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The vibration-rotational bands q and ~5 of gaseous fluoromethane Hx12CF have been measured 
in the region 1250-1600 cm-’ with resolution 0.0034 cm-‘; the 2046 lines that have been assigned 
include 85 lines of the Ak = +2 perturbation-allowed transitions to the doubly degenerate vibra- 
tional state u5 = 1. A variational approach has been applied to the analysis of both bands which 
are strongly perturbed by x- y Coriolis interaction and by “2, - 1” I-type coupling. Simultaneously 
with 96 previously reported frequencies of pure rotational transitions in the ground vibrational 
state and 202 frequencies in the excited vibrational states uz = 1 and u5 = 1 [ Fracna, PapouSek, 
Belov, Tretyakov, and Sarka, J. Mol. Spectrosc. 146, 120- 126 ( 199 1 )] , the wavenumbers of 2046 
vibration-rotational transitions of the bands vz and vs have been fitted to determine 7 parameters 
ofthe Y* band and 2 1 parameters of the Q band. The ground state parameters A,, = 5.1820 107 ( 12) 
cm-’ and De/ 10m6 = 70.39( 15) cn-’ are in excellent agreement with those determined previously 
[Graner, Mol. Phys. 31, 1833-1843 ( 1976)]. A standard deviation of 8.0 X 10m4 cm-’ has been 
obtained in the simultaneous fit of the infrared data and 0.38 MHz of the rotational frequencies 
of the upper state, but in the Y> band inexplicable systematic differences up to 0.02 cm-’ between 
the experimental and calculated wavenumbers remain for certain values of the rotational quantum 
number K at J > 25. From the analysis of the absolute intensities of lines of the Y* and Q bands, 
we found that (&.t,/aqs,)/( Bucl,/8qz) = + 1.75, which indicates a negative perturbation of intensity 

( &. < 0). 0 1992 Academic Press, Inc. 

INTRODUCTION 

As fluoromethane is a stable molecule having a large, permanent dipole moment 
it is of particular interest for its use in molecular lasers. Because coincidences between 
frequencies are sought in different spectral regions for optically pumped lasers, accurate 
values of the vibration-rotational energies are required for these applications. Among 
the candidates for such applications are the vibration-rotational bands u2 and u5, 
which are prototypical instances of parallel (~9) and perpendicular ( u5) bands, the 
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FIG. 1. Part of the spectrum of the bands v2 and u5 of H3%F. 

wavenumbers and intensities of which are strongly perturbed by the vibration-rota- 
tional interactions between and within the states v2 = 1 (vibrational symmetry A) and 
v5 = 1 (E). 

In their paper on the Coriolis interactions caused by rotations about x, y molecular 
axes in symmetric top molecules, di Lauro and Mills (1) discussed qualitatively the 
intensity perturbations in the bands v2 and v5 of H$F. Wavenumber perturbations 
in the Raman bands v2 and v5 of H3CF measured with a resolution about 0.3 cm-’ 
have been studied by Escribano, Mills, and Brodersen (2), and by Betrencourt, Mor- 
illon-Chapey, and Pinson (3) in the infrared bands v2 and v5 of H3 ‘*CF measured 
with a resolution of 0.01 S-0.02 cm-‘. 

The purely rotational transitions within the states v2 = 1 and v5 = 1 have been 
studied by both microwave spectroscopy (4, 5) and submillimeter-wave spectroscopy 
up to J = 12 (6). 

In the present work, we have remeasured the vibration-rotational bands v2 and v5 
of H3 i2CF with resolution 0.0034 cm-’ and analyzed simultaneously the infrared data 
with the frequencies of pure rotational transitions in the excited vibrational states v2 
= 1 and v5 = 1 (4-6) and in the ground vibrational state using the reduced Hamiltonian 
for the interacting vibrational states of C,, molecules according to Lobodenko et al. 
(7). We assigned 85 lines to the Ak = *2 perturbation-allowed transitions [cf., e.g., 
Ref. (S)] and determined the ground-state parameters A0 and DA”‘, which agree well 
with those determined previously by Graner (9). Preliminary measurements of the 
absolute intensities of about 80 selected lines have confirmed the presence of a negative 
perturbation of intensity. Extension of this work to HX 13CF should aid the understand- 
ing of the recently observed difference in the rates of ortho-paru conversions between 
H3 12CF and H3 13CF [cf. Ref. (IO)]. 

EXPERIMENTAL PROCEDURE 

The infrared spectra were measured in absorption in an optical path 2.84 m by 
means of an interferometric spectrometer (Bruker IFS 120 HR) at an unapodised 
resolution 0.0034 cm-’ . The spectrometer was calibrated as described previously ( I I ) . 
The sample pressure was 50 Pa at 298 K. A segment of the spectrum between 1474.6 
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TABLE I 

Vibration-Rotational Parameters/cm-’ of the Bands vz and u5 of H,“CF 

Parameter I" II* IIF Ivd 

*2 
1459.39161= 

B2 0.84964490(148) 

5.2044380(25?5) 

2.01910(909) 

1.293(164) 

. . 
ES 146?.81321(35) 

B5 0.853?2?58(1045) 

*5 5.1366694403943) 

-1.2962768(2928) 

2.07149(461) 

-0.6582(10??) 

0.08601(1005) 

18.441(298?) 

1.83?19(1324) 

2.40106(469) 

1459.39126(15) 1459.39165(e) 

0.8496488?(130) 0.84964621(59) 

5.2049873(165) 5.2049698(110) 

2.00299(153) 1.99955(121) 

13.523(X6) 13.302(42) 

?4.322(300) ?4.678(30?) 

0. 
e 

0. 
e 

1.346(130) 1.182(61) 

0. 
c 

0. 
e 

0. 
e 

0. 
e 

1467.81396(7) 1467.81381(5) 

0.8536960?(160) 

5.13741027(452) 

-1.2958922(87) 

2.07079(75) 

12.844?(302) 

?0.646(50) 

-0.000691(307) 

-0.4625(184) 

4.5?8(126) 

0. 
e 

-0.3604(186) 

-0.8720(189) 

-0.003?88(98) 

0.10??3(166) 

-0.04?1?(331) 

0.5181?24(62) 

-0.289?1(?0) 

10.364(516) 

1.81082(321) 

2.41351(106) 

0.?384(5?2) 

0.851794269' 

5.162009= 

2.008??= 

14.6?03?e 

70.33= 

-0.001072= 

0.064946e 

0.?45882= 

0. 
e 

0.85369991(106) 

5.13?41758(370) 

-1.2958669(?0) 

2.071?4(91) 

12.9408(180) 

?0.706(155) 

-0.000611(303) 

-0.4149(129) 

4.?63(109) 

0. 
e 

-0.3?56(139) 

-0.8524(134) 

-0.0041?3(63) 

0.10581(140) 

-0.04351(295) 

0.5181645(43) 

-0.29034(44) 

10.923(331) 

1.81424(185) 

2.41342(90) 

0.?698(486) 

0.851?95021(321) 

5.182010?(12) 

2.008?5(8?) 

14.68468(403) 

?0.39(15) 

-0.0010?2e 

0.064946= 

0.745~U2~ 

0. 
e 

1459.3922(11) 

0.8496306(7?) 

5.204882(63) 

1.9665(96) 

13.83(21) 

70.33= 

0. 
c 

0.0441= 

0.810C 

0. 
e 

146?.8129(5) 

0.8536?10(34) 

5.137524(16) 

-1.2956?6(42) 

2.0916(45) 

12.?52(46) 

70.33= 

0.0441= 

0.810= 

0. 
e 

0. 
e 

0.= 

-0.904(1?) 

0. 
e 

0.e 

0. 
e 

0.5183?4(26) 

-0.2907(41) 

0. 
e 

-1.7506(34) 

2.40?9(22) 

0. 
e 

0.851?9425e 

5.182009e 

2.0090e 

14.660= 

70.33= 

0. 
e 

0.0441= 

O.aloe 

0.e 

Standard 

deviation 

GS rot/MHz - 0.203 

"9 rot,mz 0.742 0.367 

vR/cm-l 7.94 x 10 -4 - 8.04 x 10-4 3.7 x 10-3 

’ Separate fit to the u2 = 1 and u5 = 1 pure rotational transition frequencies (6). 
b Separate fit to the infrared data. The ground state parameters were constrained to the values obtained 

previously by fitting the purely rotational transition frequencies in the ground state (1 I ); A0 and 0°K were 
constrained to values obtained by Graner (9) [A0 = 5.182009( 12), D$ = 70.33(25) cm-‘]. 

’ Simultaneous fit of the wavenumbers of vibration-rotational transitions with the frequencies of rotational 
frequencies of the ground and upper states. 

d Parameters obtained by Betrencourt et al. ( 3). 
e Constrained value. 
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FIG. 2. Scheme of the energy level crossings in the states kl = -2 and kl = + 1 of the level 2r5 = 1 (positions 
of levels differing in J are not drawn to scale); Al and A* are the overall symmetry species. 

and 1476.2 cm-’ is shown in Fig. 1. The bands v2 and q of H&F lie in the same 
region as the v2 band of water vapor. We have therefore recorded also the water spectrum 
at a pressure of 30 Pa using the same optical path 2.84 m, which made it possible to 
eliminate easily the H20 lines from the H&F spectrum. 

THEORY AND ANALYSIS 

The difference of the energies of the vibrational states u2 = 1 and v5 = 1 is (in 
wavenumber units) only 8.42 cm-‘; hence one must use a variational approach to 
determine the molecular parameters in the excited states u2 = 1 and u5 = 1. According 

TABLE II 

J’ E/all 
-1 

=1 C2 Assignmenta 

1714.266 
1691.272 
1743.565 

16 
16 
17 
17 
18 
18 
19 
19 1780.565 
20 1841.575 

1719.351 
1774.551 
1749.115 
1807.221 

20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

1813.701 
1877.613 
1848.521 
1915.334 
1885.026 
1954.738 
1923.214 
1995.823 
1963.086 
2038.589 
2004.641 

0.659 0.703 
0.749 -0.647 
0.668 0.688 
0.740 -0.656 
0.677 0.674 
0.731 -0.663 
0.684 0.661 
0.723 -0.670 
0.691 0.648 
0.715 -0.677 
0.697 0.635 
0.708 -0.682 
0.703 0.622 
0.701 -0.687 
0.708 0.610 
0.694 -0.692 
0.713 0.598 
0.688 -0.697 
0.717 0.586 
0.682 -0.701 

'X(J",Z) 
'X(J",2) 
'X(J",Z) 
PX(J",2) 
'X(J",Z) 
PX(P,2) 
'X(Jot,2) 
'X(J",2) 
'X(J",Z) 
'X(J**,2) 
'X(J**,2) 
pX(J*q,2) 
'X(J",2) 
'X(J",2) 
'X(Jrn,2) 
'X(Jgv,2) 
pX(J+",2) 
'X(J'*,2) 
'X(J",2) 
'X(J",2) 
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to this method, a matrix representation of the expanded vibration-rotational Ham- 
iltonian is formed; the corresponding vibration-rotational energies are obtained by 
the numerical diagonalization of this matrix during the least-squares fit to the param- 
eters corresponding to the minimum of the sum of the weighted squares of the dif- 
ferences between the experimental and calculated transition frequencies and wave- 
numbers. 

The order of approximation that we use in fitting the data is essentially a matter of 
experience combined with a method of trial and error. In contrast, the form of a 
reduced vibration-rotational Hamiltonian involving only determinable molecular pa- 
rameters can be chosen in a less empirical manner ( 7). We used the following expression 
for the diagonal elements of the matrix representation of the reduced vibration-ro- 
tational Hamiltonian, 

&(J, K, l)/hc = Ev/hc + B,J(J+ 1) + (A, - B,)K* - 2(A{;)K1 

+ $J(J+ l)K1+ q:K31 + T:J*(J+ l)*Kl+ &J(J+ 1)K3Z+ 7;K51 

- D:“J*(J+ l)* - D:j;‘J(J+ l)K* - D$‘)K4 + H:“J3(J+ 1)3 

+ &;J*(J+ 1)*K2 + H!$J(J+ 1)K4 + &‘K6 + - - -, (1) 

in which 1 = 0 for the nondegenerate vibrational state v2 = 1 and I = + 1 for the +1 
sublevels of the doubly degenerate state u5 = 1. 

An extremely useful result of the theoretical considerations of Lobodenko et al. ( 7) 
is that one must constrain four parameters of the transformed effective third-order 
Hamiltonian for the Coriolis interaction between the vibrational states u2 = 1 and u5 
= 1 so as to eliminate the ambiguity of this Hamiltonian. We chose the following 
constraints 

d2 = 77; = c21 
(*I = 015 zz 0. 

Thus we fitted the following parameters for the Coriolis interaction, 

(0, 1+1; J, k + 1 I(ff21 + fJ2dlhcI l,O”; J, k) 

= -( 1, 0’; J, k + 1 I(H21 + &)/hc[O, 1-l; J, k) 

= 2l’*{ Cl:’ + C::“‘J(J+ 1) + C::“[k* + (k + l)*]}F(J, k), (3) 

in which 

F(J, k) = [J(J+ 1) - k(k+ l)]“*. (4) 

The “2, - 1” I-type interaction has the determinable parameters, 

(0, 1-l; J, k + 1 I(& + &)/hcIO, l+‘; J, k) 

= 2{&(2k + 1) +f:iK[k3 + (k + 1)3])F(J, k), (5) 

as well as the interaction described by the matrix element 

(0, l+‘; J, k + 1 I&/hcI 1, 0’; J, k) 

= (1, 0’; J, k + 1 I&/hclO, 1-l; J, k) = 2”*C’,:‘(2k + l)F(J, k). (6) 

We use the notation and phase conventions for the off-diagonal matrix elements de- 
scribed in Ref. (12). 
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TABLE III 

Wavenumbers/cm-’ of Lines in the Bands v2 and v5 of H,‘*CF 

Transition uevenulber Ohs-ca,c 

qP( 1, 0) (1457.68806) 

qP( 2, 0) 1455.83992 

qP( 3, 0) 1453.85539 

qP( 4, 0) 1451.74793 

qP( 5, 0) 1449.5341, 

qP( 6. 0) 1447.23077 

& 7; 0) 1444.85395 

qu 8, 0) 1442.41712 

qP( 9, 0) 1439.93149 

sPc10. 0) 1437.40642 

q%ll, 0) 1434.84919 

w12, 0) 1432.26562 

qP(13, 0) 1429.66049 

qP(l4. 0) 1427.03760 

wr5, 0) 1424.39997 

qP(16, 0) 1421.7S004 

qP(17, 0) 1419.08981 

qP(18, 0) 1416.42096 

w19, 0) 1413.74489 

qPc20, 0) 1411.06273 

qp(21, 0) 1408.37549 

cp(22. 0) 1405.68391 

&23; 0) 1402.98876 

q+Y24. 0) 1400.29056 

qpc25, 0) 1397.58992 

qP(26, 0) 1394.88TJl 

qpc27, 0) 1392.16318 

qP(28, 0) 1389.47772 

qpc29, 0) 1386.77130 

qe30, 0) 1384.06436 

qP(31, 0) 1381.35679 

qpc32. 0) 1378.64916 

qpt33, 0) 1375.94189 

qP(34, 0) 1373.23475 

clP(35, 0) 1370.52764 

qP(36, 0) (1367.81822) 

qP( 2, 1) 1455.75830 

qP( 3, 1) 1453.55027 

ac 

& 

4. 

