 ( 2, 4) A 
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Table 6. Microwave transitions of' H12c160212CH3 in order of frequency - Continued. 

--------------------------------------------------------------------------------------------------------------
FREQUENCY UNCERTAIN'l'Y J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S 

--------------------------------------------------------------------------------------------------------------
72762.0611 .163) 12( 3, 9) - 11 ( 4, 8 ) A 84454.758 ( .028) 7 ( 2, 6) - 6 ( 2, 5) A 
72763.108 1.099) 12 ( 3, 9) - 11 ( 4, 8) E 85614.759 ( .192) 7 ( 3, 5 ) - 6 ( 3, 3) E 
73tl33.268 .(190) 6 ( 1, 6) - 5 ( 0, 5) E 85638.441 ( .042) 4 ( 2, 3 ) - 3 ( 1, 2) E 
73035.275 .1021 ) 6 ( 1, 6) - 5 ( 0, 5) A 85655.828 ( .1025) 4 ( 2, 3 ) - 3 ("1 , 2) A 
73523.201 .1094) 7 ( 3 , 5 ) - 7 ( 2, 6) E 85919.123 ( .216) 7 ( 6, 1) - 6 ( 6, 10) E 
73539~445 .087) 8 ( 2, 7) - 8,( 10 , 8) E 85927.204 ( .039) 7 ( 6, 2) - 6( 6, 1) A 
73555.045 .023) 7 ( 3, 5) - 7 ( 2, 6) A 85927.210 ( .039) 7 ( 6, 1) - 6 ( 6, 10) A 
73572.675 .031 ) 8 ( 2, 7) - 8 ( 10, 8) A 85927.218 ( .215) 7 ( 6, 2) - 6( 6, 1) E 
73609.607 .247) 6 ( 3, 4) - 5 ( 3, 2) E 86020.999 ( .189) 7 ( 5, 2) - 6 ( 5, 1) E 
73658.206 .1210) 6 ( 5, 1) - 5 ( 5, 0) E 861028.240 ( .189) 7 ( 5, 3) - 6 ( 5, 2) E 
73664.379 .121O} 6 ( 5, 2) - 5 { 5, 1} E 86029.422 ( .1032) 7 ( 5, 3) - 6 ( 5, 2) A 
73665.596 .025) 6 { 5, 2} - 5 ( 5, 1) A 86030.189 ( .032) 7 ( 5, 2) - 6 ( 5, 1) A 
73665.736 .025} 6 ( 5, 1) - 5 ( '5, 0) A 86210.053 ( .028) 7 ( 4, 4) - 6 ( 4, 3) A 
73782.9107 .102) 6 ( 4, 2) - 5 ( 4, 1) E 86223.529 ( .173) 7 ( 4, 3) - 6 ( 4, 2) E 
73784.523 .020} 6 ( 4, 3 ) - 5 ( 4, 2) A 86224.527 ( .172) 7 ( 4, 4) - 6 ( 4, 3) E 
73787.883 .1101 ) 6 ( 4, 3 ) - 5 ( 4, 2) E 862510.551 ( .1028) 7 ( 4, 3) - 6 ( 4, 2) A 
73796.793 .1020} 6 ( 4, 2) - 5 ( 4, 1) A 86265.798 ( .027) 7 ( 3, 5) - 6 ( 3, 4) A 
73885.096 .019) 6 ( 3, 4) - 5 ( 3, 3) A 86268.735 ( .169) 7 ( 3, 5) - 6 ( 3" 4) E 
73905.907 .128) 6 ( 3, 4 ) - 5 ( 3, 3) E 87143.400 ( .169) 7 ( 3, 4) - 6 ( 3, 3) E 
74263.583 .1310) 6 ( 3, 3 ) - 5 ( 3, 2) E 87161.285 ( .1027 ) 7 ( 3, 4) - 6 ( 3, 3) A 
74:191'>.7'i'i . ell 9) I; ( .. , ' ) - 5 ( .. , 2) A. 87475.526 ( 7.1(;16) 11 ( 9, ,) - 1? ( H, 'i) R 
74559.883 .243} 6 ( 3, 3) - 5 ( 3, 3)- E 87509.106 ( .177) 110 ( 2, 9) - 11O( 1,11O} E 
75846.268 .049) 3 ( 2, 2) - 2 ( 1, 1) E 87514.605 ( 7.072) 11 ( 9, 2) - 12( 8, 4) E 
75869.652 .024} 3 ( 2, 2) - 2 ( 1, 1) A 87552.331 ( .1065) 110 ( 2, 9) - 10 ( 1,10) A 
76k'118.152 .161:) 7 ( 0, 7 ) - 6 ( 1 , 6) E 87555.9105 ( .611 ) ll( 9, 3) - 12 ( 8, 4 ) A 
76"20.8117 .028) 7 ( 10, 7) - 6 ( 1, 6) A 87555.9108 ( .611 ) ll( 9, 2) - 12( 8, 5} A 
76u59.333 .1)74) o ( 3, G) o ( 2, 7) E 077GG.421 ( .2G4) o ( 0, 0) 7 ( 

" 
7) p, 

76089.362 ,024) 8 ( 3, 6 ) 8 ( 2, 7) A 87769.024 ( .1044) 8 ( 10, 8) - 7( 1, 7} A 
7671(J1.834 .087} 6 ( 2, 4) - 5 ( 2, 3) E 87797.375 ( .189) 7 ( 3, 4) - 6 ( 3, 4) E 
76711.161(j • !r:l20) 6 ( 2, 4) - 5 ( 2, 3) A 881073.196 ( .180) l0( 2, 9} - 10 ( 10,1 fil) E 
76796."94 .088) 6 ( 1, 5 ) - 5 ( 1, 4) E 88116.006 ( .1064) 110 ( 2, 9) - 11O( 0,10) A 
76804.1010 .021 } 6 ( 1, 5) - 5 ( 1, 4 ) A 88175.1099 ( .267) 110 ( 4, 6) - 10( 3, 7) E 
77953.:333 .157) , a ( 