5; 

1) 1451.21163 

0 1448.79306 

qF( 6. 1) 1446.32210 

qp( 7. 0 1443.81432 

qp( 8. 11 1441.27'8-33 

qP( 9. 1) 1438.72156 

&lo; 11 1436.14657 

qP(11, 1) 1433.55666 

w12, 1) 1430.95408 

qn13, 1) 1428.34048 

qP(l4. 1) 1425.71733 

qpc15. 1) 1423.08578 

qW16, I) 1420.44678 

clP(17. 1) 1417.80119 

&18; 1; 1415.14977 

qpc19, 1) 1412.49341 

qN20, I) 1409.83197 

qP(21. 1) 1407.16669 

UP(22. 1) 1404.49778 

qP(23; 0 1401.82569 

qpt24, 1) 1399.15081 

qpc25. I) 1396.47350 

(101 -21 

(50) -24 

(10) -21 

(20) -17 

(10) -29 

(IO) -26 

(IO) -22 

(20) -25 

(IO) -19 

(10) -12 

(IO) -13 

(10) -12 

(10) -8 

(10) -1 

(10) 4 

(10) 8 

(10) 12 

(10) 19 

(10) 25 

(50) 36 

(30) 42 

(IO) 49 

(IO) 49 

(20) 49 

(10) 50 

(20) 58 

(40) 54 

(20) 43 

(30) 40 

(20) 10 

(30) -16 

(40) -16 

(40) -35 

(70) -99 

(10) -23 

(IO) -12 

(IO) -18 

(50) -15 

(10) -14 

(IO) -9 

(10) -10 

(10) -12 

(10) -7 

(10) -7 

(101 -4 

(50) -4 

(100) -2 

(10) 3 

(10) 6 

(10) 9 

(10) 14 

(30) 43 

(20) 23 

(IO) 28 

($0) 29 

(10) 30 

(20) 31 

(IO) 30 

qP(26, 1) 1393.79405 

qP(27. 1) 1391.11287 

qP(28, 1) 1388.43013 

cP(29, 1) 1385.74600 

w30, 1) 1383.06098 

qP(31, 1) 1380.37492 

qpc32, 1) 1377.68850 

qpt33, 1) 1375.00164 

qpc34, 1) 1372.31‘18 

qP(35, 1) (1369.62855) 

qP( 3, 2) (1454.64771) 

qP( 4, 2) (1453.23395) 

qP( 5. 2) (1451.87883) 

qP( 6. 2) (1450.56434) 

qP( 7, 2) (1449.27631) 

qP( 8. 21 ~1448.00417~ 

qP( 9, 2) (1446.74024) 

qPc10, 2) ~1445.47900~ 

qP(ll, 2) (1444.21647) 

qP(l2, 2) (1442.94984) 

qP(13. 2) (1441.67710) 

.+x14. 2) ~1440.39687~ 

qP(15. 2) (1439.10821) 

&16; 2) (1437.81054) 

qRl7, 2) (1436.50354) 

qP(ll3, 2) (1435.18710) 

qP(19, 2) (1433.86126) 

qP(20. 2) (1432.52619) 

&21; 2) ~1431.18215; 

qP(22, 2) (1429.82950) 

pP(23. 2) ~1428.46861~ A 

pP(24, 2) (1427.09992) A 

pPC25, 2) (1425.72390) A 

pP(26, 2) (1424.341031 A 

pP(27, 2) (1422.95180) A 

pP(2.3, 2) (1421.55669) A 

pP(29. 2) (1420.15621) A 

pp(30, 2) ~1418.75081~ A 

pp(31. 2) (1417.34107) A 

aP< 4. 3) (1452.94400 

;P( 5; 3) (1451.34736; 

qP( 6, 3) (1449.77421) 

qP( 7, 3) (1448.22268) 

qP( 8, 3) (1446.69077) 

qP( 9, 31 (1445.17642) 

qPt10, 31 (1443.67756) 

q-(11. 3) (1442.19222) 

qP(l2, 3) ~1440.71852~ 

qP(13, 3) (1439.25474) 

qP(l4, 3) (1437.79928) 

qP(15. 3) (1436.35074) 

qP(l6, 3) (1434.90786) 

aP(17. 31 (1433.46956) 

qP( 5, 4) (1451.37052; 

qW 6. 4) (1449.71677) 

qP( 7. 4, (1448.07249) 

qP( 8. 4) (1446.43745) 

qP( 9, 4) (1444.81139) 

qP(10, 4) (1443.19402) 

qpc11, 4) ~1441.58503~ 

(IO) 25 

(20) 27 

(20) 24 

(30) 6 

(30) 1 
(30) -30 

(30) -42 

(301 -60 

(50) -122 

qP(12, 4) (1439.98412) 

qpc13, 4) (1438.39095) 

qP(14. 4) ~1436.80519~ 

qP(15, 4) (1435.22651) 

qP(16. 4) (1433.65459) 

qWl7, 41 (1432.08912, 

qP( 6. 5) (1449.85918) 

qP( 7, 5) (1448.17477) 

qP( 8, 5) (1446.49368) 

qP( 9, 5) (1444.81599) 

qpc10, 5) (1443.14180) 

qP(11, 5) (1441.47118) 

qP(12, 5) (1439.80424) 

qP(l3, 5) (1438.14106) 

qP(l4, 5) (1436.48174) 

qP(15, 5) (1434.82638) 

qP(16, 5) (1433.17507) 

qPCl7, 5, (1431.52790, 

qP( 7. 6) 

qP( 8. 6) 

qP( 9; 6) 

qP(10, 6) 

qP(11, 6) 

qP(12, 6) 

qP(13, 6) 

qP(14. 6) 

qP(15, 6) 

Cl448.39991) 

(1446.69469) 

1444.98950 (60) -8 

1443.28487 (60) 10 

1441.58111 (80) 70 

1439.87629 (100) -39 

1438.17292 (100) -89 

(1436.47199) 

(1434.77143) 

qP(l6, 6) (1433.07235) 

qPtl7. 6) (1431.37498) 

& 8; 7) (1446.98961) 

qF'( 9. 7) (1445.26838) 

qP~l0. 7) (1443.54541) 

qP(11. 7) Cl441.82088) 

qpc12; 7) (1440.09499) 

qP(13, 7) (1438.36797) 

qP(l4, 7) (1436.64004) 

qp(15, 7) (1434.91143) 

qfY16. 7) (1433.18240) 

qP(17, 7) (1431.45319) 

qP( 9, 8) (1445.62688, 

aP(10. 81 (1443.89239) 

qP(11, 8) (1442.15500) 

qP(12, 8) (1440.41490) 

qP(13, 8) (1438.67231) 

qP(14, 8) (1436.92744) 

qpc15, 8) (1435.18054) 

qP(16, 8) (1433.43184) 

qP(17, 8) (1431.68160) 

apc10. 9) (1444.310891 

qP(11, 9) (1442.56491) 

qP(l2, 91 (1440.81527) 

qP(13, 9) (1439.06218) 

qpc14, 9) (1437.30585) 

aP(15. 9) (1435.546521 

&16; 9) (1433.78440; 

qPC17, 9) (1432.01976) 

qP~11.10~ ~1443.04101~ 

qPC12.10, (1441.28475) 

dPU3;lO) (1439.52436) 

qPCl4.10, (1437.76003) 

Note. In case the experimental wavenumber is missing, a value calculated from parameters in Table I is 

given (enclosed in parentheses). The experimental uncertainties (in parentheses) and the difference between 

observed and calculated wavenumbers are given in units of the last wavenumber digit quoted. Wavenumbers 

denoted with (*) have not been taken in the fit, A-see Table II. If the AI-A2 splitting is indicated for the 

J”, K” = 3 lines, the first wavenumber in the doublet corresponds to a transition to the larger block in the 

symmetry factorized matrix of the Hamiltonian, i.e., for J’ even it is the A, + A*. for J’ odd the A2 +- A, 
transition. 
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qP(15.10) t1435.w1w, 

qP(l6.10) (1434.22046) 

qF'(17.10) (1432.44568) 

ac12.11, (1441.81665, 

qP(l3.11) (1440.05106) 

@'(14,11) (1438.28102) 

qP(l5.11) (1436.50674) 

'S~(l6.11) (1434.72845) 

&17;11) (1432.94638) 

qXl3.12) (1440.63727) 

cf'(l4.12) (1438.06309) 

@P(l5,12) (1437.081288) 

qP(16.12) (1435.30107) 

@P(l7,12) (1433.51368) 

qP(l4.13) (1439.50228) 

qKl5.13) (1437.72016) 

d'(l6.13) (1435.93333, 

&17;13) (1434.142O4) 

qX 1, I) (1459.16559) 

*c 2, I) (1458.66oM) 

qa( 3, I) 1458.02533 

*PC 4, I) 1457.309119 

qa( 5, 1) 1456.54174 

.?2P( 6, 1) 1455.73646 

qu 7, 1) 1454.w31a 

qa( a, I) 1454.04769 

qa( 9. 1) 1453.17411 

qxl0. 0 1452.28508 

qoP(l1, 1) 1451.3829a 

@x12. I) 1450.46912 

&Is; I) 1449.54514 

*c14, 1) 1448.61157 

qa(l5. 1) X47.67080 

qQ(l6, 0 1446.72218 

qa(l7, I) 1445.76687 

qa(l8. 1) 1444.80565 

qa(l9, 1) 1443.83886 

*P(zo, 1) 1442.86678 

mc21. I) 1441.89065 

;P(22; 1; 1440.90958 

qQ(23, I) (1439.92483) 

qX24, I) (1438.93660) 

qK25, 1, c1437.94507, 

qO(26. 1) (1436.95048) 

qQ(27, I) (1435.95309) 

+x28, I) (1434.95309) 

qX29, I) (1433.950611) 

Cp(30, I) (1432.94605) 

qa( 2, 2) 1459.75710 

qa( 3. 2) 1460.o4722 

qa( 4, 2) 1460.39520 

qa( 5. 2) 1460.78328 

qP( 6, 2) 1461.19776 

*P( 7, 2) 1461.62388 

Qx 8, 2) 1462.06550 

ox 9. 

&lo; 

2) 1462.50561 

2) 1462.94387 

qa(ll, 2) 1463.37731 

qxl2, 2) 1463.80457 

cPP(l3, 2) 1464.22338 

t100, 

(50) 
(IO) 

(IO) 

(10) 

(10) 
(IO) 
(IO) 
(IO) 
(200) 

(40) 

(IO) 

(10) 

(10) 

(6OI 

(20) 

(IO) 

(20) 

(30) 

(100) 

(100) 

(500) 

(50) 

(500) 

-22 

-12 

-14 

-12 

-12 

-17 

-10 

-12 

-6 

-3 

0 

-45 

4 

4 

2 

14 

21 

3 

42 

10 

-81 

-10 

0 

-15 

-9 

(400) -394 

(30) -13 

(10) -7 

(IO> -10 

(IO) -11 

(IO) -2 

(80) -5 

qa(l4. 2) 1464.63313 (20) 

Qxl5, 2) 

.&17; 2) 

*(ia, 2) 

qxl9, 2) 

Qx20. 2) 

wXl6. 2) 

qo(21, 2) 

Pa(22, 2) 

pN23, 2) 

pP(24. 2) 

Px25. 2) 

~Q(26. 2) 

Pa(27, 21 

pa(28, 2) 

Pa(29, 2) 

pN30, 2) 

caQ(31. 2) 

bX32; 2) 

pP(33, 2) 

pQ(34, 2) 

PQ(35, 2) 

qu 3, 3) 

qa( 4, 3) 

rp( 5, 3) 

qO( 6, 3) 

qa( 7, 3) 

qa( a, 3) 
q!t 9, 3) 

qa(lO, 3) 

qa(ll, 3) 

qa(l2, 3) 

qxl3, 3) 

qa(l4, 3) 

qa(l5, 3) 

w(l6, 3) 

Qx17, 3) 

*(la. 3) 

cpcia. 3) 
qa(19, 3) 

qP(19. 3) 

qP(20. 3) 

Qx20, 3) 

gP(21. 3) 

qPc21; 3) 

rp(22. 3) 

rp(22, 3) 

rP(23, 3) 

qU23, 3) 

qP(24, 3) 

q'X24. 3) 

qK25, 3) 

qa(25, 3) 

qX26, 3) 

M26, 3) 

~2(27, 3) 

sP(27. 3) 

&ra; 3) 

qa(28, 3) 

qQ(29, 3) 

1465.80280 

1465.03319 

(30) 

1466.17219 

(30) 

(30) 

1465.42315 

1466.53151 

(JO) 

(20) 

1466.88083 (611) 

1467.22051 (10) 

1467.55094 A (30) 

1467.87245 A (20; 

1468.18544 A (20) 

1468.49038 A (30) 

1468.78751 A (1001 

1469.07783 A (10) 

1469.36126 A (10) 

1469.63134 A (201 

1469.90971 A (301 

1470.17538 k (20) 

1470.43612 A (201 

1470.69195 A (40) 

1470.94367 A (30) 

1471.19122 A (601 

1459.75710 (100) 

1459.86289 (IO) 

1459.99217 (30) 

1460.14287 (IO) 

1460.31289 i1000~ 

1460.50038 c100; 

1460.70263 (IO) 

1460.91897 (100) 

1461.14448 (100) 

1461.38025 (20) 

1461.62388 (80) 

1461.a7340 (10) 

i462.i2aio (20) 

1462.38648 (30) 

1462.647a4 (10) 

1462.91090 (50) 

1462.91090 (50) 

1463.17542 (30) 

1463.17542 (30) 

1463.44044 (50) 

1463.44044 (50) 

1463.70562 * 

1463.70562 = 

1463.97041 l 

1463.97O41 * 

1464.23446 l 

1464.23446 = 

1464.49760 * 

1464.49760 * 

1464.76029 * 

1464.76029 * 

1465.02032 * 

1465.02032 * 

1465.27964 * 

1465.27964 l 

1465.53743 * 

1465.53743 * 

1465.79463 * 

-4 

0 

6 

6 

7 

16 

18 

20 

25 

30 

32 

35 

ia 

38 

43 

44 

53 

49 

57 

45 

56 

51 

30 

-9 

-26 

-33 

-37 

-12 

-15 

a5 

-7 

-6 

8 

-11 

-6 

-13 

-4 

-19 

13 

-11 

32 

-15 

43 

-11 

65 

-17 

a2 

-32 

96 

-46 

119 

3 

215 

-89 

182 

-122 

227 

-175 

274 

.I60 

lrsnsition 

qO(29, 3) 

qP(30. 3) 

qat30, 3) 

qa(31. 3) 

Qx31, 3) 

uX32. 3) 

&32; 3) 

qQ(33. 3) 

qx 

1465.79463 

4. 41 1459.88519 

1464.0514o 

clQ( 5, 4) 

1466.04653 

1459.93371 

qX 6. 4) 1459.99217 

1466.3063a 

crat 7. 41 146o.05830 

1466.29910 

1466.56115 

1466.55021 

1466.8167a 

14M.799a9 

1467.07551 

1467.04778 

Qx33. 3) 

cfx34. 3) 

qP(34. 3) 

& s; 4) 1460.13447 

qa( 9. 4) 1460.21769 

qP(lO. 4) 1460.29939 

ua(ll. 4) 1460.40764 

.&2; 4) 1460.51373 

qa(13, 4) 1460.62673 

qQ(l4, 4) 1460.74620 

aQx1(15. 4) 1460.a7171 

&16; 4) 1461.00275 

qP(l7, 4) 1461.13953 

qacla, 4) 1461.2aO67 

qP(l9, 4) 1461.42669 

at20. 4) 1461.57714 

sac21; 4) 1461.73172 

qa(22, 4) 146l.awoa 

+X23, 4) 1462.05208 

cP(24, 4) 1462.2173a 

qQ(25, 4) 1462.3a648 

qX26, 4) 1462.55725 

~X27. 4) 1462.73137 

qpcza, 4) 1462.9lO9O 

qoe9. 4) 1463.08736 

qPuo. 4) 1463.26890 

qP(31. 4) 1463.45239 

M32, 4) 1463.63a30 

qa(33, 4) 1463.82615 

rp(34, 4) 1464.01597 

qP( 5, 5) 1‘60.07446 

qO( 6, 5) 146o.09Qaa 

cut 7. 5) 146o.11305 

(IO) 

l 

6 

(10) 

423 

(30) 

-4 

l 

(80) 

2 

-73 

59 

(10) 

l 

0 

(100) 

(500) a6 

207 

(500) 

-63 

* 

50 

(1000) 

-76 

(90) 0 

-927 

* 

(IO) 

227 

-5 

(500) 

l 

(1000) 

-13 

(20) 

-201 

-61 

-10 

= 

(100) 

249 

0 

(100) 

* 

9 

(IO) 

-33 

4 

* 

(100) 

293 

41 

(20) 

* 

14 

(IO) 

10 

7 

l 

(IO) 

312 

5 

(50) a 

(20) 5 

(50) 9 

(20) 6 

(60) 68 

(20) 0 

(IO) -11 

(300) 256 

(40) -31 

(80) -46 

(30) -a8 

(40) -101 

(SO) -123 

(60) -142 

(500) -12 

(100) -112 

(1000) 62 

~1000~ -137 

(500) 20 

(IO) 11 

(500) 1 

(10) 3 

(500) -774 

(100) -24 

(TOO) 17 

(20) -4 

(30) -t 

wia, 

& a; 5) 

5) 

1460.13447 

*P( 9. 5) 

1460.54558 

146O.16254 

cpc10, 

qxl9. 

5) 

5) 

1460.19203 

qac11. 

1460.60442 

5) 1460.22466 

qa(20, 5) 

qa(l2, 5) 

146O.m 

146dI.26059 

rp(l3, 

$( 6. 

5) 

6) 

1460.29196 

qxl4, 5) 

1460.31289 

1460.34lw 

qa(l5, 5) 

wP( 7, 6) (1460.31086) 

146o.3aao7 

qP(l6, 5) 1460.43697 

qP(l7, 5) 1460.48954 

We tested the consistency of the submillimeter-wave and infrared data by fitting 
these data separately and simultaneously (cf. Table I). The data were weighted ac- 
cording to the inverse square, (Au))‘, of the experimental uncertainty Au of the lines. 
The estimated uncertainties of the pure rotational transitions were stated previously 
(6); the uncertainties of the infrared data are indicated in Table III below. Each un- 
certainty stated in this paper represents one standard error. 
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TABLE III-Continued 

qQC 8, 6) Cl460.30655~ 

qW 9, 6) Cl460.302&9> 

qOtl0, 6) C1460.29?60> 

uXl1. 61 <I460293231 

&12; 6) (1460.28913> 

qC13, 6) <1460.2%545) 

qQP(l4, 6) (1460.28236) 

qO(15, 6) (1460.26003) 

qa(l6, 6) (1460.271163) 

qQCl7, 6) (1460.27835) 

qOCl%, 6) (1460.27936) 

9pCl9, 6) Cl460.28185) 

mC20, 6) Cl460.2%-600> 

sot 7. 7) 1460.60442 

SOC 8, 71 1460.58192 

aOf 9. 7) 

&lo; 7) 

1460.55939 

1460.53404 

qocit, 7) 1460.50695 

CpCI8,10> Cl46l.l45lO, 

qXl9.10) Cl461.05360> 

qw20.101 Cl460.95892, 

qO(1I.111 C1462.20353) 

qXl2,lll (1462.13424) 

(p<13.11) (1462.05988) 

qX14.11) Cl461.9%061) 

q(rCl5.11) Cl461.8966oI 

qQClb,ll) C1461.80805) 

qP(I7.11) (1461.71514) 

qP(l8,ll) Ct461.61806> 

q9CI9.11) (1461.51704) 

qOC20,ll) Ci461.41229) 

*c12,12> 1462.70816 

qQCl3,12) 1462.62925 

qXl4,12, C1462.54%171 

qPCt5.12) C1462.458593 

c&l6;12) C1462.36406) 

qOCl7.12) (1462.26477) 

qRC18.12) C1462.16093) 

4pC19.12) (1462.05273) 

&20;12) (1461.94040; 

qRC 0, 0) C1460.95063) 

qRC 1, 0) (1462.37330) 

qR( 1, 11 (1462.06792) 

qRC 2. I> Cl463.13602> 

q8C 3, I> (1464.12374) 

SRC 4, 1) CI465.05866) 

qRc 5, I) 1465.95605 

qRc 6. 1) 1466.82566 

qRc10. 2) l4%2.10502 (IO> -10 

qRc11, 2) 148c.23232 CIOOI -5 

qRct2, 2) X%6.35%92 (20) 0 

qiw13. 2) 14%%.459?1 (201 -3 

d(c14. 21 1490.55819 (10) 3 

qRc15; 2) 1492.64576 (20) 1 

qRCl6. 2) 1494.72266 (40) 37 

qRc17, 2) 1496.787%6 Cl01 10 

qRCl8, 2) 

qRc19. 2) 

qRc20. 2) 

PRczt. 2) 

Fw22. 2) 

pRC23, 2) 

pRC24. 21 

wx25, 2) 

FR(26, 2) 

pRC27, 2) 

pRC28. 2) 

1498.%4229 

1500.88604 

(20) 8 

Cl01 24 

(20) 21 

(50) 21 

(30) 26 

(30) JO 

(50) 40 

CM> 56 

(40) 36 

(501 61 

:1001 64 

1502.91902 

1504.94171 A 

1506.9344% I 

1508.95765 R 

1510.93165 _, 

1512.93689 A 

1514.91334 A 

1516.88220 A 

151%.%4317 A , 

(500) 

(2001 

<zoo> 

(2001 

Cl000~ 

(500) 

(50) 

(50) 

(500) 

(200) 

(200) 

16% 
0 

46 

13 

-3 

9 

19 

-19 

405 

368 

-316 

-12% 

22 

44 

-11 

-31 

0 

-14 

20 

9 

-30 

27 

0 

C200) -363 

CZOW -337 

rpCl2, ?I 1460.47845 

apc13. 7) 1460.44838 qR( 3, 3) 1466.67373 

qRc 4, 3) 1468.50787 

qw 5, 3) 1470.36137 

qRC 6. 3) 1472.23371 

qRc 7, 3) 1474.12290 

qRC 8. 3) 1476.02681 

quc 9, 3) 1477.94323 

~ClO. 3) 1479.87036 

qRCl1; 3) 1481.80626 

qRCl2, 3) 14%3u.74930 

qRc13. 3) 1485.69796 

qRc14. 3) lw17.65072 

qRc15. 3) 14%9.606%5 

qRC16. 3) 1491.56490 

qRCI7. 3) 1493.52404 

faRc17. 31 1493.52404 

&l%; 3) 1495.48350 

qRCl8, 3) 1495.48350 

qRc19. 3) 1497.44277 

qQc19, 3) 1497.44277 

(20) -4 

(10) -19 

(10) -5 

CSO) -6 

(10) -9 

Cl01 -4 

(10) -9 

<IO) -8 

(101 -8 

(10) -7 

CID> -6 

(30) -21 

(10) -8 

(10) -4 

(10) -6 

(10) 26 

(20) -11 

(20) 33 

(30) -5 

(30) 53 

qRc20. 3) 1499.40105 l -10 

qRC20. 31 1499.40105 * 65 

4ac14; 7) 1460.41648 

qact5. 7) 1460.38807 

qPCl6. 7) 1460.35408 

qaCl7. 7) 1460.31289 

WI%. 7) 1460.27992 

qpc19, 7) 1460.2462% 

*czo, 7) 1460.21130 

(150) 

(150) 

c1ou1 
(200) .+I( 8, 8) 1460.93637 

@C 9. 8) 146%.90123 ClOOf 

~1001 

-17 

17 

-56 

-11 

-3 

-2 

-21 

9 

2 

-2 

5 

498 

12 

54 

25 

23 

36 

112 

38 

17 

10 

24 

2I 

-2 

-t6 

-5 

-7 

-8 

84 

6 

-12 

-5 

.+x10; 8% 1460.86321 

QxIl, 8) 1460.82151 4Rc 7; 1) 1467.67167 

4RC 8. 0 1468.50030 

c1001 

ClOO) 

(50) 
Cl01 

(80) 
(200) 

(40) 

GO) 

(40) 

(500) 

(20) 

Cl%@ 

Czo) 

(30) 

(30) 

(150) 

(30) 

(40) 

(40) 

(60) 

(60) 

ClOO> 

ctoo> 

(10) 

(10) 

(50) 

(100) 

c501 

(10) 

(10) 

qWl2, 8) 1460.77721 

wXl3. 81 1460.72957 w 9. I) 1469.31275 

9RC10. I) 1470.11141 .&4; 8) 1460.67892 

qPc15, 8) 1460.62673 

Wl6, 6) 1460.57138 

;RCll; 1) 1470.89779 

qivl2, 1) 1471.67387 

qR(I3, 1) 1472.43985 qXl7, 8) C1460.51421) 

mXl%. 8) C1460.45516> 

&lP; 8; (1460.39446; 

qW20, 8) C1460.33234) 

q5C 9, 91 1461.3149% 

qxl0, 9) 1461.26717 

qxll, 91 1461.21557 

qwiz, PI 1461.15986 

cwI3, 9) 1461.10053 

qPc14, 9) 1461.03707 

qw15. 91 1460.97099 

q'XI6, 9) 1460.90123 

qa(17. 9) 1460.82636 

qQCl8, 9) 1460.75262 

qQCl9, 9) (1460.67354) 

qQC20, 9) C1460.59251f 

qcrclo,Io) I461.73172 

qac11,10> 1461.67747 

qx12,10) 1461.61432 

crx13.10> 1461.54594 

qR(i4, 1) 1473.19702 

qRCl5. 1) 1473.94624 

qRCl6, If 1474.69288 

q&17, 1) 1475.42285 

c1RCl8. 1) 

qRc19; if 

1476.15171 

l476.8TJ91 

qRc20, If 1477.59060 

qRc21, 1) 1478.30259 

w22, 1) 1479.01004 

qRC23, I) 1479.71131 

qRC24. 11 1460.40864 

qw25, 1) 1461.10186 

qRC26. II 1481.79122 

qN27, I) 1462.47650 

qRC28. 1) 1463.15781 

w 2, 2) 1465.15736 

c5001 

CSOof 

(5001 

(500) 

-19 

-50 

-49 

-5% 

-42 

-71 

-12 

8 

27 

6% 

qRc21, 3) 1501.35798 * -20 

#x21, 3) 1501.35p8 * 79 

qRc22. 3) 1503.31321 * -27 

cIRC22, 3) 1503.31321 l 101 

qRC23, 3) 1505.26638 * -40 

qRc23, 3) 1505.2663% * 125 

qRC24, 3) 1507.21719 * -63 

qRc24, 3) 1507.21719 * 14% 

qRC25, 3) 1509.16549 l -92 

qRf25, 3) 1509.16549 * 179 

qRC266. 3) 1511.11125 * -120 

qRC26. 3) 1511.11125 * 229 

W27, 31 1513.05401 = -184 

c1001 

ClOOI 

c1001 

(200) 

Cl501 

ClOO> 

t7001 -598 

c5001 -146 

(500) -112 

CZOO) -146 

qR( 3, 21 1467.20852 

*c 4, 2) 1469.29972 

4RC 5. 2) 1471.41688 

qRC 6. 2) 1473.55025 

qRC27. 3) 1513.05401 * 265 

qRC28. 3) 1514.98781 l -882 

qQCi4.10) (l461.47498I 

aPClS.10) Cl461.39634) 

&l6;10; Cl461.31768) 

qOC17,iO) (1461.23320) 

&28; 31 1514.98781 * 

qRC29, 3) C1516.93486) 

qRC29. 3) (1516.92719) 

qRc30, 3) C1518.87073) 

-29% 

qrf< 7. 2) 1475.68937 

qR( 8, 2) 1477.83096 

qRC 9. 2) 1479.97061 

We tested our computer program and the phase conventions by reproducing the 
calculated ~ansition frequencies listed by Betrencourt et al. (3), using their parameters. 
In the entire range of their calculated transition frequencies, the differences between 
the corresponding calculated wavenumbers did not exceed 1 X 10e4 cm-‘, but to 
achieve $is agreement we were obliged to change the sign given (3) for the para- 
meter Cl1 . 

We determined the absolute intensities of selected lines in the bands v2 and v5 by 
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Trmsitim Uadr Ot5-Calc Transition uavenntvr ohs-ce,c Tranoitifm VW-r Ohs-ca,c 

+x30. 3) 

qa( 5. 4) 

qR( 4. 4) 

d( 6. 4) 

(1510.aMs0) 

(1468.44(w) 
C(22, 6) 1499.37048 

qR(23. 6) 1501.07179 

qR(24, 6) 1502.7749O 

(40) -32 

(40) -80 

(40) -85 

(40) -144 

qR(17.11) (1492.17243) 

aRR(la.11) (1493.76325) 

&19;11) (1495.34941; 

q7(20,11) (1496.93111) 

rpCl2.12) (1484.rn716) 

-#X13,12) (1486.31772) 

qR(14.12) (1487.92248) 

qR(l5.12) (1489.52157) 

qR(l6.12) (1491.11514) 

qR(l7.12) (1492.m334) 

N(l8.12, Cl494.2B632) 

qR(19.12) (1495.a6425) 

qfx20,12> ~l497.43731, 

DPP( 1. 1) 1461.78019 

1473.75469 

14m.20845 

(100) 

1475.543m 

(IO) 

(500) 

1471.97740 

1477.3312.7 

(IO) 

(IO) 

1479.13136 (10) 

14M).93Tu1 (IO) 

Ma2.74982 (IO) 

14a4.56784 (10) 
14a6.39139 (IO) 
i488.2i9m (60) 

1490.05260 (PO) 

-11 
1 

22 

420 

2 

4 

-5 

6 

-1 

7 

-2 

-1 

12 

4 

8 

-267 

22 

0 

4 

-23 

-6 

-482 

10 

-66 

12 

-5 

9 

26 

61 

2 

a9 

3 

-22 

2 

0 

-19 

-14 

-22 

-20 

-23 

-66 

-712 

0 

212 

19 

-38 

12 

15 

10 

14 

11 

16 

-7 

-4 

a 

-22 

-35 

qR(25, 6) 1504.47097 

qR( 7. 7) (1474.19so6) 

I& a; 7) (i475.87248) 

qR( 9, 7) (1477.54742) 

.#XlO, 7) (1479.22001) 

qcll, 7) (148o.aw35~ 

qKl2, 7) (14a2.55857) 

qR(l3, 7) 1184.22530 

qR(14, 7) 1485.89434 

MR(15. 7) 1487.54852 

qR(l6. 6) 

& 7; 4) 

qfl( 8. 4) 

qiv 9, 4) 

di(l7. 6) 

qR(lO. 4) 

+x11, 4) 

Ml2, 4) 

Ml3, 4) 

qR(14, 0 

qR(15, 4) 

qR(l6. 4) 

qR(l7, 4) 

*(la, 4) 

crN19. 4) 

+x20, 4) 

qR(21, 4) 

cN22, 4) 

qR(23, 4) 

qN24, 4) 

qR(25, 4) 

et< 5, 5) 

+R( 6. 5) 

qv 7, 5) 

qa( a, 5) 

qR( 9. 5) 

qR(lO, 5) 

qR(ll, 5) 

qMl2, 5) 

qixl3, 5) 

qR(l4, 5) 

qR(15. 5) 
d(l6. 5) 

&x17; 5) 

q.via, 5) 

qt(l9. 5) 

qR(20, 5) 

qR(21. 5) 

qR(22. 5) 

cFX23, 5) 

MP(24. 5) 

qR(25, 5) 

4R( 6. 6) 

LTV 7. 6) 

qrl( a. 6) 

qR( 9, 6) 

@(IO. 6) 

rP(ll. 6) 

#NlZ, 6) 

qR(13, 6) 

MtP(l4, 6) 

$Kl5. 6) 

(90) 

(500) 

48 

508 

-349 

&16; 7) 1489.21328 

qMl7, 7) i490.87810 

qR(la, 7) (1492.531%) 

qR(19, 7) 1494.19028 

qR(20, 7) (1495.84674) 

SIR< a, 8) 1476.21541 * 

q~( 9, a) (1477.87236) 

*(lo, 8) (1479.529863 

qxii, a) (1481.18375) 

d((12. 8) (1482.83417~ 

&13; a) c1484.48(25) 

q(l4, a) ~1486.12514~ 

q~(15, a) (1487.76600) 

~~(16, a) (1489.403w) 

*(17, a) (1491.03928) 

qMl8, a) (1492.67206) 

qR(19, a) (1494.30251) 

qM20, a) (1495.93082) 

7~ 9, 9) (1478.27187) 

qMl0, 9) (1479.91864) 

*(II, 91 (1481.56125) 

qtpc12, 9) (1483.19923) 

eP(l3, 9) (1484.a322.9) 

qR(l4, 9) 1486.46199 

qR(l5, 9) (14aa.oa72.5) 

qRP(l6, 9) (1489.70946) 

qR(l7, 9) (1491.32737) 

qR(l8, 9) (1492.94176) 