" 
9) - 10 ( 1,10) J:; 88180.409 ( ,.049) 10 ( 4, 6 ) - 10 ( 3, 7) A 

77999.826 .1065) 110 ( 1, 9) - 110 ( 1,11O) A 88687.1017 ( .068) 11 ( 3, 9) - 11 ( 2,1 fil) E 
78479.407 .161 } 7 ( 1, 7 ) - 6 ( 1, 6) E 88723.253 ( .1043) 11 ( 3, 9) - 11 ( 2,1 fil) A 
78481.394 .028} 7 ( 1, 7) - 6 ( 1, 6) A 88843.242 ( .162) 7 ( 1, 6) - 6 ( 1, 5) E 
78517.423 .159) l0( 1, 9) - 11O{ 0,11O} E 88851.610 ( .1029) 7 ( 1, 6) - 6 ( 1, 5) A 
78563.501 .064) l0( 1, 9) - 10 ( 0,110) A 89314.683 ( .264) 8 ( 1, 8) - 7 ( 1, 7) E 
78775.297 .261 } 8 ( 1, 7) - 7 ( 2, 6) E 89316.632 ( .1044) 8 ( 1, 8) - 7 ( 1, 7) A 
78782.219 .1043) 8 ( 1, 7) - 7 ( 2, 6) A 89414.954 ( .232) 11 ( 1,110) - 11 ( 1,11) E 
79401.852 .057} 9 ( 3, 7) - 9 ( 2, 8) E 89466.547 ( .1095) 11 ( 1,10) - 11 ( 1,1l) A 
79432.741 .1026} 9 ( 3, 7) - 9 ( 2, 8) A 89745.549 ( .234) 11 ( 1,110) - 11 ( 10,11 ) E 
79449.807 .122) 9 ( 2, 8) - 9 ( 1, 9) E 89796.846 ( .1095) 11 ( 1,110) - 1l( 10,11 } A 
79488.227 .044) 9( 2, 8} - 9 ( 1, 9) A 910145.738 ( .161 ) 7 ( 2, 5) - 6 ( 2, 4 ) E 
79781.712 .161 } 7 ( 10, 7) - 6 ( 0, 6) E 910156.476 ( .1029) 7 ( 2, 5) - 6 ( 2, 4) A 
79783.893 .1029) 7 ( 0, 7) - 6 ( 0, 6) A 910227.675 ( .265) 8 ( ,10 , 8) - 7 ( 10, 7 ) E 
79840.932 .185} 12 ( 4, 8) - 12 ( 3, 9) E 910229.612 ( .1044) 8 ( 0, 8) - 7 ( 10, 7) A 
79849.335 .059) 12 ( 4, 8) - 12( 3, 9} A 90877.285 ( .347) 9 ( 4, 6) - 9 ( 3" 6) E 
8\1395.135 .126) 9 ( 2, 8) - 9 ( 10, 9) E 91356.749 ( .046) 9 ( 4, 5) - 9 ( 3, 6) A 
8!r:l433.008 .044} 9 ( 2, 8) - 9 ( 10, 9) A 91365.759 ( .335) 9( 4, 5) - 9 ( 3, 6) E 
8\1565.133 .577) Hi( 2, 8) - 9 ( 3, 7) E 91775.937 ( .266) 8 ( 1, 8) - 7 ( 10 , 7) E 
80~72. 499 .1091 } 10 ( 2, 8) - 9 ( 3, 7) A 91777.2210 ( .1044) 8 ( 1, 8) - 7 ( 0, 7) A 
813811.587 .(52) 3 ( 2, 1) - 2 ( 1, 2) E 925610.425 ( .058 ) 9 ( 3, 7 ) - 9 ( 1, 8) E 
81392.31011J .024) 3 ( 2, 1) - 2 { 1, 2} A 92588.871 ( .036) 9 ( 3, 7 ) - 9 ( 1, 8) A 
82242.966 .163} 7 ( 1, 7) - 6 ( 0, 6) E 93161.070 ( .062) 110 ( 3, 8) - 11O( 1, 9) E 
82244.481 .1129} 7 ( 1, 7) - 6( 10 , 6) A 931910.925 ( .040) 110 ( 3, 8) - 10( 1, 9} A 
8361!J5.297 .051 ) 10( 3, 8) - 110 ( 2, 9) E 93354.774 ( .1069) 8 ( 3, 6) - 8 ( 1, 7) E 
83638.420 .1032} HI( 3, 8) - Hl( 2, 9} A 93383.968 ( .035) 8 ( 3, 6) - 8 ( 1, 7) A 
84224.513 .222} 11( 4, 7} - 1l( 3, 8) E 93396.984 ( .453) 8 ( 4, 5) - 8 ( 3, 5) E 
84233.330 .054) 11( 4, 7 ) - 1l( 3, 8) A 936610.0610 ( .1044) 8 ( 4, 4) - 8( 3, 5) A 
84449.186 .162} 7 ( 2, 6) - 6 ( 2, 5) E 937010.242 ( .429) 8 ( 4, 4) - 8( 3, 5) E 
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Table 6. Microwave transitions of H12c160212CH3 in order of frequency - Continued. 

-------------------------------------------------------~------------------------------------------------~------
FREQUENCY UNCERTAINTY J K+ K- J- K+ K- S FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S 

--------------------------------------------------------------------------------------------------------------
9437B.696 .399) 9 1,8 ) - 8 ( 2, 7) E 98444.620 .697) 8 ( 4, 5) - 7 ( 4, 3 ) E 
94387.534 .066) 9 1. 8) - 8 ( 2. 7l A 98606.869 .269) 8 ( 3. 6l - 7 ( 3. 5) E 
94626.971 .1118 ) 12 3',10) - 12( 2,11 ) E 98611.142 .043) 8 ( 3, 6) - 7 ( 3, 5 ) ~ 
94632. !HH) .056) 5 2, 4) - 4 ( 1, 3 ) E 98682.588 .043) 8 ( 4, 5) - 7 ( 4, 4 ) A 
94647.340 .027 ) 5 2, 4 ) - 4 ( 1, 3) A 98712.277 .279) 8 ( 4, 5) - 7 ( 4, 4 ) E 
94666.944 .059) 12 3,110) 12( 2,11 ) A 98747.878 .279) 8 ( 4, 4) - 7 ( 4, 3 ) E 
94979.397 .521 ) 7 4, 4 ) - 7 ( 3, 4 ) E 98792.267 .043) 8 ( 4, 4) - 7 ( 4, 3 ) A 
q<;17<; _ 951 _045) 7 4. 3 ) - 7 ( 3. 4) A 91>1>39.710 .239) 11( 4, 9) - 11 ( 3. g) E 
95:":31iJ.177 .091 ) 7 3 , 5 ) - 7 ( 1, 6) E 98875.222 .052) 11( 4, 8) - 11 ( 3, 9) A 
95247.054 .474) 7 4, 3 ) - 7 ( 3, 4) E 991015.535 .700) 8 ( 4, 4) - 7 ( 4, 4) E 
95263.487 .035) 7 3, 5 ) - 7 ( 1, 6) A 99074.447 .122) 12( 3, Hl) - 12 ( 1,11) E 
95331:1.978 .(84) 11 3, 9) - 11 ( 1,10) E 99111.350 .061 ) 12 ( 3,10) - '12 ( 1,11) A 
95363.812 .1:148) 11 3, 9) 11( 1,110) A 99133.316 .401 ) 9 ( 121, 9) 8 ( 1, 8) E 
95898.271:1 .568) 6 4, 3 ) - 6 ( 3, 3) E 99135.723 .068) 9 ( 121, 9) - 8 ( 1, B) A 
96"58.915 .250) 11 2,10) - 11 ( 1,11) E 99166.694 .792) ll( 2, 9) - HI( 3, 8) E: 
96070.738 .266) 8 2, 7) - 7 ( 2, 6) E 99179.128 .131 ) 11( 2, 9) - 10 ( 3, 8) A 
96076.826 .043) 8 2, 7 ) - 7 ( 2, 6) A 100078.644 .402) 9 ( 1, 9) - 8 ( 1, 8) E 
96086.684 .047) 6 4, 2 ) - 6 ( 3, 3) A 100080.5104 .(67) 9 ( 1, 9) - 8 ( 1, 8) A 
9&H!?106 .093) 11 2,10) - 11 ( 1,11) A 1121121294.689 .268} 8 ( 3, 5) - 7 ( 3, 4) E 
96166.925 .471 J. 6 4, 2) - 6 ( 3, 3) E 100308.158 .043) 8 ( 3, 5 ) 7 ( 3, 4) A 
96373.969 .647) 5 4, 2) 5 ( 3, 2) E 1100482.273 .266) 8 ( 1, 7 ) - 7 ( 1, 6) E 
96389.509 .252) 11 2,10) - II ( 0,11 ) E 100490.661 .045) 8 ( 1, 7) - 7 ( 1, 6 ) A 
96437.405 .1393) 11 2,10) - 11 ( 0,11 ) A 100543.523 .328) 12 ( 1,11) - 12( 1(12) E 
96508.1038 .483 ) 7 4, 4) 7 ( 3, 5) E 100599.827 .134 ) 12 ( 1,11) - 12( 1,12) A 
96552.245 .478) 6 4, 3) 6 ( 3 r 4 ) E 1100659.825 .203) 12 ( 4, 9) - 12( 3,10) E 
!:I ti!:>I.l 0 • 04b .1:14:1) 5 4, 1) - 5 ( 3, 2) A 100681.578 .402) 9 ( 121 , 9) - 8 ( 121, 8) E 
96613.445 .439} 8 4, 5) - 8 ( 3, 6) E 11313683.331 .067) 9 ( 0, 9) - 8 ( 10, 8) A 
96637.797 .044) 7 4, 4) - 7 ( 3, 5) A 1100693.125 .059) 12 ( 4, 9) - 12( 3,10) A 
96647.601 .443) 5 4, 1) - 5 ( 3, 2) E 100734.496 .329) 12 ( 1,11) - 12( 0,12) E 
96670.269 .448) 5 4, 2) - 5 ( 3, 3) E 100790.601 .133) 12 ( 1,11\ - 12( 0,12) ~ 