*(19, 9) (1494.55280) 

qK20, 9) (14%.lMM9) 

q!UlO,lO) (1480.37563) 

qR(ll.10) (14a2.00%3) 

qR~12.10, (1483.63850) 

cfu13.10) (1485.26236) 

qR(l4.10) (14%.8al34) 

qR(l5.10) (1480.49557) 

qR(l6.10) (14W.10521) 

qFx17.10) (1491.71041) 

qR(la.10) (1493.31135) 

qR(19.10) (1494.90820) 

Cp(20,lO) (1496.50113) 

+!P(ll,ll) (1482.52111) 

qn(l2,ll) (1484.14306) 

.#xl3,11) (1485.75947) 

*(14,11) (1487.37047) 

qR(l5.11) (1488.97620) 

qR(16.11) (1490.57681) 

(500) 

(10) 

(30) 

(10) 

(IO) 

(IO) 

(IO) 

(IO) 

(10) 

(10) 

(10) 

(10) 

(10) 

(20) 

(60) 

(40) 

(60) 

a 

5 

17 

-2 

0 

2 

5 

-2 

-5 

9 

4 

-2 

7 

lb 

-4 

7 

(100) -30 

(60) 32 

1491.aaw7 (20) 

1493.73085 (10) 

490 

53 

425 

pP( 2; I) 1460.32TJ3 

PP( 3, 1) 1459.04431 

F+Y 4, I) 1457.85144 

PP( 5, 1) 1456.69426 

F+( 6, I) 1455.54930 

Fe 7. 1) 1454.40039 

Fe< 8, 0 1453.23875 

pP( 9, 1) 1452.05941 

FWIO. II 1450.85947 

PP(11, 1) 1449.63689 

P(12, 1) 1448.39112 

pP(13. 1) 1447.12206 

LlP(14. I) 1445.83029 

1495.57530 (IO) 

1497.42009 (250) 

1499.27535 (20) 

1501.12600 (30) 

1502.9ail9 (30) 

1504.a3003 (150) 

1506.69709 (70) 
(1470.30742) 
1472.02484 (500) 

1473.75469 (50) 
1475.40151 (500) 
1477.21259 (30) 
1476.94532 (20) 

pPc15; 1) 1444.51647 

pP(16, I) 1443.18141 

pp(17. 1) 1441.82702 

pP(l8, I) (1440.45422) 

Fel9, I) 1439.o6444 

pP(20, I) 1437.66036 

pP(21. I) (1436.24159) 

~~(22. 1) (1434.81085) 

pP(23, I) (1433.36920) 

pP(24, I) ~1431.91793~ 

pP(25. 1) (1430.45827) 

pP(26, 1) (142a.Wl32) 

pP(27, 1) (1427.51811) 

pP(28, I) (1426.03956) 

pP(29, 1) (1424.55648) 

pP(30, I) (1423.06962) 

PC 2, 2) 1448.78327 

!N 3. 2) 1446.80955 

Fe 4, 2) 1444.72425 

Fe< 5, 2) 1442.55407 

pP( 6, 2) 1440.31286 

pp( 7, 2) 1438.01646 

PP( a. 2) 1435.675% 

pP( 9; 2) 1433.29970 

P(lO, 2) 1430.89371 

Pvll, 2) 1428.46276 

pP(12, 2) 1426.0104a 

pP(l3, 2) 1423.53957 

PP(l4, 2) 1421.05240 

pP(15, 2) 1418.55073 

pP(l6, 2) 1416.03610 

P(17, 2) 1413.50974 

Ppcia, 2) 1410.97283 

(10) 

(IO) 

(10) 

(IO) 

(IO) 

(IO) 

(IO) 

(10) 

(IO) 

(10) 

(IO) 

(10) 

(IO) 

(10) 

(IO) 

(10) 

7 

15 

a 

12 

9 

a 

7 

12 

9 

7 

10 

a 

12 

14 

16 

13 

10 

14ao.6ala6 (20) 

i482.4s-47 (20) 

14a4.16071 (50) 

1485.90366 (30) 

1487.65072 (100) 

1089.39871 (40) 

1491.14991 (40) 

1492.w42a (10) (200) -39 

1494.66031) (20) 
1496.42012 (30) 

1496.18210 (80) 
14W.94652 (50) 
1501.71358 t50> 

1503.4a310 (60) 
1505.25470 (40) 

1472.21872 * 

1473.92272 (IO) 

1475.62118 (200) 

1477.31511 

i4a9.18217 

(100) 
1479.01004 

(20) 

(50) 

1490.878~0 

i480.70581 (IO) 

taoI 

1402.40092 (20) 
1484.09593 (40) 
i4as.mlio (10) 

1487.48643 (10) 

&ia; 6) 1492.57491 (20) 

qR(l9, 6) 1494.27255 (20) 

qR(2o. 6) 1495.97063 (20) 

qR(21. 6) 1497.66991 (50) 

means of the DECOMP program written by J. W. Brault. To the negative Napierian 
logarithm of the transmittance spectrum we fitted a Voigt profile within a small region 
about an isolated line, with the line amplitude, width, and a form parameter as fitting 
parameters. The line form is represented as a convolution of Dopplerian and Lorentzian 
profile functions with the corresponding parameter describing the relative contributions 
of these two functions. The intensity was estimated both as the product of height and 
width from the fit and as the area under the curve; the consistency of the two values 
was a criterion of the acceptability of the estimates. From these absolute intensities of 
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Transition 

FP(19. 2) 

pp(20. 2) 

pczr, 2) 

pPe2, 2) 

qpt23, 2) 

qP(24, 2) 

tw25, 2) 

qP(26, 2) 

qFY27, 2) 

clP(28, 2) 

qw9, 2) 

WJO, 2) 

w31. 2) 

qP(32, 2) 

ma. 2) 

w34, 2) 

lIw35. 2) 

1408.42637 (10) 13 

1405.87109 (10) 9 

1403.30782 (10) 6 

1400.73719 (20) -1 

1398.15993 A (20) -1 

1395.57649 A (20) -6 

1392.98738 I (20) -14 

1390.39316 A (20) -20 

1387.79417 A (30) -31 

1385.19089 A (30) -41 

1382.58165 A (200, -256 

1379.972TJ A (30) -83 

1377.35863 I (301 -107 

1374.73681 I (300) -612 

1372.12177 A (40) -179 

1369.49951 A (70) -236 

1366.87524 A (100) -289 

pp( 3, 3) 1435.70140 

PP( 3, 3) 1435.70140 

cm 4. 3) 

pP( 4; 3) 

1433.84583 

1433.84583 

pp( 5, 3) 1431.94214 

pm 5, 3) 1431.94214 

PI'< 6, 3) 1429.99224 

FW 6, 3) 1429.99224 

Fe 7, 3) 1427.99891 

&-PC 7, 3) 1427.99891 

pP( 8, 3) 1425.97599 

pP( 8, 3) 1425.96184 

Fw 9, 3) 1423.86586 

Fe 9, 3) 1423.88700 

FWIO. 3) 1421.76290 

&wlO, 3) 1421.77576 

rnll. 3) 1419.61777 

pP(11; 3) 1419.630% 

pP(12, 3) 1417.43946 

pP(12, 3) 1417.45544 

PP(13, 3) 1415.23100 

iel3, 3) 1415.25455 

pP(l4, 3) 1412.99491 

w<14. 31 1413.03766 

pP(l5; 3) 1410.73359 

&wlS, 3) 1410.87140 

pP(16, 3) 1408.44773 

pP(16, 3) 1408.38482 

dvl7. 3) 1406.14034 

pp;17; 3; 1406.10827 

pP(18, 3) 1403.81273 

pP(18, 3) 1403.79097 

Dp(19. 3) 1401.46630 

kv9; 3) 1401.44968 

W(20, 3) 1399.10237 

pp(20, 3) 1399.08880 

dY21. 3) 1396.72230 

pPc21; 3) 13%.71081 

pp(22, 3) 1394.32720 

Fe22, 3) 1394.31733 

Fw23, 3) 1391.91816 

pP(23, 3) 1391.90951 

pP(24. 3) 1389.49611 

(101 10 

(10) 11 

(50) 5 

(50) 12 

(50) 2 

(50) 26 

(50) -26 

(50) 48 

(150) -114 

(150) 136 

(101 11 

(IO) 12 

(IO) 10 

(IO) 16 

(20) 9 

(20) 15 

(10) 3 

(IO, 12 

(20) 1 

(20) -25 

(10) -6 

(10) 0 

(20) -5 

(20) -17 

(20) 30 

(30) -101 

(20) -19 

(80) 133 

(50) -33 

~100~ 97 

(30) -41 

(100) 96 

(60) -53 

(60) 103 

(50) -73 

(80) 99 

(60) -92 

(80) 102 

~100~ -114 

(100) 111 

(100) -138 

(100) 115 

(100) -169 

W24, 3) 

pp(25, 3) 

Fw25, 3) 

W(26. 3) 

pP(26, 3) 

&S-(27, 3) 

pP(27, 3) 

pP(28, 3) 

Fe28, 3) 

pP(29, 3) 

pP(29, 3) 

pp(30, 3) 

pp(30, 3) 

Fe31, 3) 

pp(31, 3) 

pP(32, 3) 

pP(32, 3) 

pP(33, 3) 

pp(33, 3) 

FP(34, 3) 

FP(34, 3) 

w35, 3) 

pP(35, 3) 

d( 4. 4) 

1389.48866 (100) 132 

1387.06,% (2001 -208 

1387.05557 (200) 145 

1384.61661 (200) -248 

1384.61106 (2001 145 

1382.16086 (200) -289 

1382.15622 (200) 161 

1379.69512 * -360 

1379.69169 l 182 

1377.21909 l -562 

1377.21909 l 300 

1374.73681 f -551 

1374.73681 (200) 292 

1372.24592 * -625 

1372.24592 l 202 

1369.74859 * -621 

1369.74859 * 193 

1367.24415 * -658 

1367.24415 * 145 

1364.73338 * -707 

1364.73338 l 67 

1362.21687 * -754 

1362.21687 l 32 

1422.53732 

kJP( 5; 4) 1420.71697 

WC 6. 4) 1418.86818 

pP( 7. 4) 1416.99126 

pP( 8, 4) 1415.08701 

pP( 9, 4) 1413.15601 

FwlO, 4) 1411.l9908 

Fwll, 4) 1409.21728 

Fw12, 4) 1407.21197 

FtYl3, 4) 1405.18531 

W(14. 4) 1403.14250 

iw5; 4) 1401.10260 

pP(16. 4) 1399.22464 

Fw17, 4) 1396.69921 

pMl8. 4) 1394.59746 

Fm19. 4) 1392.44916 

W(20, 4) 1390.27449 

pp(21. 4) 1388.07880 

pp(22. 4) 1385.86424 

W(23. 4) 1383.63233 

pP(24. 4) 1381.38418 

pP(25, 4) 1379.12061 

pP(26. 4) 1376.84251 

pP(27, 41 1374.55052 

W(28, 4) 1372.24592 

pP(29, 4) 1369.92818 

Fw30, 4) 1367.59923 

pp(31, 4) 1365.25896 

~W32, 4) 1362.90877 

pP(33, 4) 1360.54900 

w 5. 5) 1409.29403 

WC 6. 51 1407.49362 

pP( 7; 5) 1405.67420 

FW 8, 5) 1403.83579 

Fw 9. 5) 1401.97871 

F+YlO, 5) 1400.10331 

Frill, 5) 1398.20963 

(IO) 5 

(10) 4 

(101 11 

(IO) 5 

(10) 8 

(10) 9 

(10) 7 

(10) 7 

(10) 8 

(10) 3 

(20) 4 

(10) 0 

(301 -5 

(70) -6 

(20) -9 

(10) -14 

(20) -25 

(20) -30 

(10) -43 

(10) -56 

(10) -67 

(20) -84 

(20) -101 

(201 -131 

(20) -119 

(30) -189 

(30) -220 

(30) -284 

(60) -330 

(60) -391 

(IO) 0 

(IO) -4 

(10) 0 

(10) -3 

(10) -6 

(10) 1 

(10) -5 

pP(12, 5) 1396.29821 

pK13, 5) 1394.36946 

cwl4. 51 1392.42376 

pp;15: 5; 1390.46183 

pP(16, 5) 1388.48457 

PP(17, 5) 1386.49313 

pP(l8, 5) 1384.48985 

pp(19, 5) 1382.47879 

W(20, 5) 1380.46917 

FR21, 5) 1378.48750 

Fw22, 5) 1376.62462 

pP(23. 5) 1373.66564 

pP(24, 5) 1371.73916 

pP(25. 5) 1369.68790 

pP(26, 5) 1367.58601 

pP(27. 5) 1365.45530 

pp(28. 5) 1363.30372 

pP(29, 5) 1361.13527 

FP(30, 5) 1358.95130 

F+'( 6, 6) 1395.97444 

WC 7. 6) 1394.1a801 

pP( 8. 6) 1392.38966 

WC 9, 6) 1390.5TTO2 

pP(10, 6) 1388.75096 

pP<ll. 6) 1386.91176 

~+'(12, 6) 1385.05943 

W(13, 6) 1383.19412 

pP(l4, 6) 1381.31617 

pP(l5, 6) 1379.42556 

~f'(l6, 6) 1377.52272 

fS'(l7, 6) 1375.60791 

W(18, 6) 1373.68159 

W19, 6) 1371.74413 

pP(20, 6) 1369.79637 

pP(21, 6) 1367.83920 

pP(22, 6) 1365.87398 

pP(23, 6) 1363.90301 

Dp(24. 6) 1361.92989 

k'(25; 6) 1359.96134 

pP(26, 6) 1358.01041 

W(27, 6) 1356.10508 

Dp(28. 6) 1354.30434 

h29; 6) 1350.55350 

pP(30, 6) (1348.81115) 

PP( 7. 7) 1382.58165 

pw 8. 7) 1380.80838 

K+Y 9. 7) 1379.02542 

$clo; 7) 1377.23261 

PP(11. 7) 1375.43002 

Fwl2, 7) 1373.61777 

cw13. 7) 1371.79581 

pPc14; 7) 1369.96434 

W(15. 7) 1368.12355 

pP(16. 7) 1366.27341 

W(17, 7) 1364.41410 

pP(18, 7) 1362.54585 

pp(19, 7) 1360.66874 

W(20, 7) 1358.78311 

Fw21, 7) 1356.88917 

W(22. 7) 1354.98737 

(101 -7 

(IO) -4 

(30) -8 

(IO) -10 

(IO) -9 

(IO) -19 

(20) -21 

(10) -20 

(40) -26 

(20) -27 

(20) -33 

(30) -25 

(100) -17 

(20) -48 

(30) -58 

(20) -64 

(20) -85 

(20) -92 

(loo> -154 

(101 -6 

(IO) -10 

(101 -9 

(IO) -10 

(10) -17 

(10) -14 

(10) -14 

(IO) -19 

(20) -13 

(20) -19 

(20) -20 

(30) -22 

(30) -17 

(40) -21 

(10) -17 

(10) -13 

(10) -12 

(101 -5 

(101 -2 

(30) 5 

(30) 12 

(10) 22 

(30) 11 

(20) 33 

(30) 3 

(IO) -18 

(10) -19 

(10) -19 

(10) -21 

(10) -18 

(IO) -24 

(10) -29 

(10) -23 

(10) -22 

(10) -20 

(10) -11 

(10) -6 

(20) 5 

(10) 17 

(30) 37 

vibration-rotational lines, we deduced the appropriate molecular parameters in the 
same manner that we described for PH3 (13). 