96693.542 .047) 6 4, 3) 6 ( 3, 4 ) A 101626.906 .4021 9 ( 1, 9) - 8 ( 0, 8) E 
96709.243 .043) 8 4, 5) - 8 ( 3, 6) A 1101628.112 .1367) 9 ( 1, 9) - 8 ( 0, 8) A 
96775.695 .514) 7 4, 3 ) - 7 ( 3, 5) E 102897.125 .099) 6 ( 2, 5) - 5 ( I, 4 ) E 
96794.115 .049) 5 4, 2) 5 ( 3, 3) A 102909.303 .030) 6 ( 2, 5) - 5( 1, 4) A 
96!l01iJ.1i:J9 .441 ) 4 4, 1) - 4 ( 3, 2) E 103466.601 .265) 8 ( 2, 6) - 7 ( 2, 5) E 
9682l!J.9~1:j .561 ) 6 4, 2) - 6 ( 3, 4) E 103478.641 .044) 8 ( 2, 6) .,.. 7( 2, 5) A 
96835.298 .052) 4 4, I:? ) - 4 ( 3, 1) A Hl4990.999 .342) 12 ( 2,11 ) - 12( 1,12) E 
96858.973 .437) 4 4, I!.il - 4 ( 3, 1) E 105044.233 .1310) 12 ( 2,11) - 12( 1 ,12) A 
9&888.046 .1:152) 4 4, 1) - 4 ( 3, 2) A 1135181.972 .343) 12 ( 2,11 ) - 12( 0,12') E 
96916.7~3 .447) 8 4, 4 ) - 8 ( 3, 6) E 105235.007 .130) 12 ( 2,11 ) - 12( 0,12) A 
96943.901 .6410) 5 4. 1) - 5 ( 3, 3) E 105815.923 .363) 3 ( 3 r 1) - 2( 2, 0) E 
96957.127 .347) 9 4, 6) - 9( 3, 7) E 105977.962 .1333) 3 ( 3, 1) - 2 ( 2, 13) A 
97018.113 .[144) 9 4, 6) - 9 ( 3, 7) A 106018.772 .196) 3 ( 3, 1) - 2 ( 2, 1) E 
97318.612 .045) 4 2, 2) - 3 ( 1, 3) E 1136031.644 .201 ) 3 ( 3, 13) - 2 ( 2, 0) E 
97339.275 .027 ) 4 2, 2) 3 ( 1, 3) A 106125.365 .033) 3 ( 3, 0) - 2( 2, 1) A 
97445.6111 .345} 9 4. 5) - 9( 3, 7) E 106234.494 .367) 3 ( 3, 0) - 2 ( 2, 1) E 
97651.537 .281 ) 10 4, 7) - 10 ( 3, 8) E 107537.268 .404) 9 ( 2, 8) - 8 ( 2, 7) E 
97694.247 .047) Hl 4, 7) - HI( 3, 8) A 1137543.664 .066) 9 ( 2, 8) 8 ( 2, 7) A 
97B19.291> .1337> 6 3, 4} (; ( 1, S) h 1a~2~2.240 • S74} 111( , , 9) 9 ( 2, Bl 11: 

98182.315 .349) 8 7, 1) - 7 ( 7, 0) E 11393102.055 .097) 1l:l( 1, 9) - 9 ( 2, 8) A 
98190.602 .0610) 8 7, 2) 7 ( 7, 1) A 110224.632 .576) lIl( l:l,10) 9 ( 1, 9) E 
98190.603 .0610) 8 7, I} 7 ( 7, 0) A 110226.782 .099) 10 ( 0, HJ) 9 ( 1, 9) A 
98192.3710 .349) 8 7, 2) - 7 ( 7, 1) E 1l0447.280 .526) 9 ( 8, 1 ) - 8 ( 8, 0) E 
98271O.4~6 .314) 8 6, 2) - 7 ( 6, 1) E 110455.273 .091 ) 9 ( 8, 2) - 8 ( 8, 1) A 
98279.651 .313) 0 6, 3) 7 ( 6, 2) 13 110455.273 ."'91 ) 9 ( S, 1) - S ( II , til) A 

98279.702 .051 ) 8 6, 3) 7 ( 6, 2) A 110459.213 .526) 9 ( 8, 2) - 8 ( 8, 1) E 
98279.743 .051 ) 8 6, 2) - 7 ( 6, 1) A 110525.722 .480) 9 ( 7, 2) 8 { 7, 1) E 
98424.067 .290) 8 5, 3 ) - 7 ( 5, 2) E 110535.109 .079) 9 ( 7, 3) - 8 ( 7, 2 ) A 
98432.365 .289) 8 5, 4 ) - 7 ( 5, 3) E 110535.111 .079) 9 ( 7, 2) - 8 ( 7, 1) A 
98432.729 .645) 8 5, 4 ) - 7 ( 5, 3) A 110536.988 .479) 9 ( 7, 3) - 8'( 7, 2) E 
98435.776 .1:145) 8 5, 3) 7 ( 5, 2) A 110550.217 .172) 7 ( 2, 6) 6 ( 1, 5) E 
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Table 6. Microwave transitions of H12C160212CH3 in order of frequency - Continued. 

--------------------------------------------------------------------------------------------------------------FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S 
--------------------------------------------------------------------------------------------------------------

110560.051 .1il37 ) 7 ( 2, 6) - 6 ( 1, 5) A 122504.360 .846) 10 ( 5, 5) - 10( 4, 6) E 
110652.713 .447) 9 ( 6, 3) - 8( 6, 2) E 122610.837 .758) 12 ( 5, 8) - 12( 4, 9) E 
110663.098 .446) 9 ( 6, 4 ) - 8( 6, 3) E 122696.278 .097) 12( 5, 8) - 12( 4, 9) A 
110663.193 .070) 9 ( 6, 4) - 8 ( 6, 3 ) A 122713.845 .751 ) 10 ( 9, 1) - 9( 9, 0) E 
110663.387 .070) 9 ( 6, 3) - 8 ( 6, 2) A 122720.991 .130) 10 ( 9, 2) - 9 ( 9, 1) A 
110-788.722 .576) Hl( 1,10) - 9 ( 1, 9) E 122720.991 .130) 10 ( 9, 1) - 9 ( 9, 0) A 
110790.456 .099) 10( 1,10) - 9 ( 1, 9) A 122727.452 .751 ) 10 ( 9, 2) - 9 ( 9, 1) E 
111il873.805 .425) 9 ( 5, 4) - 8 ( 5, 3) E 122733.191 .063) 5 ( 2, 3 ) - 4 ( 0, 4 ) E 
110879.787 .406) 9 ( 3, 7) - 8 ( 3, 6) E 122761.593 .IB2) 5 ( 2, 3 ) - 4 ( 0, 4 ) A 
110880.395 .066) 9 ( 5, 5 ) - 8 ( 5, 4 ) A 122784.850 .p92) 10 ( 8, 2) - 9( 8, 1) E 
110882.928 .424} 9 ( 5, 5) - 8 ( 5, 4 ) E 122793.793 .115 ) 10 ( 8, 2) - 9 ( 8, 1) A 
110887.043 .066) 9 ( 3, 7 ) - 8 ( 3, 6) A 122793.793 .115 ) 10 ( 8, 3 ) - 9 ( 8, 2) A 
110890.21:)4 .066) 9 ( 5, 4 ) - 8 ( 5, 3) A 122798.026 .692) 10 ( 8, 3) - 9 ( 8, 2) E 
111:1920.211 .623) 9 ( 4, 6 ) - 8 ( 4, 4) E 122863.486 .849) 11\ 5, 7) - 11 ( 4, 8) E 
111169.9611 .576) Hl( 0,10) - 9 ( 0, 9) E 122894.142 .649) lIl( 7, 3) - 9 ( 7, 2) E 
111171.563 .(99) HI( 11),10) - 9 ( 0, 9) A 122904.644 .104) 10 ( 7, 4 ) - 9 ( 7, 3) A 
111195.913 .065) 9 ( 4, 6 ) - 8 ( 4, 5) A 122904.655 .104) 10 ( .7 , 3) - 9 ( 7, 2) A 
111223.469 .4311) 9 ( 4, 6) - 8( 4, 5) E 122906.596 .648) 10 ( 7, 4) - 9 ( 7, 3) E 
11141:)8.685 .428) 9 ( 4, 5) - 8 ( 4, 4) E 122980.289 .743) 12 ( 5, 7) - 12{ 4, 9) E 
11l453.25~ .065) 9 ( 4, 5) - 8 ( 4, 4) A 122986.174 .092) 11( 5, 7) - 11 ( 4, 8) A 
111674.136 .404 ) 9 ( 1, 8) - 8 ( 1, 7 ) E 123051.465 .581 ) 10( 3, 8) - 9 ( 3, 7 ) E 
111682.141 .067) 9 ( 1, 8) - 8 ( 1, 7 ) A 123060.239 .096) 10 ( 3, 8) - 9 ( 3, 7 ) A 
111711.943 .628) 9 ( 4, 5) - 8( 4, 5) E 123070. 154 .618) 10 ( 6, 4) - 9 ( 6, 3 ) E 
111734.0511 .577) 10 ( 1,10) - 9 ( 0, 9) E 123071.557 1.061 ) 9 ( 5, 5) - 9 ( 4, 5 ) E 
111735.237 .099) 10 ( 1,1(3) - 9 ( 13 , 9) A 123081.661 .098) 10 ( 6, 5) - 9 ( 6, 4 ) A 
113743.168 .41:15) 9 ( 3, 6 ) - 8 ( 3, 5) E 123081.666 .617 ) 10 ( 6, 5) - 9 ( 6, 4 ) E 
113756.562 .065) 9 ( 3, 6 ) - 8 ( 3, 5 ) A 123082.382 .098) 10 ( 6, 4) - 9 ( 6, 3 ) A 
115219.784 .057) 5 ( 2, 3 ) - 4 ( 1, 4 ) E 123162.915 .857) 11( 5, 6) - 11 ( 4, 8) E 
115247.219 .030) 5 ( 2, 3 ) - 4 ( 1, 4 ) A 123199.991 .878) 10 ( 5, 6) - 10 ( 4, 7) E 
116544.741 .404) 9 ( 2, 7) - B ( 2, 6) E 123257.402 .638) 10 ( 4, 7 ) - 9 ( 4, 5 ) E 
116557.788 .067) 9 ( 2, 7 ) - 8 ( 2, 6) A 123297.919 .089) 9 ( 5, 4 ) - 9 ( 4, 5) A 
117628.0713 1.055} 12 ( 2,10) - 11 ( 3, 9) E 123346.819 .090) 10 ( 5, 6 ) - 1-0 ( 4, 7) A 
117644.358 .181) 12( 2,10) - 11 ( 3, 9) A 123366.148 .792) U< 1,10) - 10 ( 2, 9) E 
117777.713 .275) 8 ( 2, 7) - 7 ( 1, 6) E 123373.546 .849) 9 ( 5, 4 ) - 9 ( 4, 5) E 
117785.267 .(50) 8 ( 2, 7) - 7 ( 1, 6) A 123376.099 .136) 11 ( 1,10) - lIl( 2, 9) A 
117785.582 .287) 4 ( 3, 2) - 3 ( 2, 1) E 123376.177 .095) 10 ( 5, 6) - 9 ( 5, 5) A 
117902.944 • (34) 4 ( 3, 2) - 3 ( 2, 1) A 123377.861 .598) 10 ( 5, 5 ) - 9 ( 5, 4) E 
1180114.742 .246} 4 ( 3, 1) - 3 ( -2, 1) E 123385.835 .597) 10 ( 5, 6) - 9 ( 5, 5) E 
118491.975 .242.) 4 ( 3, 2) - 3 ( 2, 2 ) E 123403.280 .095) 10 ( 5, 5 ) - 9 ( 5, 4 ) A 
118648.044 .034) 4 ( 3, 1) - 3 ( 2, 2) A 123494.006 .935) 10 ( 5, 5 ) - 10 ( 4, 7) E 
118711.135 .291 ) 4 ( 3, 1) 3 ( 2, 2) E 123560.031 .874) 9 ( 5, 5 ) 9 ( 4, 6) E 
118804.572 .777) 12 ( 5, 8) - 12( 4, 8) E 123597.314 1. 165) 8 ( 5, 4 ) - 8( 4, 4) E 
118848.021 .579) li1( 2, 9) - 9 ( 2, 8) E 123707.014 .089) 9 ( 5, 5) - 9 ( 4, 6) A 
118854.560 .096) 10( 2, 9) - 9 ( 2, 8) A 123736.373 .095) Hi( 4, 7) - 9 ( 4, 6) A 
119146.547 • (99) 12 ( 5, 7) - 12( 4, 8 ) A 123745.875 .594 ) 10 ( 4, 7 ) - 9 ( 4, 6) E 
119174.1125 .725) 12 ( 5, 7) - 12( 4, 8) E 123860.967 .091) 8 ( 5, 3) - 8 ( 4, 4) A 
1 L\1861:J. 393 .895) 11 ( 5, 7 ) - 11 ( 4, 7 ) E 123862.020 1.023} 9 ( 5, 4) - 9( 4, 6) E 
12111:11:).3113 .093} 11( 5, 6) - 11 ( 4, 7 ) A 123900.572 .872) 8 ( 5, 4) - 8 ( 4, 5) E 
121129.7116 .792) 11( 0,11 ) - 10 ( 1,1(3) E 123908.426 .856) 8 ( 5, 3) - 8 ( 4, 4) E 
121131.584 .138) 11( 0,11 } - Hl( 1,10) A 124022.533 .090) 8 ( 5, 4) - 8 ( 4, 5) A 
121159.822 .813) 11( 5, 6 ) - 11 ( 4, 7 ) E 124180.483 .897) 7 ( 5, 3) - 7 ( 4, 4 ) E 
121460.31:)11 .792) 11( 1,11) - 10 ( 1,10) E 124211.684 1.126) a( 5, 3) - 8( 4, 5) E 
121461.883 .138) 11( 1,11) - 10( 1,10) A 124217.458 .(93) 7 ( 5, 2) - 7 ( 4, 3) A 
121693.799 .792) 11( 0,11 ) - 10 ( 0,10) E 124232.237 .886) 7 ( 5, 2) - 7 ( 4, 3) E 
121695.259 .138) 11( 1:1,11} - 10 ( 0,10) A 124247.047 .592) 10 ( 4, 6 ) - 9 ( 4, 5) E 
1221:124.390 .792) 11( 1,11) - 10 ( 0,10) E 124272.392 .093 ) 7 ( 5, 3) - 7 ( 4, 4 ) A-
122025.558 .138) ll( 1,11) - 10 ( 0,10) A 124276.057 .095) 10 ( 4, 6) - 9 ( 4, 5) A 
122210.345 .973) 10 ( 5, 6) - 10 ( 4, 6) E 124376.770 .928) 6 ( 5, 2) - 6 ( 4, 3) E 
122425.142 .090) 10 ( 5, 5 ) - 113 ( 4, 6 ) A 124434.767 .918) 6 ( 5, 1) - 6 ( 4, 2) E 
122451:).820 .580} HI( 1, 9) - 9 ( 1, 8) E 124437.8213 .096) 6 ( 5, 1) - 6 ( 4, 2) A 
122458.185 .097) 10( 1, 9) - 9 ( 1, 8) A 124453.1:124 .096) 6 ( 5, 2) - 6 ( 4, 3 ) A 
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Table 6. Microwave transitions of H12c160212CH3 in order of frequency - Continued. 

--------------------------------------------------------------------------------------------------------------
FRt,;QUEl'JCY UNCE.RTAI.N'l·Y J K+ K- J' K+ K- S FREQUENCY UNCERTAINTY J K+ K- J' K+ K- S 