Separate Fit to the Frequencies of the Pure Rotational Transitions in the Vibrational 
States v2 = 1 and v5 = I 

We reported previously (6) the measurement of the submillimeter-wave spectra of 
pure rotational transitions in the vibrational states v2 = 1 and u5 = 1 of H3 12CF and 
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#VW, 7; 1353.07815 
m24. 7; 135I.fb202 
PC2S5, 7) 1349.23979 
pPC26, 7; I347.31272 
Fp(27, 7; 1345.38207 
pPC28, 7) 1343.45037 
fPC29, 7; 1341.52069 
Fec30, 7; 1339.59811 
F+Y 8, 8; 1369.11822 
PC 9, 8; 1367.35&&o 
PpClO, 8) 1365.58776 
PpCll, 8; 1363.81167 
pPc12, 8; 1362.02839 
pfY13, 8) 1360.23X10 
PpClb, 8; 1358.44058 
oPfl5. 81 1356.61616 
kl6; 8; 1354.82487 
pPC17, 8; 1353.oodn 
FpCl8, 8; 1351.18188 
FPCl9, a; 1349.35051 
FRZO. a; 1347.51262 
pPc21, a; 1345.66dsc 
LeC22. 
ik23; 

8) 1343.81820 
8; 1341.96207 

pPC24, 8; 1340.10032 
#%25, 8; 1338.23313 

#V26, 8; 1336.36102 
rPC27. 81 1334.48462 
;;28; 8; 1332.bn425 

Fw9. 8; 1330.72071 

pPc30, 8; 1328.83483 
OPC 9. 9) 135S.58763 
bpi10; 9; 1353.23701 
PCll, 9; 1352.O.9117 
ppc12. 9; 1350.32004 
opc13. 91 1348.55371 
pPc14; 9; 1346.78226 
Fw5, 9; 1343.00572 
FPC16, 9; 1343.22405 
dx17. 9f 1341.43739 
bpi1s; 9; 1339.&45?2 

Fec19, 9; 1337.e.4911 

pPc20. 9; 1336.04m 
pPc21, 9) 1334.24141 
nPc22. 91 1332.43039 
pPc23; 9; 1330.61479 
PC24, 9; 1328.79446 
ppc2s. 91 1326.96965 
ppC26, 9; 1325.14062 
PC27, 9; 1323.30734 
ppC28, 9; 1321.4&99& 
pc29,9> 1319.62875 
pPC30‘91 1317.78390 
m31, 9; 1315.93&n& 
pPC32, 9) 1314.08558 
pPC33, 9; Cl312.25170) 
pFx10,10; 1341.w278 
pc11.10; 1340.25301 
Fw12,10; 1338.50962 
Fw13.10; 1336.76242 

(30) 65 
(20) 93 
(201 123 
CM> 173 
(30) 219 
(40) 293 
(40) 368 
(100) 434 
Cl01 -10 
Cl01 -16 
110; -17 
Cl01 -18 
(10) -23 
(10) -24 
(20) -21 
(20) -17 
(20) -6 
(10) 6 
(20) 26 
(20) 63 
(201 10s 
(20) lb2 
(30) 240 
(301 340 
(20) 465 
(30; &OS 
(30) 779 
(40) 1007 
(30) 1268 
(50) 1573 
(50) 1918 
(50) -3 
(10) -10 
(10) -11 
(10) -17 
(10) -24 
(40) -27 
(10) -27 
(20) -32 
C20) -35 
(20) -42 
(301 -52 
(10) -57 
(20, -79 
(20) -103 
Cl01 -129 
(20) -181 
(20) -251 
(30; -326 
(30) -430 
(30) -571 
(30) -748 
(30) -977 
(40) -1231 
(1OOj -1527 

(30) 12 
(10) 7 
(10) 4 
(10) -10 

pc14,10> 1335.01170 
pPct5,10> 1333.25748 
ppC16.10; 1337.49963 
#Yt7.10> 1329.73819 
#w&.lO; t3227.97343 
pPc19,10; 1326.20530 
ppc20,10; 1324.43365 
pPc21,10; 1322.&528& 
pPc22.10; 1320.88063 
PPc23.10; 1319.09916 
cPC24.10) 1317.31484 
bp;ZS;lO; 1315.52742 
F+Y26,10> 1313.73656 
wc27.10; 1311.94320 
pPC28,lO; Cl310.?4598; 
rPC29.?0> Cl308.34711) 
pp;30;10; ;13ob.S4582; 
$fY11,11; 1328.33681 
F?(lz,ll; 132b.bOi95 
lAY13.11; 1324.87658 
ppCl4,ll) 1323.14290 
ppc15.11; 1321.40693 
d'Clb.11~ 1319.&b&5 
ppc17;11; 1317.92810 
pcrs,tt> 1316.18547 
pFC19,lO 1314.44062 

+Pt20,11; 1312.69351 
opt21.11~ 1310.94449 
bPttt;m 1309.19335 
pPC23,lI) 1307.44019 
pP(24.11; 1305.68520 
pPC25.11; 1303.92837 
pPC26.11; 1302.16946 
pP(27.11; Cl300.40598; 
pPC28,ll; (1298.64314; 
rrPt29.11; (1296.871)65> 
~(3O;ll; Cl295.11260; 
ppc12,12; 1314.62274 
pPC13,12; 1312.90479 
oPC14.12) 1311.18548 
pp;15;12; 1309.46497 
pP11&.12> 1307.74329 
#'<17,12; 1306.02031 
~PCl8.12) 1304.29628 
oPC19.12; 1302.57118 
ppczo;12; 1300.81492 
PPc21.12; 1299.11758 
pc22,12; 1297.38934 
pPC23,12; 1295.&6&U 
pP(24.12; 1293.93009 
ppC2S,lZ) t292.19997 
#v26,12) 1290.4&7?7 
@+'C27,12> C12BB.73082; 
pPC28,tZ; Cl286.99654) 
pPC29.12) Cl285.26148; 
pPC30,12; (1283.52572; 
F4v14.13; 1299.1‘670 
Fw5.13; 1297.43951 
~P(16.13; 1295.73224 
F+Y17.13; 1294.02461 

(10) -14 

(10) -9 
(10) -11 
(10) -19 
cm -12 
(10) 0 
(10) 1 
(20) 22 
(30) 28 
(20) 31 
(30) 64 
(40) 93 
(40) 75 
(40) 93 

(10) 38 
(10) 33 
(10; lb 
(10; 6 
(20) 1 
(10) -3 
(10) -8 
(20) 4 
(10; 16 
czo; 19 
130; 45 
(30) 70 
(40) 98 
(30) 143 
(40) 200 
(30) 237 

cm; 62 
(10) 42 
(10; 18 
120; 2 
(10) -4 
(10) -17 
(10) -1s 
(20) -2 
(40) 9 
(10; 24 
(30) 5.5 
(40) 121 
(40) 162 
(30) 222 
(30; 289 

(10) 12 
Cl01 -23 
(201 -30 
(20) -42 

@%18,13) 1292.31665 
pw19,13; 1290.608SO 
pPf20.13; 12!B.9ooob 
FpC21,13> 1287.19149 
pP(22.131 C128S.48331; 
pw3.13> c1283.77430; 
pPC24.13; Cl2@2.O&Sl4; 
rrPC25.13) C1280.3558S; 
&2&;13; Cl278.64646; 
pPC27,13; Cl276.93701; 
pPC28.13; C1275.22753; 
PC29.13; ClZTJ.51807; 
pPC30,13; Cl271.80867; 
Fw14.14; 1287.03221 
Fw15,14; 1285.33705 
PPC16.14) 1283.64228 
pp<l7,14) 1281.94808 
~PP(l8,14> 1280.25417 
pPCl9.14; Cl278.5&2951 
d'C20.14; Cl276.87052; 
~C21;14> Cl27S.lYLl62; 
pPC22.14; Cl2T).LBRP; 
pPC23.14; Cl271.79652; 
pPC244.14; Cl270.10635; 
pP(25.14) C1268.41681; 
@'C26,14~ ClZW.72790; 
wt27,t4; Cl2&5.039&&> 
pPC28,14; C1263.352111 
#%29,14; c1261.66528; 
pPC30,ll) (1259.97921; 
PPCl5.15) 1273.16244 
~PClb,15) 1271.47899 
pPc17.15; 1269.7Y67S 
pPCl8.151 1268.11568 
pPC19.15; Cl266.43985; 
DpC20.15; Cl264.76179; 
k'C21;lS; C12&3.O&9&; 
pPC22.15; Cl261.40937; 
pPC23.15; Cl259.73504; 
pPCN.IS; Cl258.Ob197; 
pPC23,tS; C1256.39018; 
pPC26,lSf Cl254.719701 
pPC27.15) Cl253.OSO53; 
pPc28,ls; c1251.36270; 
~'(29.15; (1249.71622) 
~C3O;lS; Cl248.05111; 
pPClb,lb; Cl259.25125; 
pPCl7,lb; Cl257.S8093; 
cPCl8.16; C1255.91241; 
pPClP;lb; (1254.24572; 
pPC20.16) C1252.58087; 
pPC21.16~ Cl250.9178b; 
oPCZZ.lbf C1249.25671; 
k23;lb) (1247.59743) 
pP<24,1&1 Cl245.%003; 
pPC25.16; Cl244.2#60; 
pPC26.16; Cl242.63087; 
cPC27.16; Cl240.97915; 
pPC28;lb; (1239.32933; 
pPC29,lb; (1237.68144; 

(20) -57 
(30) -bo 
(30) -66 
(30) -63 

(20) -27 
(20) -61 
(50) -100 
(50; -127 
(50) -173 

(50) -156 
(50) -221 
(50; -281 
(50) -343 

their analysis with the publish~ microwave f~uencks ( 4,s ) . A ~rnul~eo~ analysis 
of these data with the wavenumbers of the vibration-rotational transitions of the 
bands v2 and v5 revealed that the component of an A,, A2 doublet at lower frequency, 
namely the transition J = 8 + J = 7, kl = -2 (A, + AI), cannot be assigned to the 
line 396176.71 MHz according to our paper (6), although the calculated frequency 
of that line was in perfect agreement with the experimental value. The reason is the 
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TABLE III-Continued 

Transition !daven*r oh-ca,c Transition YWMUhX Ohs-Calc Transition Uavenwber Ohs-Calc 

pP(30.16) (1236.03549) 

Pa< 1, 1) 1463.73442 

pa< 2, 1) 1464.15467 

Fw 3, 1) 1464.66522 

pa( 4. 0 1465.21110 

pw 5, 1) 1465.768% 

Opt 6. 1) 

pa< 7; 1) 

1466.32255 

1466.86319 

Pa( 8, I) 1467.38570 

rYa( 9, I) 1467.88699 

FcNlO, 1) 1460.36537 

pwll, I) 1468.81998 

pacrr, 1) 1469.25077 

Pxl3, I) 1469.65807 

pac14, 1) 1470.04270 

cQ(lS. 1) 1470.40558 

k16; 1) 1470.74806 

pul7, 1) 1471.07156 

Pw18, 1) 1471.37740 

pac19. 1) 1471.66710 

FN20, 0 1471.94211 

w21. I) 1472.20374 

FQ(22, I) 1472.45347 

M23. 1) 1472.69249 

k(24; 1) 1472.92194 

PQ(25, 1) 1473.14288 

Fa(26, I) 1473.35630 

pP(27, 1) 1473.56300 

Pa(28, 1) 1473.76399 

pX29. 1) 1473.95977 

Px30, 1) 1474.15098 

Pw31, 1) 1474.33807 

pX32, I) 1474.52142 

pQ(33, 1) 1474.70015 

ux34. 1) 1474.87739 

ppc35: 1; 1475.04816 

pa< 2, 2) 1451.91953 

px 3, 2) 1451.53760 

pQ( 4, 2) 1451.07041 

pa< 5, 2) 1450.53199 

Pa< 6, 2) 1449.93799 

pat 7, 2) 1449.29968 

pP( 8. 2) 1448.62501 

Dx 9. 2) 1447.92046 

pacro; 2) 1447.19027 

FQ(11, 2) 1446.43825 

pQ(l2, 2) 1445.66705 

Pw13, 2) 1444.87894 

Fw14, 2) 1444.07569 

px15. 2) 1443.25868 

Pa(16, 2) 1442.42927 

px17, 2) 1441.58848 

Ml8. 2) 1440.73716 

;<19; 2) 1439.87629 

pQ(20, 2) 1439.00635 

Fw21, 2) 1438.12808 

(101 

(10) 

(10) 

(101 

(101 

(101 

(101 

(10) 

(10) 

(10) 

(10) 

(IO) 

(40) 

(20) 

(20) 

(80) 

(20) 

(20) 

(80) 

(10) 

(30) 

(30) 

(20) 

(20) 

(10) 

(10) 

(30) 

(301 

(100) 

(20) 

(20) 

(30) 

(600) 

(200) 

(30) 

(10) 

(10) 

(IO) 

(10) 

(IO) 

(20) 

(10) 

(10) 

00) 

(IO) 

(IO) 

(20) 

(20) 

(IO) 

(10) 

(IO) 

(10) 

(20) 

(10) 

(20) 
_. 

Qx22, 2) 1437.24201 A CZO, 

W23. 2) 1436.34873 A (20) 

~X24, 2) 1435.44855 A (30) 

qx25, 2) 1434.54209 A (30) 

9 

6 

2 

5 

4 

3 

3 

4 

4 

5 

3 

5 

5 

10 

7 

6 

12 

13 

15 

18 

14 

18 

22 

26 

27 

30 

24 

34 

43 

55 

73 

99 

35 

215 

221 

13 

6 

10 

12 

6 

12 

4 

15 

7 

9 

8 

9 

14 

10 

10 

11 

6 

14 

10 

6 

0 

-4 

-19 

-26 

F& 3; 3) 

'W26, 2) 

1440.65867 

px 

1433.62961 

3, 3) 1440.65867 

'M27, 

&-a( 4, 

2) 

3) 

1432.71164 

1440.45769 

PQ( 4. 

~X28, 

3) 

2) 

1440.45769 

F4( 

1431.78828 

5, 3) 1440.21046 

ma(29. 

Fm 5, 

2) 

3) 

1430.85937 

1440.21046 

id< 6, 3) 1439.91946 

pP( 6, 3) 1439.91946 

pat 7. 3) 1439.59851 

Pa( 7, 3) 1439.58435 

FJX 8. 3) 1439.18990 

pat 8, 3) 1439.21106 

pa< 9, 3) 1438.78814 

pa< 9, 3) 1438.80100 

PWIO, 3) 1438.34367 

uxro. 3) 1438.35691 

AlI; 3) 1437.86549 

pxll, 3) 1437.88182 

pa(l2, 3) 1437.35664 

lYxl2, 3) 1437.38020 

pQc13, 3) 1436.81871 

Pw13, 3) 1436.86210 

W(l4, 3) 1436.25596 

Pu14, 3) 1436.39422 

Fml5, 3) 1435.66802 

FWIS, 3) 1435.60509 

P(l6, 3) 1435.05748 

Dp(16. 3) 

Lw17; 3) 

1435.02539 

1434.42572 

Fw17, 3) 1434.40398 

Pa(l8, 3) 1433.77434 

DQ(18. 3) 1433.75771 

pac19; 3) 1433.10459 

Pa(l9, 3) 1433.09101 

Px20. 3) 1432.41769 

pP(20. 3) 1432.40637 

Lvx21. 3) 1431.71491 

P(21; 3) 1431.70496 

lm22, 3) 1430.99681 

pQ(22, 3) 1430.98824 

~W23. 3) 1430.26482 

k23; 3) 1430.25734 

Pa(24, 3) 1429.51956 

1429.51309 

1428.76177 

W(24, 3) 

Pa(25, 3) 

~Q(25. 3) 

W26, 3) 

Pa(26. 3) 

Pa(27, 3) 

Pa(27, 3) 

F4(28. 3) 

W28, 3) 

W29, 3) 

pP(29, 3) 

w30, 3) 

PQ(30, 3) 

(20) 10 

(20) 

A 

17 

(20) 

(20) 

-39 

-4 

(20) 18 

(50) 

A 

-25 

(30) 

(50) 

-41 

49 

(8001 -111 

(800) 

A 

139 

(301 

(10) 

-55 

13 

(101 14 

(10) 

A 

7 

(40) 

(10) 