--------------------------------------------------------------------------------------------------------------1245kllo.274 .957) 5 ( 5, 1) - 5 ( 4, 2) E 135921.821 .133) 11 ( 5, 7) - 10 ( 5, 6) A 
124559.468 • 947) 5 ( 5. 0) - 5 ( 4. 1\ E 135943.497 .814 ) 11( 5 • 71 - 110 ( 5. 61 E 
124568.878 .099) 5 ( 5, 0) - 5 ( 4, 1) A 135948.912 .814) 11( 5, 6) - Hl( 5, 5) E 
124571.952 .099) 5 ( 5, 1) - 5 ( 4, 2) A 135988.364 .133) ll( 5, 6) - 110 ( 5, 5) A 
124735.521 .643) le( 4, 6) 9 ( 4, 6) E 136242.926 1.286) 11 ( 5, 6) - 10 ( 5, 6) E 
124832.708 .412) 9 ( 2, 8) - 8 ( 1, 7) E 136280.003 .805) 11 ( 4, 8) HI( 4, 7) E 
124838.270 .10710) 9 ( 2, 8) - 8 ( 1, 7) A 136282.465 .133) 11( 4, 8) - 10( 4, 7) A 
127437.708 .5811) 10 ( 3, 7 ) - 9 ( 3, 6) E 136590.231 1.1'l55) 12 ( 1,11) - 11 ( 2,110) E 
127452.398 .096) l0( 3, 7) - 9 ( 3, 6) A 136599.755 .183) 12 ( 1,11) - 11 ( 2,110) A 
129225.868 .207) 5 ( 3, 3) - 4 ( 2, 2) E 137293.4510 .8IB) 11( 4, 7 ) - 110 ( 4, 6) E 
129296.41'l6 .581'l) l0( 2, 8) - 9 ( 2, 7) E 137313.203 .133) ll( 4, 7 ) - 10 ( 4, 6) A 
129297.910 .036) 5 ( 3, 3 ) - 4 ( 2, 2) A 138283.1'l95 .813) ll( 4, 7 ) - 10 ( 4, 7) E 
129310.076 .098) 110 ( 2, 8) - 9 ( 2, 7 ) A 139565.882 .8101 ) ll( 2,110) - 10( 1, 9) E 
129522.168 .196) 5 ( 3, 2) - 4 ( 2, 2) E 139569.163 .135) ll( 2,10) - 10( 1, 9) A 
13101009.415 .2105) 12 ( 4, 9) - 12( 2,10) E 139834.795 .1510) 6 ( 3, 4) - 5 ( 2, 3 ) E 
1310010.109 .795) 11 ( 2,10) 10 ( 2, 9) E 139877.659 .040) 6 ( 3, 4 ) - 5 ( 2, 3) A 
1310016.658 .135) 11 ( 2,10) 10 ( 2, 9) A 140137.869 .302) 110 ( 4, 7) 110 ( 2, 8) E 
130036.619 .1088) 12 ( 4, 9) - 12( 2,110) A 1410181.987 .1072) 110 ( 4, 7) - 11O( 2, 8) A 
131258.926 .194) 5 ( 3, 3 ) - 4 ( 2, 3) E 1410869.3109 .103) 6 ( 2, 4) - 5 ( 10 , 5) E 
131538.5,31 .lIJJO) !:>( 3, :G) - 4 ( 2, 3) A 140904.292 .036) 6 ( 2, 4) - 5 ( 0, 5) A 
131555.226 .2110) 5 ( 3, 2) - 4 ( 2, 3) E 141037.707 1.1057) 12 ( 2,11 ) - 11 ( 2,10) E 
131914.649 1.054) 12 ( 0,12) - 11 ( 1,11) E 141044.161 .182) 12 ( 2,11) - 11 ( 2,10) A 
131916.260 .187) 12 ( 0,12) 1l( 1,11) A 141244.035 .797) 11 ( 3, 8 ) - 110 ( 3, 7) E 
I 32IH:.I6. 594 .586) 10 ( 2, 9) - 9 ( 1, 8) E 141260.282 .135) 11( 3, 8) - 110 ( 3, 7) A 
1321110.690 .098) 10 ( 2. 9) - 9 ( 1. 81 A 141653.026 .79B) ll( 2. 9) - 110 ( 2. 81 E 
13211:15.622 1.054) 12 ( 1,12) - 11 ( 1,11) E 141666.868 .137 ) 11( 2, 9) - 10 ( 2, 8) A 
1321l1J7.Vl34 .187) 12 ( 1,12) - 11 ( 1,11) A 143234.191 1.058) 12 ( 1,11) - 11 ( 1,10) E 
132245.244 1.054) 12 ( 0,12) - 11 ( Ill, 11) E 1432410.314 .182) 12 ( 1,11) - 11 ( 1,10) A 
132246.55Y .187) 12 ( 0,12) - 11( Ill, 11) A 1451038.477 .153) 6 ( 3, 3) - 5 ( 2, 4) E 
132436.217 1.054) 12 ( 1.12) - 11 ( 0,11) E 145051.801 .039) 6 ( 3, 3) - 5 ( 2, 4) A 
132437.333 .187 ) 12 ( 1(12) - 11( 0,11 ) A 145688.399 .382) 9 ( 4, 6) 9 ( 2, 7) E 
132921.922 .796) 11 ( 1,10) - 10 ( 1, 9) E 145755.690 .1068) 9 ( 4, 6) - 9 ( 2, 7) A 
132928.6~4 .135) 11 ( 1,10) - 10 ( 1, 9) A 145951.888 .427) 4 ( 4, 1) - 3 ( 3, 1) E 
134764.846 .247) 11 ( 4, 8) - II ( 2, 9) E 146014.191 .423) 4 ( 4, 0) - 3 ( 3, 10) E 
134797.584 .080) 11 ( 4, 8) 1l( 2, 9) A 146015.080 .053) 4 ( 4, 1) 3 ( 3, 0) :Po 
134981.979 1.fiJ3ei) 11 (10, 1) - 10 (10, 0) E 146023.043 .053) 4 ( 4, 0) - 3 ( 3, 1) A 
134907.1509 .100) 11( 10, 1) - 10 (10, 0) Ii 146977.660 1 .6(2) 12 ( 3,10) - 11 ( 3, 9) E; 

134987.689 .180) 11 (10, 2 ) - 10(10, 1) A 146987.852 .182) 12 ( 3,10) - 11 ( 3, 9) A 
1349.96.942 1.031 ) 1l( 10, 2) - 110(10, 1) E 147251.714 1 .368) 12 (11, 1) - 11 (11, 10) E 
135046.827 .958) 11 ( 9, 2 ) - 10 ( 9, 1) ·E 147255.392 .241 ) 12 (11 , 2) - 11 (11, 1) A 
135054.757 .161 ) 11 ( 9, 2) - Hl( 9, 1) A 147255.392 .241 ) 12 (11, 1) - 1l( 11, 0) A 
135054.757 .161 ) 11 ( 9, 3 ) - 10 ( 9, 2) A 147267.6104 1.371 ) 12 (11, 2) - 11 (11, 1) E 
135661.680 .958) 11 ( ';I, J) - IlIJ( ';I, :G) I!; 14/J 1 I. I ti~ 1.:Gtil) 1:G(lkl, 2) - II (111, I) E 
135091.830 .799) 11i 3, 9) - 10( 3, 8) E 147317.502 .218) 12 (HI, 3) - 11 (10, 2) A 
135101.491 .135) 11 ( 3, 9) - 10( 3, 8) A 147317.5102 .218) 12 (l 0, 2) - 11(110, 1) A 
135143.195 .902) 11( 8, 3) - Hl( 8, 2) E 147327.362 1.282) 12 (10, 3) - 11 (l1O, 2) E 
135153.104 .148) 11( 8, 4) - HI ( 8, 3) A 147397.423 1. 211) 12 ( 9, 3 ) - 11 ( 9, 2) E 
135153.105 .148) 11 ( 8, 3) Hl( 8, 2 ) A 1474106.155 .21021 12( 9, 3 ) - 11 ( 9, 2) A 
135157.583 • 91iJl) 11( 8, 4) 10 ( 8, 3 ) E 1474136.155 .2102) 12 ( 9, 4 ) - 11 ( 9, 3 ) A 
135290.357 .812) 11( 4, 8) - 10( 4, 6) E 147413.484 1.211 ) 12 ( 9, 4 ) 11( 9, 3) E 
135290.469 .861) 11( 7, 4 ) - 11O( 7, 3 ) E 147524.455 1.158) 12 ( 8, 4 ) - 11 ( S, 3) E 
135302.1094 .139) 11 ( 7, 5) - 10( 7, 4) A 147535.346 .190) 12 ( 8, 5) - 11 ( 8, 4) A 
1353tJ2..140 .139) 11( 7, 4 ) 10 ( 7, 3 ) A 147535.349 .1910) 12 ( 8, 4) 11( 8, 3) A 
13S3114.~fl'i _ Rfivl) 11( 7, 5) - 10 ( 7, .4 ) F. 14754'L019 1 _ 1 59) 12 ( B, 5) - 11 ( R, .4 ) p 

135391.704 .098) 6( 2, 4 ) 5 ( 1, 5) E 1'47681.668 1.062) 12 ( 2,11) - 11 ( 1,110) E 
13542.6.634 .035) 6( 2, 4 ) 5 ( 1, 5 ) A 147684.720 .182) 12 ( 2,11) - 11 ( 1,113) A 
135527.033 .833) 11( 6, 5) - 10 ( 6, 4 ) E 147717.688 1.120) 12 ( 7, 5 ) - 11 ( 7, 4 ) E 
135539.073 .134) 11( 6, 6) - 10 ( 6, 5) A 1477313.415 .183) 12 ( 7, 6) - 11 ( 7, 5) A 
135539.641 .831 ) 11( 6, 6 ) 10( 6, 5) E 147730.580 .183) 12 ( 7, 5) - 11 ( 7, 4) A 
135511.35B .134 ) 11 ( 15, 5 ) 10 ( G, 4 ) 'A 1-4773Z.433 1.11 $I) 12 ( 7, G) - 11 ( 7, 5) lJ 
135649.483 1.264) ll( 5, 7) - llO( 5, 5) E 1481327.971 1.093) 12 ( 6, 6) - 11 ( 6, 5) E 

J. Phy" Ch~m_ R .. f Dntn, v ... 1 R, Nn. ~. 1970 



~ C' .180) , 
' (T. 092) '" 6 
' L ', .1811) 6~ ; 

7 C 1 .361) . 5"~ 6 ) 
9 ," (' .18"> 5{ '7) , r 1 "83) " 1 2 ' 5 ~ :, 7) E , 

' ( ; 1:1I79) :~>1 ; 5, ' 5 > 6F E 
(' .179) " '., 12( 5'; ' 6) ' A 

F}:~m ~' 1r~ .' ' l~ i ~r! 
( ' 1.388) " 12( , - 1 ( '. 5 ; :' } ) E 
L" .1 ,86) " 7(6! X! , 4) E 
r :, .049) ", 7 (, 3', - , ,6 <. 2 '; ; 4) ' A 
( , 1.820), 12'(;'6, ' -12( 5, ' 7)E 
<; ' .171) ; 12( 6~ - 12( .5 , 7) A ' 
t; 1 .451 ) :, 1 2 ( 6, - 12 ( 5, '.,7) E 
( 1.485) ',' 12(6, -12( 5. ' 8) E 

, <-' 1 .06,5) ' 12 (4'. ' 8) , - .- T J '(" 4, ::7) E 
( ' .180) ' '12( : 4; : 8) ' - Tn '4 ; ', n ' A 

, r . 1'70) :' 12("6~ 7) ;' - 1'2( '5. '8) A 
' C.' 1.'731) ', 12( 6, ' 6) - 12CS/ ' 8)E 

(1.526) , 11 ( 6, 6) '- 11 (5; , 7) E 
(' " .169 )" 11 (c 6'i ' 5) ,1)C5:.:' 6L A , 

• ( 1.50 5>:" .lIe 6 ,/. 5) ' l JJ 5'/ ' 6lE: ' 
( , ' .169) ', 11(, 6' i ' 6) - l T !' 5:,: .. 7Y A , 

' '(: 1. 584) 1 0 ( 6 ; ' 5) ' .:. U(5;, : 6) E 
( • 1(9)'. 1 0(6 (4 ) , - 1 0 «5. 5) A 
( 1. 566) '; 1 0 (6 ;.' 4) - 1 10(,5', 5) E 
( . • 169) ' 10(6;; 5)-10:( ,5'~ ,; 6k A 
( 1 641) '''- 9( '6 "4)' ' ' 9' ( ' 5 '" 5 Y E 

, (:~:1 :6'24) '" ' 9(~ 6 ~ ' 3) :/= " 9'{" S-; 4) ' E ' 
(: ' .170) ." 9( 6:," 3.) ; - 9'(5, ' 4YA 

',15) 79kJ.50J ( , .I ,7il) , 9( 6, 4)- 9( . '5;/ 5) A 
' 1!i:19,34.7! 0 :, (.1.693 L ; 8(6, ' 3) - 8r :5.~ .~) E 

15,1 984.871 ( , J . 677) ~ 8 (" 6:. ' 2 ); - ,8J .5,;>~X<E 
,,1521"13 . 783 , ( ' . r73) ' 8e ,6, ' 2) " - :8 '(.5. 3)A 

, 15 .2~"'7'7 ~ 3 " . C' .1'73') ', 8(6, 3) : ,,"8( 5'. ' 4) A ,~ 
15208).485 ' (.1.7410 ), 7( 6, 2) - 7 ('5, 3) E 

. 15~138 .532 C.l. 724) , 7 ( 6; 1) - 7 (5.,'2) E 
,1'5,2159. ,8,1 6 (; .176)', 7(6,1), - 7 (5;,, 2) A 

, 152160 .7,30 , (' .176) :, Tf 6 ; ' 2) 7,( '5 ,' 3) A -
\ 1,5'2 18:8.5'07 ' ( .1.781' )':, 6 '(6" 1 ) ';C. , 6' (" 5 '/, '2;r E 

, l}~~:tj~r' rl:i~~l ' n '~; · ~r = ' n}:;' :n ! 
1'5'2262.948 C' .180 )" 6( 6, 1), - 6(5 / 2) A 

'--- T5:35 ~3 •. 4!l6 " ,f' '1.0,61) ' 12L 2 ,-10) ' '- 11;( ) ,', " 9)' E 
1'5'3 56,6 . ;7:21 ' , ( , .184) " 12,[ 2.10 )' - ' 'II (~ 2 ;- 9)- A 

' 15498'4.'528 ("'1.06l),z' 12 (" 3 > 9) , - n '( ' 3 /' 8j E 
1550 02.095 (, ,' .183 )" 12(' 3, 9) ; - 11'(; ,'3'., ' '8) , A ', 
157 862;827 (" .278) 8( 3., 6) - 7( .. 2.,', 5) E 
1'57886.962 ' <' .063) 8( 3.,'6), .,. 7(, '2 '1-" 5) , A 
15,7981.779 ' (.,1-71' )' 7( e2 . , '5): .,. , 6< 1-'1'/ "6) E 
1-'5'8025.'493 (" .044)f TCQ:" 5)' -" : 6(, + / ' 6'),-' A 
}:5'8205;478 -- p .40'8), 15' ( :4;, 2 )' - ' 4 V '3 ;,'2): E 
1;5'8241.060 ( ; .055), 5(4,,,, 2) - 4(3} '1) A 
158259.949 (.404) 5( 4" 1 r - 4 (3 ; 1) E 
158:297.24 1 ' ( .055) 5( 4. 1) - 4 ( .3. 2) A 
159501.028 ( .185)7( 3 .• 4) - 6( 2; 5) E 
159527,.505 (.047) It 3-, 4) - 6 ( 2. 5) A 
161745.338 ( : 174) 7( 2.5) - ' 6( 0. 6) E 
161788.580 (.045) 7( 2,5) - 6( 0. 6) A 

,,1 ' ::;m,:' 9 (' :r~ : ~l -
,··" 1, ( ' .631) '; 6 'C 4 j ' 3) 

', 170368.( .0S!!») - 6 <;' 4', 3) , -
170430. (.413) :: 6 ('<j: , 2) -
170458 1 3 ( .4J 8) ". 6 C ~4; ' 3) -

': I '1'0593 ;996 ( ' , " ' 
, " . 059 l> M*f: , ~l j -

': n~}~t~~~ : ~ : ~~! f: 10'(',3 '; , 8) -

1
177.51734976 •• 85",13161' (e .IH) , 10( 3 ; , 8) -

.275) 8( 3, ' 5) -
,, 17s380 ~ 9,05 < . 061, ) 8 ( 3 '.5) .,' 

1 7 ,757,8.J~2 ( . • s 'jH f l l( 3 ' 9)­
, 177589.230 ( , 147) ' 11 { 3'> ,9) 
'178931.9'44 (2.632)'<,' 12 ( 7, .6) 
178970.6.92 (2.610) 12(7; 5) - ' 
178993.096 ( . • 287) ' 12(7'. 5) -

' 1:7~-"9~0228:l.:9~ '7~" 5~ ' : (l 2:n~r In:? ,~l 
" 7.691,) ';:, Il( 7, 4) 

17.9308.163 ( .28S') 11 ( 7', 4) 
... 179311.352 ( .288) ; 11(7; ' 5) 
" 179476.6<14", ( 2.789 ) 1.0(7', ' 4) 
, 179517 ; 5:3!l (' 2.767) '> l W( 7. 3) ' 

,~" 1177995544'87 •• '3338)1 ' > (I ;' . 2'90') ~;: 10'( ' 7;, 3) 
> .290)' 10'(}'; 4) -

179651.684 (2.858;)1 9(7. 3) -
179693.~51 (2.836') " 91'7, 2) -
179725.108 ( .293) ' 9 'P 7, 2)-

'. :~~~~t}~ ~ , l z:;m" t1 :r~ ~r 
179820,5'4 1 (2.8 g'8» 8('7, 1) -
179853.383 ( .297;) 8 ( 7, : 1) -
179853.432 '( .297) 8 (' 7'.2) , -