-128 

14 

(10) 10 

(10) 17 

(50) 5 

(40) 18 

(10) 2 

(10) 10 

(10) 1 

(10) 6 

(500) -77 

(10) -25 

(30) -9 

(IO) -95 

(30) -21 

(10) 129 

(20) -26 

(20) 104 

(IO) -43 

(20) 97 

(20) -57 

(20) 98 

(20) -75 

(20) 97 

(30) -95 

(80) 116 

(601 -103 

(60) 115 

(100) -144 

(100) 116 

(100) -170 

(100) 128 

(200) -205 

(200) 140 

t -253 

* 128 

* 357 

* 153 

* -354 

II 198 

l -547 

f 314 

l -606 

t -37.3 

. -597 

* 230 

1428.75610 

1427.99891 

1427.98773 

1427.21185 

1427.20853 

1426.41963 

1426.41963 

1425.61899 

1425.61284 

1424.80980 

1424.80980 

Fu31. 3) 1423.99141 * -638 

pP(31, 3) 1423.99141 l 176 

Pa(32, 3) 1423.16490 * -665 

pP(32. 3) 1423.16490 l 138 

pa(33, 3) 1422.33027 l -724 

px33, 3) 1422.33027 * 70 

pa< 4, 4) 1429.23162 

FM 5, 4) 1429.08513 

PX 6. 4) 1428.91033 

pa( 7. 4) 1428.70785 

Pat 8, 4) 1428.47820 

IYX 9, 4) 1428.22227 

Pa(l0, 4) 1427.94094 

pull, 4) 1427.63551 

FQ(l2, 4) 1427.30822 

px13, 4) 1426.96411 

lYx14, 4) 1426.62233 

PQ(15. 4) 1426.44195 

~Q(16, 4) 1425.61284 

oo(17. 4) 1425.20677 

k(l8; 4) 1424.75333 

Fm19, 4) 1424.27267 

Pw20, 4) 1423.76986 

pu21, 4) 1423.24733 

ca(22. 4) 1422.70635 

bt23; 4) 1422.14795 

Pa(24, 4) 1421.57307 

Fx25, 4) 1420.98237 

uX26. 4) 1420.37666 

h27; 4) 1419.75657 

pP(28. 4) 1419.12267 

@(29, 4) 1418.47594 

FJx30. 4) 1417.81619 

Fa(31, 4) 1417.14517 

W32, 4) 1416.46313 

Fw33, 4) 1415.77090 

U-A 5. 5) 1417.70908 

A( 6; 5) 1417.59151 

Pa< 7, 5) 1417.45544 

PO< 8, 5) 1417.29863 

!=a( 9, 5) 1417.12381 

rn(lO. 5) 1416.93037 

kll; 51 1416.71860 

Pa(l2, 5) 1416.48890 

Fw13, 5) 1416.24175 

pP(l4. 5) 1415.97761 

FWIS. 5) 1415.69736 

Wl6. 5) 1415.40225 

w17, 5) 1415.09442 

Pa(l8, 5) 1414.77803 

Wl9. 5) 1414.46210 

Fm20, 5) 1414.17304 

pQ(21. 5) 1414.00191 

FQ(22. 5) 1412.73359 

v-X23, 5) 1412.49341 

Pa(24. 5) 1412.13392 

FQ(25, 5) 1411.71911 

~W26. 5) 1411.27424 

k27; 5) 1410.80739 

1~x28, 5) 1410.32213 

(10) 9 

(IO) 7 

(IO) 4 

(IO) 7 

(IO) 5 

(10) 9 

(IO) 9 

(10) 6 

(10) 2 

(10) 1 
(20) 3 

(10) 3 

(30) -2 

(10) -9 

(10) -17 

(IO) -22 

(IO) -36 

(20) -44 

(20) -56 

(20) -72 

(20) -84 

(IO) -105 

(50) -124 

(20) -150 

(30) -,*9 

(30) -211 

(200) -291 

(40) -338 

(100) -388 

(300) -446 

(IO) 0 

(10) 6 

(100) 86 

(10) 0 

(10) -2 

(101 -5 

(10) -8 

(10) -9 

(10) -5 

(10) -7 

(10) -11 

(IO) -1.3 

(40) -22 

(20) -15 

(10) -21 

(20) -35 

(20) -36 

(30) -28 

(300) -344 

(30) -36 

(20) -55 

(30) -71 

(30) -80 

(20) -95 

accidental coincidence of the energy level J = 7, kl = -2 (larger A block, AZ symmetry) 
with the level J = 7, kl = + 1 (AZ) ( AE = 0.552 cm-’ ) and the “2, - 1” Z-type interaction 
between them. The frequency 396176.71 MHz of this line is too large by about 32 
MHz, which was compensated by the slightly modified values of the parameters Ag, 
A<; and q12, with respect to which the frequencies of the pure rotational transitions 
are less sensitive because of the selection rules Ak = 0. AZ = 0. 



STATES v2 = 1 AND v5 = 1 OF H3’%F 157 

TABLE III-Continued 

Transition uav-r o5s-Celc Transition YBVdT o!Ss-Catc Tr.smitim usuwr ObWCSlC 

pPt29, 5) 1409.a2o66 

pnc30, 5) 1409.3O39O 

ppc31, 5) 1408.77273 

pPt32, 5) 1408.22828 

ppt33, 5) 1407.67033 

rrPt 6. 6) 14Ob.10433 

iOC 7; 6) 1406.00383 

Ppt 8. bf lM.89399 

!X!t 9, 61 1405.76834 

PatlO, 6) 1405.62898 

Pptll. 6) 1405.476G2 

PaC12, 6) 1405.3G951 

pPC13, 6) 1405.12938 

pPt14. 6) 1404.93649 

pOt15. 6) 14o4.no39 

~Qttb, 6) 1404.51159 

pPc17. 6) 1404.28044 

cQt18. 6) 1404.03728 

kC19; 6) 1403.Xi287 

FJx20, 6) 1403.51804 

pPt21, 6) 1403.24426 

@CZZ, 6) 1402.96369 

Pat23, 6) 1402.67979 

1xX24, 6) 1402.39923 

p)C25, 6) 1402.13517 

@X26. 6) 1401.91337 

pOt27, 6) 1401.79901 

rSt28, 61 1399.75121 

pQt29. 61 1399.67114 

pOt30. 61 13w.44611 

Pat31. 6) 13W.12972 

Pat32, 6) 1398.76163 

pPt33. 6) 139.5.36Q59 

Nt34. 6) 1397.93347 

FQC 7. 7) 1394.42161 

px 8, 7) 1394.33899 

pot 9, 7) 1394.24618 

EaCfO, 71 1394.14306 

Fmll, 7) 1394.02974 

oat12. 7) 1393.90621 

pac13; 7) 1393.77256 

pac14. 7) 1393.62882 

Fwl5. 7) 1393.47506 

1xX16. 7) 1393.31134 

F4c17; 7) 1393.13783 

FQC18, 7) 1392.95467 

ppc19, 7) 1392.76202 

px20. 7) 1392.36015 

dC21. 7) 1392.34940 

isc22; 7) 1392.13011 

Pat23. 7) 1391.90293 

~Qt24. 7) 1391.&J&33 

mc25. 7) 1391.42763 

&b; 7) 1391.18223 

pPt27, 7) 1390.93437 

pcrC28, ?> 139o.68728 

paC29.7) '1390.44393 

ppc30, 7) 1390.21867 

P9c31. 7) 1390.01995 

pat a, 8) 1382.66623 

(30) -95 

(80) -114 

(50) -153 

(801 -165 

(100) -211 

(100) 42 

(10) -9 

(10) -9 

(10) -11 

(10) -12 

(10) -10 

Cl01 -12 

(20) -18 

(10) -19 

(10) -20 

(30) -19 

(10) -13 

(10) -16 

(50) -14 

Cl01 -17 

(10) -11 

(20) 0 

Cl01 4 

(20) 4 

(20) 11 

(20) 13 

(20) 10 

(30) 41 

(20) 81 

(20) 123 

(30) 152 

(30) 175 

(30) 217 

(50) 233 

(10) -8 

ClOf -15 

cto1 -13 

(10) -19 

(10) -21 

(10) -23 

(10) -22 

(10) -20 

Cl01 -19 

(10) -16 

(10) -11 

Ctof -2 

(10) 7 

(10) 21 

(10) 45 

(10) 71 

(100) 108 

(20) 131 

(20) 170 

(20) 218 

(20) 302 

(20) 359 

(40) 429 

(50) 506 

(50) 564 

(10) -13 

#It 9. 8) 1382.59695 

pQc10. 8) 1382.31988 

PaCll, 8) 1382.43517 

PQc12. 8) 1382.34274 

ppc13. 8) 1382.24264 

feac14, 8) 13B2.13488 

PttClS, 8) 1382.01952 

#x16, 8) 1381.89653 

ppc17, 8) 1381.76602 

$xxL 8) 1381.62817 

mc19, 8) 1381.48282 

p4C20, 8) 1381.33027 

poc21. 8) 1381.17ob8 

w22. 8) 1381.00399 

dlc23. 8) 1380.83061 

i4tM; 8) W30.65079 

pPC23. 8) 138O.4b917 

mc26. 8) 13au.27322 

0X27. 81 1380.07627 

Ppcza; 8) 1379.87492 

Pac29. 8) 1379.&983 

wc30, 8) 1379.46231 

Ppc 9, 9) 137o.84138 

PpClO, 9) 1370.78398 

PsCll, 9) f37O.72Wl 

poc12, 9) 1370.65207 

#x13, 9) 1370.57743 

FXIC, 9) 137o.49703 

isiCf3. 9) 1370.41083 

pPtl6, 9) 1370.31879 

pPc17, 9) 1370.22100 

FQC18, 9) 1370.11738 

Fac19, 9) 1370.00801 

Ppczo, 9) 1369.89287 

Pw21, 9) 1369.77198 

Px22, 9) 1369.643M 

VX23, Pf 1369.31296 

pPc24, 9) 1369.37503 

pPc23, 9) 1369.23144 

pc1t26, 9) 1369.O8243 

rcc27. 9) 1368.92807 

pPc2kl; 9) 1368.76854 

pPt29. 9) 1368.60402 

PQc30, 9) 1368.43522 

opc31. 9) 136S.26176 

kt32; 9) 1368.0#,63 

#xlO,lO~ 1338.95130 

Pwl,IO) 1338.W379 

Fw12.10) 1358.83351 

cQc13.10) 1358.79919 

ppc14;lo) 1350.74046 

pPc13.101 1358.67746 

pPt16.10) 1358.61020 

FQC17,10) 1358.33876 

fs~l8,lO~ 1358.46308 

p9c19.10> ~358.3829b 

grc20.10, 1338.29a69 

pczl,lo) 1338.21000 

w22,10) 1338.11714 

p1C23.10) 1358.02011 

(10) -13 

(10) -19 

(10) -19 

(10) -19 

Cl01 -18 

(10) -13 

(10) -3 

001 8 

(10) 28 

(10) 69 

Cl01 108 

(20) 168 

(IO) 253 

(20) 344 

(20) 464 

(20) 615 

(300) 1231 

CM> 1024 

(20) 1276 

(20) 1586 

(40) 1936 

(40) 2342 

(10) 6 

(10) -7 

(10) -t2 

(10) -14 

Cl01 -20 

(10) -22 

CID) -25 

(IO) -33 

(10) -37 

(20) -48 

(20) -58 

(20) -73 

(10) -94 

(20) -132 

(20) -179 

(20) -237 

(20) -326 

(20) -433 

(20) .s75 

(20) -752 

(20) -974 

(20) -1208 

(30) -1334 

(50) -1910 

csoo> 164 

Cl01 2 

(10) -11 

Cl01 -3 

Cl01 -10 

(20) -16 

(20) -19 

(10) -11 

(10) 3 

(10) 5 

(IO) 22 

(20) 26 

(30) 40 

(100) 64 

$aC24,10) 1357.91880 

99c25.10) 1357.81326 

~.X26,10) 1357.7o347 

pPt27,lO) 1337.58996 

&w28.10) Cl337.47103) 

pQt29,lO) (1337.34947) 

pOC30.10) (1337.22424) 

pOCll,ll) (1346.99449) 

wc12,11> 1346.95Wl 

Fec13,111 1346.92181 

p9C14,ll) 1346.88080 

Fac13.1'1) 1346.03675 

Patlb.11) 1346.78961) 

pPc17.11) 1346.73996 

pQCl8,ll) 1346.68681 

!Yxl9,ll) 1346.63039 

paC200,~l) 1346.37156 

pPC21,fll 1346.5o938 

f.m22,11> 1346.444o9 

i-X23,11) 1346.37594 

Pt24,ll) 1346.30453 

Pac25,10 1346.23026 

pX26,ll) (1346.14994) 

pPC27.11) t1346.Ob898) 

tm28.10 c1343.96501> 

;tPP;ll> ;1343.89& 

pp<30,11> c1345.85833> 

pc12,12> Cl334.9789o) 

idtl3.12) 1334.93507 

;t14;12) 1334.92883 

~9tl3.12) 1334.90068 

~4tl6,12) 1334.87070 

opC17.12) 1334.83876 

~;18;12) 1334.80482 

pOtl9,12) 1334.7603 

!st20,12> 1334.75093 

Pw21,lZ) 1334.69080 

pPC22,12) 1334.641186 

pOt23,12) 1334.bo4w 

Pt24,12) 1334.558.5a 

pw25,12) 1334.51095 

pX26.12) 1334.46103 

~Ot27.12) Cl334.40585> 

pcz.5.12> Cl334.34867) 

*c I. I> 1467.56167 

!m 2. 1) 1469.77575 

pllc 3; 11 1472.02484 

PRC 4, 1) 1474.28378 

PRC 5, 1) 1476.54206 

Pat 6, 1) 1470.78540 

FJRC 7. 1) 1481.01009 

pat 8, 0 1483.21319 

pat 9. 0 t483.39291 

FuClO, 1) 1487.34852 

pRc11, 1) 1489.67960 

Fmia, 0 1491.78b72 

pRc13. 0 i493.67o4b 

pac14, 1) 1495.931a5 

PRClS. 1) 1497.97258 

pRC16. 1) 14W.W260 

(20) 80 

(20) 91 

(30) 89 

(30) 119 

(10) 31 

(10) 11 

(10) 2 

Cl01 -9 

ClooO) -16 

(20) 1s 

(20) 14 

(20) 14 

(20) 44 

(20) 89 

C2Of 95 

(30) 146 

(30) 181 

(30) 240 

(20) 22 

(20) 0 

(20) -17 

(20) -16 

(30) -8 

(20) 2 

(30) 13 

130) 4b 

(20) 63 

CZO) lo4 

(301 171 

(30) 223 

(30) 311 

(30) 412 

Cloo) 1 

cw 10 

(30) 6 

(10) 7 

ClOO) -7 

CIOO) 7 

(10) 6 

(10) s 

(10) 2 

(20) 10 

(10) 4 

120) 7 

Cl01 7 

(2-0) 6 

(50) 53 

(20) 11 

The results of the new fit to the 202 pure rotational transition frequencies (J < 13) 
which did not involve the frequency of the J = 8 + 7, kl = -2 (A, + AZ) line are 
given in Table I. The frequency of this line is predicted to be 396 144.26 MHz. 