~ g~~~~, : ~~~ " F ~:~~~:r n~: ; !l' = '. 7 ,(' 
'179942.5'24 " (' .3.01) 7(' 7, ' 0) ,,- "'7(' 
179942.531 (.301) ' 7 ( 7 , ' 1) - '7,( ' 
182122.797 (.555 ) 7( 4 , ' 4) - 6( 
182281.380 r .13,68 l" 7J , 4' .;' 4) -6'(" 

-' 182 390'.454 , ( .4'55 )' -- T( 4'; ' 3)' - ,,'6( 
' ".; 1827;76.772 ( . 462 i':' T!- ,4',; 4 ), - ,~' ( ' 

" 182902.796 ' ( '1.071) ' 12(' '3,10) ' - >1'1 (, 
182910.214 ( .192)'1' 12(' 3.Hl) - l1'( , 
18,2959.451 (.067) 7(, 4,, 3) - ,_;6( , 
182968 .,9-73 C ' .2~76')" 8( '2. 6) . - ",7(. 
183022.740' ,' ( ,' .0'60')/ ' 8' ( 2, , 6) - ,,, ,n :, 

:". 18'3044.,429 C .5'47.)\ ' 7(,, :4;, 3 ); - 6(. 
18 5430 .'228 ' (, .2.79.)' : 8 ( 2'. 6) - ,,7 (,' 

; 185483.328 ( .e60Y, 8 ( 2-:, 6) - ,7L0. 
18560'2.060 ( •. 194 )i ' 7 ( 3. 4)- 6,{ ;1 . 5) 
1856;32.,198 ·, ( :". .057,k 7 C 3 '. 4) - 6(, :1 . , 5). 
185905'.6:44', (!: • . 92 1>k " 5,(' s. I) - " A C 4,1,;h, E 

, 185960".'4:44 ' (, .9.1 I 'V 5(: ,5, ' e) - ,,,4 (, ,4,. 0 )-; E 
18.5977.7.14 , , ( •. 10'0,>,: 5.(5, . 1) .,- 4';{ .. 4. , 0) ' A 

, 185978.072 (.]00' )(; 5( 5,0') - 4( '4,1) A'. 
i, 193018.9.62 ( . ,407,). 9( 3. 6) - 8(2, 7) E 
193060.~42 <' .0'82) 9( 3. 6) - 8( 2; 7) A " 

1 ~~~~1:~~i ' l :~!1l: ~ !: ~l - ~ 1 ~: :l ! " 
193994.93,2 (.473) 8( 4, 4') - 7( 3, 4) E 

. , 

.J;PhYs, .Cl1elft •. Rtjf, ,b'ata,'VQI. · ..... ;I"V, . ... , ',17',' 

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek



616 A. BAUDER 

Table 6. Microwave transitions of H12c160212CH3 in order of frequency - Continued. 

--------------------------------------------------------------------------------------------------------------
FHEQUENCY UNCERTAIN'l'Y J K+ K- - J' K+ K- S FREQUENCY UNCERTAINTY J K+ K- - J' K+ K- S 

--------------------------------------------------------------------------------------------------------------
195220.314 .478) 8 ( 4, 5) - 7 ( 3, 5) E 223465.455 .813) 11 ( 4, 8 ) - 10( 3, 7 ) E 
195485.920 .081 ) 8 ( 4, 4 ) - 7 ( 3, 5) A 223500.317 .170) 11( 4, 8) - 10( 3, 7) A 
195523.572 ~506) 8 ( 4, 4 ) - 7 ( 3, 5 ) E 225852.886 1.706) 6 ( 6, 1) - 5 ( 5, 1) E 
197053.507 .282) B ( 3, 5) - 7 ( 1, 6 ) E 225898.614 1.689) 6 ( 6, 0) 5 ( 5, 1/) E 
197089.347 .068) 8 ( 3" 5 ) - 7 ( 1, 6) A 225928.529 .183) 6 ( 6, 1) 5 ( 5, 13 ) A 
198164.654 .886) 6 ( 5, 2) - 5 ( 4, 2) E 225928.544 .183) 6 ( 6, I/) ) 5 ( 5, l) A 
198217.673 .875) 6 ( 5, 1) - 5 ( 4, 1) E 226077.975 .587) 10 ( 3, 7 ) - 9 ( 1, 8) E 
198234.46.0 .103 ) 6 ( 5. 2 ) - 51 4. 1) A 226125.505 .115 ) Hl( 3. 7\ - 9 ( 1, 8) A 
198237.701 .103) 6 ( 5, 1) - 5 ( 4, 2) A 231019.195 1.067) 12( 4, 9 ) - 11 ( 3, 8) E 
198645.504 .927) 12 ( 5, 8 ) - 12( 3, 9 ) E 231045.790 .216 ) 12 ( 4, 9) - 11 ( 3, 8) A 
198739.973 .154 ) 12 ( 5, 8) - 12{ 3, 9) A 23448'1.242 1.152) 9 ( $, 5 ) - 8( 4, 4 ) E 
2kl4621!l.454 .509) 9 ( 4, 6 ) - 8 ( 3, 5) E 234737.393 .145) 9 ( 5, 5) - 8 ( 4, 4 ) A 
2(1)469i:1.438 .1114) 9 ( 4, 6) - 8 ( 3, 5) A 234782.231 .835) 9 ( 5, 4) - 8( 4, 4) E 
:ill)"> hR. 9?7 .499) 9 ( 4, 5) - I< ( 3. 5) £ 2347131,.1:,00 .>147) q ( ", '1) - Ii ( 4, Ii ) R 
2.ki11il'£l4.661 4.274) 12 ( 8, 5) - 12( 7, 6) E 234889.010 6.448) 12 ( 9, 4) - 12( 8, 5) B 
2k'J7(1)36.1i2(1) 4.246) 12( 8, 4) - 12 ( 7, 5) E; 234912.028 6.415 ) 12 ( 9, 3) - 12 ( 8, 4) E 
2011974.4(1)1 .4;3) 12 ( 8, 4) - 12 ( 7, 5) A 234916.706 .144 ) 9 ( 5, 4 ) - 8 ( 4, 5 ) A 
207074.622 .453) 12( 8, 5) - 12 ( 7, 6 ) A 234962.060 .676 ) 12 ( 9, 3) - 12 ( 8, 4) A 
20/197.081 4.369) 1l( 8, 4 ) 11( 7, 5 ) E 234962.063 .676) 12 ( 9, 4) 12 ( 8, 5) A 
20n29.253 4.341 ) 11( 8, 3) - 11 ( 7, 4 ) E 235015.545 6.556) 1l( .9, 3) - 11 ( 8, 4) E 
207269.6n .456) 11( 8, 3 ) - 11 ( 7, 4 ) A 235039.060 6.523) 1l( 9, 2) - 11 ( 8, 3 ) E 
207269.691 .456) 11( 8, 4) - 11 ( 7, 5) A 235085.489 1.117) 9 ( 5, 4 ) 8 ( 4, 5) E 
207343.583 4.45.7) 10( 8, 3 ) - 10 ( 7, 4 ) E 235'191.253 .681 ) 11( 9, 2) - 11 ( 8, 3 ) A 
21<17376.527 4.429) 10 ( B, 2) - 10 ( 7, 3 ) E 235091.254 .681 ) 11( 9, 3 ) - 11 ( 8, 4) A 
207418.668 .4611) 10( 8, 2) - 10( 7, 3 ) A 235111.449 6.656) 10 ( 9, 2) - 10 ( 8, 3) E 
207418.68l .4(0) Hl( 8, 3) - '" ( 7 , 4) A 235135.428 6.622) 10 ( 9 , 1) - 10 ( 8 , 2) E 
207452.152 4.537) 9 ( 8, 2 ) - 9 ( 7, 3) E 235182.022 6.748) 9 ( 9, 1) - 9 ( 8, 2) E 
2(1)7485.818 4.5(08) 9 ( 8, 1) - 9 ( 7, 2) E 235189.601 .687) 10 ( 9, 1) - 10( 8, 2) A 
2117529.529 .465) 9 ( 8, 1) - 9 ( 7, 2) A 235189.601 .687) 10 ( 9, 2) - 1 v ( 8, 3) A 
207529.531 .465) 9 ( 8, 2 ) - 9 ( 7, 3) A 235206.433 6.713) 9 ( 9, 0) - 9( 8, 1) E 
207529.927 4.609) 8 ( 8, 1) - 8 ( 7, 2) E 235262.404 .693) 9 ( 9, 0) - 9 ( 8, 1) A 
2\l7564.26(1) 4.58\l) 8 ( 8, 0) - 8 ( 7, 1) E 235262.404 .693) 9 ( 9, 1) - 9( 8, 2) A 
207609.367 .470) 8 ( 8, 0) - 8 ( 7, 1) A 235315.416 .798) 11 ( 3, 8) - 10 ( 2, 9) E 
207609.367 .47i1) 8 ( 8, 1) - 8 ( 7, 2) A 235375.098 .151 ) ll( 3, 8) - 10 t 2, 9) A 
207836.914 .5131 ) 9 ( 4, 6 ) - 8 ( 3, 6) E 235934.632 .810) 11 ( 4, 7) - 10 ( 3, 8) E 
208325.388 .508) 9 ( 4, 5 ) - 8 ( 3, 6) E 235970.1307 .167) 1l( 4, 7) - 10 ( 3, 8) A 
208328.1030 .1132) 9 ( 4, 5 ) - 8 ( 3, 6) A 238115.725 1.654) 7 ( 6, 2) - 6 ( 5, 2) E 
:llkll!:l!l.~31 .419) 9 ( 2, 7 ) - 8 ( 

" 
8) E 238159.531 1. (:)37) I{ 0, I) b ( !:I, I) J;; 

2111263.895 .(85) 9 ( 2, 7 ) - 8 ( 1, 8) A 238189.997 .190 ) 7 ( 6, 2) - 6 ( 5, 1) A 
210314.403 .413) 9 ( 3, 5) - 8 ( 1, 7 ) E 238190.158 .190) 7 ( 6, 1) 6 ( 5, 2) ./\ 
210355.248 .!:l87 ) 9 ( 3, 6) - 8 ( 1, 7 ) A 239416.793 .605) l0( 2, 8) - 9 ( 1, 9) E 
211141')5. ki 11 .852) 7 ( 5, 3 ) - 6 ( 4, 3 ) E 239493.468 .122) 113 ( 2, 8) - 9 ( 1, 9) A 
2HI45!:>.76b .842.) 7 ( 5, 2) - 6 ( 4, 2) E 244871.189 .804) 11( 3, 8 ) - 10( 1, 9) E 
210467.088 .111) 7 ( 5, 3 ) - 6 ( 4, 2 ) A 244927.602 .153} ll( 3, 8) - 10 ( 1, 9) A 
:t.11'J4\lj.367 .111 ) 7 ( 5, 2) - 6 ( 4, 3) A 246457.393 1.11l} 10( 5, 6) - 9 ( 4, 5 ) E 
211747.293 .422} 9 ( 2, 7 ) - 8 ( 0, 8 ) E 246660.318 .172) 10 ( 5, 6 ) - 9 ( 4, 5 ) A 
211811. Sla3 .085) 9 ( 2, 7 ) - 8 ( 0, 8) A 246751.408 .919) 10 ( 5, 5 ) - 9 ( 4, 5 ) E 
21~919.402 .581:1) lld( 3, 7) - 9 ( 2, 8) E 246945.867 .934) Hl( 5, 6 ) - 9 ( 4, 6 ) E 
212969.376 .112) 10 ( 3. 7) - 9 ( 2. 8) A 247124.072 .172} HI( 5, 5) - 9 ( 4, 6) A 
214623.16~ .6211) Jk'J( 4, 7) - 9 ( 3, 6) E 247239.881 1.085) 10 ( 5, 5 ) - 9 ( 4, 6 ) E 
214670.249 .133) 10 ( 4, 7 ) - 9 ( 3, 6 ) A 250367.135 1.603) 8 ( 6, 3 ) - 7 ( 5, 3) E 
221692.648 .618) 10 ( 4,. 6) - 9( 3, 7 ) E 250408.938 1.586) 8 ( 6, 2 ) - 7 ( 5, 2) E 
221717.043 .131 ) 10( 4, 6) - 9 ( 3, 7 ) A 250439.510 .201) 8 ( 6, 3) 7 ( 5, 2) A 
222612.848 .831) 8 ( 5, 4 ) - 7 ( 4, 4) E 250440.480 .201 ) 8 ( 6, 2) - 7 ( 5, 3) A 
222649.265 .125) 8 ( 5, 4) - 7 ( 4, 3) A 25.1443.750 1.061 ) 12 ( 4, 8) - 11 ( 3, 9) E 
222656.304 .82.1 } S ( 5, 3 ) - 7 ( 4, 3 ) E 251486.617 .213) 12 ( 4, 8) - 11 ( 3, 9) A 
22271'J9.090 .124} 8 ( 5, 3) - 7 ( 4, 4) A 
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MICROWAVE SPECTRUM OF METHYL FORMATE 

Table 7. Additionally measured transition frequencies (MHz) of 

methyl tormate. 

J' K' K' - J" K" K" 
- + - + 

13( 3,10) - 13( 2,11) A 

13( 3,10) - 13( 2,11) E 

13( 3.10) - 13( 3.11) A 

J3( 3,10) - 13( 3,11) f 

14( 3,11) - 14( 3,12) A 

14( 3,11) - 14( 3,12) E 

14( 4,10) - 14( 4,11) A 

14( 4,10) - 14( 4,11) E 

15( 4,11) - 15{ 4,12) A 

15( 4,11) 15( 4,12) [ 

16( 4,12) - 16( 4,13) A 

16( 4,12) - 16( 4,13) E 

17( 4,13) - 17( 4,14) A 

17( 4,13) - 17( 4,14) E 

18( 4,14) - 18( 4,15) A 

18( 4,14) - lB( 4,15) E 

18( 5,13) - 18( 5,14) A 

is( 5,13) - 18( 5,14) E 

19( 5,14) - 19( 5,15) A 

19( 5.14) - 19{ 5,15) E 

20( 5,15) - 20( 5,16) A 

20( 5,15) - 20( 5,16) E 

21( 5,16) - 21( 5,17) A 

21( 5,16) - 21( 5,17) E 

22( 5,17) - 22( 5,18) A 

22( 5,17) - 22( 5,18) E 

22( 6,16) - ??( 6,17) A 

22( 6,16) - 22( 6,17) 

23( 6,17) - 23( 6,18) A 

23 ( 6,17) - 23 ( 6,18) E 

26( 6,20) - 26( 6,21) A 

26( 7,19) - 26( 7,20) A 

26( 7,19) - 26( 7,20) E 

27( 7,20) - 27( 7,21) A 

27(7,20)-27(7,21) E 

30( 7,23) - 30( 7,24) A 

30( 8,22) - 30( 8,23) A 

30( 8,22) - 30( 8,23) E 

31( 8,23) - 31( 8,24) A 

31( 8,23) - 31( 8,24) E 

35( 8,27) - 35{ 8,28) A 

35( 9,26) - 35( 9,27) A 

35( 9,26) - 35( 9,27) E 

36( 9,27) - 36( 9,28) A 

36( 9,27) - 36( 9,28) E 

39{10,29) - 39(10,30) A 

39(10,29) - 39(10,30) E 

40(10,30) - 40(10,31) A 

40(10,30) - 40(10,31) E 

Frequency 

57537.987 

57514.Wm 

34458.792 

34426.526 

45887.909 

45847.350 

11216.260 

11203.192 

17493.929 

171}73. )26 

25759.832 

25730.386 

36017.448 

35978.769 

48120.276 

48072.223 

11189.171 

11174.063 

17325.514 

17301.946 

25530.745 

25497.551 

35898.153 

35854.561 

48345.707 

48291.688 

10664.4fiR 

10648.062 

16468.866 

16443.766 

46978.529 

9836.160 

9819.330 

T 5160 .057 

15154.794 

44394.225 

8844.515 

8828.415 

13652.665 

13628.716 

55049.417 

12029.804 

120ClS.79Cl 

18040.836 

18010.377 

10413.575 

10397.132 

15677 .131 

15651.956 

Uncerta i nty 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020} 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 

(0.020) 
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