Separate Fit to the Infrared Data 

We have assigned 2046 lines in the region 1250- 1600 cm-’ in which the bands ZQ 
and v5 of HJ*‘CF appear, including 85 lines of the Ak = +2 forbidden transitions 
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TABLE III-Continued 

w17. 1) 

Fw 9, 2) 

FN18. 0 

FMl9, 0 

pR(20. 1) 

d(l0. 2) 

pRc21, I) 

pR(22, I) 

pR(23, I) 

pR(24, 1) 

PR(25, I) 

Lw26. 1) 

W(27, 1) 

W(28. 1) 

W29. 0 

lw30, 1) 

pu( 2. 2) 

PR( 3, 2) 

pR( 4, 2) 

pR( 5, 2) 

PIN 6. 2) 

Pu 7, 2) 

!N 8, 2) 

1501.99470 (IO) 

1503.97960 (20) 

1505.94897 (IO) 

21 pR(ll, 3) 1457.80928 

12 Fwl2, 3) 1458.94497 

13 Fwl2, 3) 1458.98772 

36 w13, 3) 1460.08045 

lb Fwl3, 3) 1460.21769 

38 FNl4, 3) 1461.19090 

21 Pw14, 3) 1461.12780 

32 pFxl5, 3) 1462.27703 

69 Fw15, 3) 1462.24670 

29 pR(16. 3) 1463.34273 

27 pR(16. 3) 1463.32101 

(300) 312 

(30) -10 

(10) -21 

(50) -12 

(90) -200 

(50) -11 

(60) 123 

(20) -21 

(200) 211 

(20) -48 

(20) 94 

(40) -59 

(30) 103 

(50) -69 

(30) 106 

(50) -94 

(70) 91 

(40) -122 

(30) 102 

(40) -145 

(40) 108 

(30) -171 

(30) 130 

(30) -223 

(30) 140 

(40) -249 

(40) 150 

(40) -285 

(50) lb5 

(50) -375 

(50) 204 

pR(29, 4) (1469.00311) 

pR( 5, 5) (1427.806853 

FW 6, 5) 1429.37194 

pR( 7, 5) 1430.91738 

PFX 8, 5) 1432.44370 

DR( 9. 

b?cto; 

5) 1433.95084 

51 1435.43931 

Fwll, 5) 1436.90935 

PR(l2, 5) 1438.35691 

Pml3, 5) 1439.79543 

Fa(14, 5) 1441.21308 

PKl5, 5) 1442.61518 

pR(16, 5) 1444.00354 

FN17, 5) 1445.38262 

pwl8, 5) 1446.76127 

pR(19, 5) 1448.16597 

pR(20, 5) 1449.68765 

FN21, 5) 1450.11088 

pR(22, 5) 1451.56432 

W23, 5) 1452.89123 

pR(24, 5) 1454.16998 

pR(25, 5) 1455.40738 

pIU26, 5) 1456.62643 

pR(27, 5) 1457.82580 

PR(2.3. 5) 1459.00722 

pR(29, 5) (1460.17382) 

pR(30, 5) 1461.32122 

pR( 6. 6) (1417.92092) 

FW 7. 6) 1419.50845 

pR( 8. 6) 1421.08536 

PM 9. 6) 1422.64632 

DR(lO. 6) 1424.19314 

(20) 12 

(20) 0 

(20) 0 

(10) -12 

(20) -11 

(IO) -5 

(500) -438 

(20) -21 

(10) -15 

(10) -7 

(20) -21 

(20) -14 

(IO) -24 

(20) -30 

(20) -23 

(20) -32 

(20) -51 

(30) -57 

(300) 439 

(30) -66 

(30) -77 

ml, -92 

00) -130 

1507.90429 (80) 

1509.84620 (30) 

1511.77673 (20) 

1513.69621 (20) 

1515.60632 (30) 

1517.50797 (100) 
1519.40094 (50) 

1521.28711 (80) 
(1523.16649) 

(1525.04013) 

(1526.90816) 

1456.64799 (50) 

1457.88383 (50) 

pncrr, 3) 1464.38732 

wl(17. 3) 1464.37076 

pncre; 3) 1465.41272 

Fwl.3, 3) 1465.39917 25 

14 

-390 

19 

42 

-185 

2 

35 

17 

9 

15 

4 

396 

626 

14 

Fw19, 3) 1466.41993 

oR(l9. 3) 1466.40836 1459.04431 (500) 

1460.15722 (1000) 

1461.22153 (1000) 

1462.24678 (200) 

1463.24573 (IO) 

pRc20; 3) 1467.41014 

pR(20, 3) 1467.40026 

Fw21, 3) 1468.30440 

pR(21. 3) 1468.37575 

1466.09485 

1464.21724 

(IO) 
1467.00649 

(1000) 

(10) 

1467.90216 

1465.16583 (10) 

(20) 

1468.78751 (500) 

1469.65807 (500) 

1470.50805 (IO) 

1471.35274 (10) 

1472.10715 (20) 

1473.01152 (20) 

1473.82647 (20) 

1474.63279 A (30) 

1475.43067 A (60) 

1476.22061 A (1001 

1477.00328 A (30, 

1477.77872 A (30) 

1478.54710 A (100, 

W(22, 3) 1469.34353 

dt(22. 3) 1469.33607 

kd11; 2) 

Fwl2, 2) 

Fw13, 2) 

Fwl4, 2) 

FMl5, 2) 

pRtl6. 2) 

Fff(l7. 2) 

FR(l8, 2) 

pw19, 2) 

PR(20, 2) 

qR(21. 21 

qR(22, 2) 

qR(23, 2) 

W24, 2) 

W25. 2) 

+X26, 2) 

qW27, 2) 

W28. 2) 

qR(29, 2) 

qR(30, 2) 

FM 3, 3) 

FM 3, 3) 

pR( 4. 3) 

Fw 4. 3) 

FM 5, 3) 

Fe< 5, 3) 

F+!( 6, 3) 

pR( 6. 3) 

pR( 7. 3) 

F+l( 7. 3) 

pR( 8, 3) 

FW 8. 3) 

Fm 9, 3) 

Fe< 9, 3) 

FWIO, 3) 

FNlO, 3) 

Fwll, 3) 

k(23; 3) 1470.28809 

pR(23, 3) 1470.28181 

pR(24, 3) 1471.21937 

dt(24. 3) 1471.21388 

k25; 3) 1472.13769 

pR(25, 3) 1472.13305 

pR(26, 3) 1473.04323 

pR(26. 3) 1473.04018 

-180 

-6 

-10 

-18 

-26 

-17 

-12 

-18 

-44 

-23 

-17 

-12 

-4 

-4 

-4 

2 

-1 

lb 

10 

4 

530 

109 

124 

135 

(101 

(101 

(10) 

(1001 

(101 

(1001 

(101 

(200) 

(20) 

(10) 

(IO) 

(20) 

(10) 

(IO) 

(IO) 

(50) 

(20) 

(30) 

(30) 

14 

11 

-3 

-4 

-17 

-36 

-29 

-28 

-48 

-77 

-120 

pR(27, 3) 1473.93666 * -512 

pR(27, 3) 1473.93666 = 350 

pR(28, 3) (1474.82545) 

pRt28, 3) (1474.81702) 

rrR( 4. 4) (1437.59965) 

k(ll; 6) 1425.72591 

pR(12, 6) 1427.24491 

pR(13, 6) 1428.75002 

pR(l4, 6) 1430.24134 

pR(15. 6) 1431.71901 

pR(16. 6) 1433.18399 

pR(17, 6) 1434.63608 

oR(l8. 6) 1436.07599 

pR( 5; 4) 1439.12735 (20) 7 

pR( 6. 4) 1440.62699 (20) 12 

rJR( 7. 4) 1442.09898 (101 -1 

FW 8, 4) 1443.54456 (IO) 15 

Fw 9, 4) 1444.96410 (10) 9 

Fu(l0, 4) 1446.35908 (10) 0 

1479.30881 A (30) 

1480.06408 A (30) 

~1480.81491~ A 

0481.558b.3) A 

1447.27059 (20) 

1447.27059 (0) 

1448.72611 (20) 

1448.72611 (01 

;(19; 61 1437.50463 

pR(20, 6) 1438.92321 

pR(21, 6) 1440.33390 

pR(22, 6) 1441.74038 

oR(23. 6) 1443.14900 

Wll, 4) 

Fwl2, 4) 

pnc13, 4) 

Fwl4. 4) 

PFxl5. 4) 

pR(16, 4) 

pR(l7. 4) 

pR(18, 4) 

FNIP, 4) 

6 

0 

1447.73103 (101 

1449.08702 (101 

1450.44396 (101 

1451.96217 (50) 

1452.83046 (90) 

1454.12049 (80) 
1455.36271 (40) 
1456.57693 (IO) 
1457.76805 (20) 

1458.93848 (50) 
1460.09088 (100) 

1461.22153 (200) 

1462.33700 (20) 

Puzo, 4) 

dtR(21. 4) 

55 

57 

4 

-10 

-15 

-32 

-43 

86 

.I15 

-73 

PlN22; 4) 

kW23, 4) 

pR(24, 4) 1463.44044 (400) 455 

dl(25. 4) 1464.51658 (301 -123 

5 

29 

-22 

52 

k24; 6) 1444.57313 

pR(25, 6) 1446.04010 

W26, 6) 1447.60932 

W27, 6) 1447.23077 

pR(28, 6) 1448.84906 

pR(29, 6) 1450.30530 

pR(30, 61 1451.66884 

d( 7. 71 (1407.95228) 

A( 8; 71 (1409.55987) 

Fe< 9, 7) 1411.15639 

pR(lO. 7) 1412.74253 

p?crr. 7) 1414.31821 

Fw12. 7) 1415.88294 

Fwl3, 7) 1417.43946 

Ffxl4, 7) 1418.98035 

1450.13772 (100) -107 

1450.13772 (0) 143 (500) 

(70) 1451.51904 (10) 

1451.50482 (IO) 

1452.81240 (10) 
1452.83282 (500) 

1454.11216 (50) 

14 

8 

8 

-58 

4 

0 

0 

10 

(701 

(70) 

1454.12491 (500) 

1455.36884 (101 
(IO) -39 

(500) -44 

(20) -22 

(20) -23 

(200) 228 

(20) -12 

1455.38206 (IO) 

1456.59138 (IO) 

1456.60776 (IO) 

1457.70267 (10) 

h(26; 4) 1465.58257 (20) -158 

W27, 4) 1466.63373 (30) -179 

pR(28, 4) 1467.67167 (100) -87 

14 

0 

induced by the “2, - 1” I-type interaction between the +1, K and -I, K + 1 levels in 
the u5 = 1 vibrational state. As illustrated by Fig. 2, there are close coincidences and 
level crossings between the +I, K and -1, K + 1 levels that give rise to the Ak = +2 
forbidden transitions. As can be seen in Fig. 1, the “2, - 1” l-type interaction in such 
cases strongly perturbs the otherwise regular subbranches of the v5 band and leads to 
the transitions allowed by perturbations. 
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TABLE III-Continued 

rransirim uav-r ObS-CalC Transition !Iavdr ohs-caic Trsnsitim uavcnukr ObS-CalC 

@l(lS, 7) 

Ffxl6. 7) 

pR(l7, 7) 

pn(l8, 7) 

FwlP, 7) 

d(20. 7) 

pat21; 71 

pR(22. 7) 

pR(23, 7) 

pR(24, 7) 

pR(23, 7) 

pR(26. 7) 

d((27. 7) 

pRcz(I; 7) 

pR(29, 7) 

pnoo, 7) 

FM 8. 8) 

pR( 9, 8) 

pR(lO. 8) 

pRc11, 8) 
pR(l2, 8) 

pR(l3, 8) 

pR(l4, 8) 

pR(l3, 8) 

pR(l6, 8) 

pR(l7, 8) 

pR(l8, 8) 

pR(l9, 8) 

pR(20, 8) 

FN21. 8) 

Fw22. 8) 

pR(23. 8) 

pR(24, 8) 

w(25, 8) 

Fv 9. 9) 

FwlO, 9) 

Fwll, 9) 

pR(l2, 9) 

pR(l3. 9) 

Fwl4. 9) 

pR(13, 9) 

pR(l6, 9) 

Pul7. 9) 

Fwl8, 9) 

FwlP, 9) 

FN20, 9) 

Fw21, 9) 

Fw22, 9) 

pR(23. 9) 

pR(24, 9) 

d(23. 9) 

1420.51302 

1422.03313 

1423.34629 

1423.04797 

1426.33917 

1428.02039 

1429.49193 

1430.93408 

1432.40637 

1433.83612 

1433.29738 

1436.73469 

1438.f7292 

(1439.w)B33) 

(1441.06168) 

(1442.34192) 

(1397.90669) 

(1399.32923) 

(1401.14337) 

1402.74921 

1404.34737 

1403.93700 

1407.3lM)9 

1409.09112 

1410.63606 

1412.21240 

1413.76019 

1413.30033 

1416.83219 

1418.33634 

1419.87236 

1421.38092 

(1422.87442) 

(1424.56660) 

(1387.78826) 

(1389.42380) 

(1391.03303) 

1392.67368 

1394.29208 

1393.90250 

1397.30353 

1399.10237 

1400.69276 

1402.27623 

1403.83324 

1403.42339 

1406.98&9 

1408.34344 

1410.09376 

1411.63674 

1413.17342 

(1414.70897) 

1471.42343 

1470.00209 

1468.70094 

1467.30366 

1466.39921 

1463.56494 

1464.38038 

1465.49174 

(20) -9 

(IO) -2 

rPil0, 01 

rFY11, 0) 

wc12, 0) 

rpc13, 0) 

rpc14, 0) 

rP(l3, 0) 

rP(l6, 0) 

rP(l7, 0, 

rP(l8, 0) 

rP(l9, 0) 

rP(20, 0) 

rP(21, 0) 

rP(22, 0) 

rP(23, 0) 

rP(24, 0) 

rP(23, 0) 

rP(26. 0) 

rP(27, 0) 

rP(28, 01 

rpc2-9, 0) 

rP(30, 0) 

rP(31, 0) 

rP(32, 0) 

rP( 3. 1) 

rP( 4, I) 

rP( 3, 1) 

rP( 6. 1) 

rP< 7. 1) 

rP( 8, I) 

rP( 9, 11 

rP(10, 11 

rPc11, 11 

rpt12, 1, 

rP(l3, 1, 

TPC14, 1) 

w13, I) 

rP(16, 11 

rP(l7, I) 

rP(l8, I) 

rP(l9, 1) 

rP(20, 1) 

rP(21, 1) 

rP(22, 1) 

rP(23, 1) 

rP(24, I) 

rP(23, 1) 

rP(26, 1) 

rP(27, I) 

rPc28, 1) 

rPC29, 1) 

rP(30, 1) 

rP(31. 1) 

1462.39860 (101 

1461.74362 ilOO 

17 

14 

-142 

13 

10 

13 

-25 

21 

8 

4 

rP(l1, 2) 

rP(l2, 2) 

rP(l3, 2) 

rP(l4, 2) 

rP(l3, 2) 

rP(l6, 2) 

rpc17, 2) 

rP(l8, 2) 

rP(l9, 2) 

rP(20. 2) 

rpt21; 2) 

rpt22, 2) 

rP(23, 2) 

rP(24. 2) 

rP(23, 2) 

rP(26, 2) 

rP(27, 2) 

rP(28, 2) 

rP(29, 2) 

rpc30, 2) 

rP(31, 2) 

rP(32, 2) 

rP( 3, 3) 

rP( 6, 3) 

rP( 7, 3) 

rP( 8, 3) 

rP( 9. 3) 

rP(l0. 3) 

rP(l1. 3) 

rP(12. 3) 

rP(l3, 3) 

rP(l4, 3) 

rP(lS. 3) 

rPC16, 3, 

VP(17. 3) 

1479.79218 

1478.44114 

1477.11879 

1473.82397 

1474.33362 

1473.31243 

1472.09225 

14M.89271) 

1469.70880 

1468.33074 

1467.33134 

1466.01954 

1463.80913 

1464.37214 

1463.46273 

1462.40983 

1461.38839 

1460.38807 

1459.41330 

1458.45299 

1437.30830 

(1436.3rn3) 

14w.34301 

1497.77364 

1496.23106 

1494.71413 

1493.22317 

1491.75763 

1490.31704 

148-8.%0% 

1487.30746 

1486.14026 

1484.79446 

1483.47069 

1482.16840 

1480.88662 

1479.62436 

1478.38061 

1477.13387 

1475.94217 

(1474.74313) 

1473.33023 

1472.36232 

1471.16083 

1469.91849 

1308.47374 

1306.90936 

1503.56562 

1303.84398 

1302.34416 

1300.86613 

1499.40914 

1497.97238 

1496.53793 

1493.16273 

1493.78732 

1492.43116 

1491.09351 

1489.77406 

1488.47232 

(101 

(101 

(101 

(10) 

(20) 

(10) 

(10) 

(20) 

(20) 

(10) 

(20) 

(20) 

(100) 

(20) 

(100) 

(30) 

(70) 

(400) 

(40) 

(70) 

(60) 

(20) 

(100) 

(IO) 

(100) 

(10) 

(IO) 

(10) 

(10) 

(200) 

(10) 

(10) 

(10) 

(20) 

(10) 

(20) 

(20) 

(20) 

(20) 

(200) 

(30) 

(20) 

(30) 

(50) 

(20) 

(30) 

(10) 

(10) 

(10) 

(30) 

(80) 

(10) 

(10) 

(20) 

(20) 

(20) 

(201 

(40) 

3 

6 

13 

10 

6 

12 

1 

8 

(40) -39 

(IO) 12 

(20) 34 

(30) 31 

(30) 58 

(301 32 

(200) -139 

(230) 174 

(70) 239 

(40) 296 

(200) 511 

1460.91897 

1460.11791 

1439.33380 

1438.36323 

1437.80928 

1437.06329 

1456.33019 

1433.60333 

1434.08337 

1434.16998 

1433.46182 

1432.75841 

1432.03941 

1431.36366 

1430.67146 

1449.98217 

1449.29966 

1448.61157 

1447.92827 

1447.24731 

1446.36742 

1480.78302 

1479.2lM)6 

1477.69321 

1476.21341 

1474.78238 

1473.39299 

1472.03133 

1470.74806 

1469.48075 

1468.25663 

1‘67.06874 

1465.91049 

7464.76029 

1463.4627, 

1462.82076 

1461.76415 

1460.76172 

1439.79193 

1438.84848 

1437.92791 

1437.02800 

1436.14648 

1455.28193 

1454.43269 

1433.39731 

1432.77323 

1431.96217 

1431.16443 

1430.37406 

(200) 

(200) 

(20) 

(20) 

(30) 

(200) 

(10) 

(20) 

(20) 

(200) 

(20) 

(10) 

(30) 

(30) 

(20) 

3 

3 

-1 

-2 

-2 

17 

-8 

-9 

-13 

406 

37 

-45 

-32 

-66 

-7 

4 

-3 

0 

23 

-14 

-56 

-10 

-99 

-21 

-20 

-327 

-5 

-1 

47 

(20) 

(400) 

(10) -47 

(30) -14 

(20) -3 

(20) -13 

(10) 4 

(JO) 33 

(30) 79 

(100) 

ilool 

(70) 

(70). 

(20) 

(10) 

(10) 

(100) 

(100) 

(10) 

(500) 

(300) 

(10) 

(10) 

(10) 

(20) 

(200) 

(70) 

(10) 

(IO) 

(60) 

(30) 

(10) 

(20) 

(20) 

(10) 

(20) 

(20) 

(20) 

(30) 

(200) 

(50) 

(50) 

(20) 

(20) 

(30) 

(10) 

(IO) 

(10) 

(10) 

-13 

11 

-4 

-3 

0 

0 

0 

-141 

(20) 84 

(20) 179 

(30) 227 

(601 344 

(80) 431 

(80) 397 

447 

463 

8 

11 

12 

14 

-136 

59 

11 

4 

5 

2 

5 

0 

0 

-6 

-3 

-3 

-10 

-208 

-25 

-10 

2 

-20 

-10 

-14 

-3 

-6 

7 

-3 

-71 

-5 

-9 

-3 

0 

-13 

-24 

-17 

rP(l8, 3) 

rP(l9, 31 

rP(20, 3) 

rP(21, 3) 

rP(22, 3) 

rP(23, 3) 

rP(24, 3) 

rpt23, 3) 

rP(26, 3) 

rP(27, 3) 

rP( 6, 4) 

rP( 7. 4) 

rP( 8. 4) 

rP( 9, 4) 

rPcl0. 4) 

rP(l1, 4) 

rpc12, 4) 

rpc13, 4) 

rP(l4, 4) 

rP(l3, 4) 

rPC16, 4) 

rpt17, 4) 

rP(18, 4) 

rpc19, 4) 

rP(20. 4) 

(20) -22 

(20) -28 

(20) -3 

(20) -29 

(80) -39 

(20) -34 

1 

-3 

4 

-3 

-2 

-5 

-2 

13 

-222 

8 

-5 

-7 

-8 

-7 

-5 

0 

0 

5 

(20) -58 

(20) -65 

(30) -94 

(20) -123 

(30) -185 

(30) -212 

(301 -321 

(40) -418 

(30) -34 rP(32; I) (1449.39283) 

(10) 3 rP( 4, 2) 14%.11188 

(100) 3 rP( 3, 2) 1488.34138 

(10) 3 rP( 6. 2) 1487.00368 

(30) 7 rP( 7. 2) 1483.49843 

(101 10 rP( 8, 2) 1484.02323 

(1001 7 rP( 9, 2) 1482.58548 

(10) 12 rP(10, 21 1481.17273 

k26; 9) 

rP( 2, 0) 

rP( 3, 0) 

rP( 4. 0) 

rP( 3. 0) 

rP( 6. 0) 

rP( 7, 0) 

rP( 8, 0) 

rw 9, 0) 

Because of the strong mixing of the wavefunctions mainly by the x-y Coriolis 
interaction and in some cases also by the “2, - 1” I-type interactions, one has to take 
care to assign to the spectral lines the standard labels XP, XQ, “R (x = p, q, r) for the 
conventional transitions AK = -1, 0, +l and the labels YP, YQ, YR (y = o, s) for the 
perturbation-allowed transitions AK = -2, +2. We based our assignments on the 
comparison of the absolute values of the coefficients of mixing of the wavefunctions 
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Transition uavermher Ohs-catc Transition UWe"WtEr Obs-Calc Transition usvenunber Obr-Calc 

rP(21, 4) 

rP(22, 4) 

rp<23. 4) 
rP(24, 4) 

rP(25. 4) 

rP(26; 4) 

rP(27, 4) 

rP(28, 4) 

rP(29, 4) 

rP(30, 4) 

rP( 7, 5) 

rP( 8, 5) 

rP( 9, 5) 

rP(l0, 5) 

rP(l1, 5) 

rP(12, 5) 

rP(13. 5) 

rPCl4, 5) 

rP(l5, 5) 

rP(16, 5) 

rP(l7, 5) 

rP(l8, 5) 

rP(l9, 5) 

rP(20, 5) 

rP(21. 5) 

rP(22; 5) 

rP(23. 5) 

rP(24, 5) 

rP(25, 5) 

rP(26, 5) 

rP(27, 5) 

rP(28, 5) 1488.44011 

rP(29, 5) (1487.21414) 

rP(30, 5) <1486.00037, 

rP( 8, 6) (1526.44048) 

1496.02193 (20) -31 

1494.72266 (200) -190 

1493.44058 (20) -59 

1492.17073 (40) -72 

1490.91326 (30) -145 

1489.66200 * -818 

1487.18732 (20) -22 

1485.91861 (20) -10 

1484.66494 (20) -21 

1483.42574 (20) -16 

1482.19949 (30) -27 

1480.98508 (30) -20 

1479.78043 (50) -11 

1478.58309 (30) 9 

1477.38925 (80) 31 

(1476.19279) 

1517.50797 (100) -105 

(1515.94664) 

1514.40403 (501 10 

1512.88068 (20) -2 

1511.37604 (20) 7 

1509.89189 (20) 2 

1508.42576 (20) -1 

1506.97824 (20) 4 

1505.54870 (20) -12 

1504.13726 (20) -5 

1502.74316 (20) -18 

1501.36639 (30) -12 

1500.00622 (20) -21 

1498.66250 (201 -17 

1497.33445 (501 -31 

rP( 9. 6) 1524.88294 

rPtl0. 6) 1523.34263 

rP;ll; 6; 1521.82019 

rP(l2, 6) 1520.31491 

rP(l3, 6) 1518.82839 

rP(14, 6) 1517.35577 

rPfl5. 6) 1515.90150 

rP(16. 61 1514.46366 

rP(17, 6) 1513.04172 

rP(l8, 6) 1511.63584 

rP(l9, 6) 1510.24565 

rP(20, 61 1508.87030 

rP(21, 6) 1507.5103, 

rP(22. 6) 1506.16464 . 
rP(23, 6) 1504.83321 

rP(24, 6) 1503.51529 

rP(25, 6) 1502.21086 

rP(26, 6) 1500.91917 

rP(27, 6) 1499.63996 

rP(28. 6) 1498.37244 

rP(29, 6) 1497.11617 

rP(30, 6) (1495.87053) 

rP( 9. 7) (1535.26854) 

rP(l0; 7) 1533.71486 

rP(l1, 7) (1532.17945) 

(50) 310 

(20) 26 

(10) 7 

(IO) 18 

(20) 9 

(500) 158 

(50) 2 

(30) 10 

(20) 15 

(20) -7 

(10) -13 

(20) -7 

(50) -41 

(30) -28 

(30) -36 

(50) -33 

(20) -50 

(20) -46 

(20) -50 

(50) -37 

(40) -31 

(30) -20 

(100) -102 

rP(l2, 7) 1530.65979 

rP(l3. 7) 1529.15463 

M14. 7) 1527.66697 

rpt15. 7) 1526.19294 

rP(l6, 7, 1524.73543 

rP(l7. 7) 1523.29255 

rP(18, 71 1521.86456 

rP(19, 7, 1520.45113 

rP(20, 71 1519.05196 

rP(21, 7) 1517.66716 

rP(22, 71 1516.29375 

rP(23, 7) 1514.93847 

rP(24, 71 (1513.59449) 

rP(25, 7) 1512.26288 

rP(26, 7) (1510.94333) 

rP(27, 7) (1509.63593) 

rP(2.3, 7) (1508.34012) 

rP( 1. 0) 1474.69288 

rC!< 2; 0) 1474.700,5 

rat 3, 0) 1474.71095 

rw 4. 0) 1474.72539 

rat 5, 0) 1474.74341 

rP( 6. 0) 1474.76496 

rP( 7. 01 1474.7a994 

m( a, 0) 1474.81827 

rP( 9. 0) 1474.84974 

ra<10, 0) 1474.88402 

racrr, 0) 1474.92033 

va(l2, 0) 1474.95655 

m13, 0) 1474.98466 

rw14. 0) 1474.94012 

rac15. 01 1475.19587 

rW16, 01 1475.22305 

rac17. 0) 1475.27444 

rO(l8; 0) 1475.33394 

m19, 0) 1475.39998 

ru20, 01 1475.46988 

rat21. 0) 1475.54370 

rat22, 0) 1475.62118 

rW23, 0) 1475.70225 

rQ(24, 01 1475.78670 

rQ(25, 0) 1475.87445 

rP(26. 0) 1475.96548 

rP(27; 0) 1476.05971 

rP(28, 0) 1476.15707 

rW29. 01 1476.25752 

rcN30, 01 1476.36099 

rw3,, 01 1476.46750 

rQ(32, 01 1476.57691 

va(33, 0) 1476.68927 

rw34. 0) 1476.80447 

va(35, 0) 1476.92231 

r'X36, 0) 1477.04304 

rP( 2, 1) 1485.89434 

rat 3. 1) 1466.02972 

rat 4. 1) 1486.21004 

ra< 5. 1) 1486.43503 

rP( 6. 1) 1486.70431 

rw 7. 1) 1487.01736 

rat a. 1) 1487.37329 

(100) 69 

(100) -4 

(90) 98 

(30) 8 

(50) 36 

(50) 17 

(20) 0 

(30) -23 

(30) -54 

(40) -53 

(300) -289 

(30) -54 

(30) 15 

(50) 6 

(50) 8 

(10) 3 

(20) 2 

(IO) 2 

(10) 4 

(SO) 5 

(IO) 7 

(10) 9 

(100) 13 

(100) 17 

(50) 24 

(20) 55 

(40) 144 

(10) -79 

(30) -52 

(10) -35 

(100) -83 

(10) -29 

(20) -30 

(80) -32 

(100) -38 

(30) -38 

(50) -41 

(10) -48 

(60) -53 

(20) -60 

(60) -68 

(30) -76 

(20) -86 

(20) -90 

(IO) -98 

(20) -98 

(20) -97 

(20) -109 

(30) 91 

(50) -1 

(10) -1 

(10) 0 

(10) 0 

(10) 0 

(10) 4 

(20) 4 

rw 9, 1) 1487.77110 

rCN10, 11 1488.20919 

racr1, 11 1488.68570 

racr2, 1) 1489.19741 

m13. 1) 1489.73826 

ra<14, 1) 1490.28809 

ra<15, 1) 1490.68630 

vXl6, 11 1491.74182 

ra<17. I) 1492.38139 

ra~l.3, 11 1493.07428 

rac19, 1) 1493.79881 

ra<20, 1) 1494.54882 

rx21. 1) 1495.32069 

ra<22, 11 1496.11206 

rO(23. 1) 1496.92414 

rQ(24, 11 1497.74534 

rW25, 11 1498.58406 

rP(26. 11 1499.43534 

r'X27, 1) 1500.29828 

rP(28, 1) 1501.17167 

rW29, 11 1502.05429 

rw30, 1) 1502.94516 

rw 3, 2) 1496.92414 

rw 4. 2) 1497.05774 

rw 5, 2) 1497.22278 

i-P< 6. 2) 1497.42009 

i-P< 7. 2) 1497.64887 

w a, 2) 1497.90889 

rat 9, 2) 1498.19940 

ra<10, 2) 1498.51968 

racrr, 21 1498.86902 

mY12; 2) 1499.24623 

rw13, 21 1499.65048 

vx14, 21 1500.07914 

ru15. 2) 1500.53505 

rW16. 2) 1501.01186 

rw17, 2) 1501.50829 

rQ~l8, 2) 1502.01963 

r-x19. 2) 1502.53590 

rat20, 2) 1503.03000 

rP(21, 2) 1503.41043 

rlx22, 2) 1504.89164 

rP(23, 2) 1505.34428 

rP(24, 2) 1505.92482 

m25. 2) 1506.55892 

ra(26, 2) 1507.22409 

rP(27. 2) 1507.91225 

rP(28; 21 1508.61808 

r'X29, 2) 1509.33992 

Fa(30, 2) 1510.07609 

rat 4. 3) 1507.85854 

rP( 5, 3) 1507.99194 

rP( 6. 3) 1508.15137 

rw 7. 3) 1508.33661 

rP( 8, 3) 1508.54730 

w 9. 1508.78283 

mro; 

3) 

3) 1509.04294 

ra<rr, 3) 1509.32700 

ra<rz, 3) 1509.63442 

ru13, 3) 1509.96475 

(10) 9 

(50) 8 

(10) 15 

(10) 15 

(20) 11 

(20) 15 

(10) 10 

(10) 12 

(10) 6 

(20) 9 

(20) 0 

(30) 2 

(20) 0 

(10) 1 
(500) 329 

(20) -1 

(201 5 

(201 -8 

(201 -4 

(50) 11 

(60) 21 

(70) 21 

(150) -119 

(10) -8 

(10) -7 

(30) 5 

(IO) -2 

(10) 0 

(10) 3 

(10) 5 

(1001 16 

(10) 9 

(20) 5 

(150) -138 

(IO) 9 

(IO) 7 

(10) 4 

(10) 3 

(20) 3 

(20) -1 

(10) -7 

(10) -12 

(10) -18 

(20) -12 

(10) -14 

(70) -23 

(100) 16 

(20) -9 

(70) -17 

(50) -4 

(40) -10 

(10) -7 

(IO) -10 

(20) -7 

(100) 1 

(10) -2 

(10) 1 

(10) 1 

(200) -3 

(10) 0 

for a given vibration-rotational level. This method leads to unambiguous assignments 
except for the lines qX(J”, K = 2) and “X(.7’, K = 2) (X = P, Q, R) for which for J 
= 18-23 the wavefunction IO, 1” ; J, k = i 1) has the largest contribution simulta- 
neously to two perturbed wavefunctions. In this case (cf. Table II) assignments ob- 
viously cannot be unambiguous; we have used a convention that is obvious from 
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m14, 31 1510.31718 

w15, 3) 1510.69102 

rPf16. 3) 1511.08544 

ru17; 3) 1511.49960 

r4<1a. 3) 1511.93247 

Fa(T9, 3) 1512.38284 

rQ(20, 3) 1512.84924 

w21, 3) 1513.32977 

va(22, 3) 1513.82178 

rQ(23, 3) 1514.32090 

rQ(24, 3) 1514.82025 

rPf25. 3) 1515.30609 

rW26, 3) 1515.7'5012 

rQ(27, 3) 1516.09270 

m2a. 3) 1518.38811 

rP(29, 3) 1510.67689 

Px30, 3) 1519.13137 

w31, 3) 1519.67407 

rQ(32. 3) 1520.27428 

w33, 3) 1520.90412 

rP(34, 3) 1521.55653 

rcrc 5, 4) 1518.69286 

rQ( 6, 4) 1518.82839 

rP( 7, 4) 1518.98660 

rat a, 4) 1519.16626 

w 9. 4) 1519.36743 

mt10, 4) 1519.58971 

va(ll, 4) 1519.83276 

rw12, 4) 1520.09620 

vxl3, 4) 1520.37961 

rw14. 4) 1520.68250 

rw15, 4) 1521.00436 

rU16, 4) 1521.34461 

rSx17. 0 1521.70285 

ro<,a, 4) 1522.07836 

vx19, 4) 1522.47046 

ra<20, 4) 1522.87846 

rLx21, 4) 1523.30163 

rac22. 4) 1523.73094 

rP(23, 4) 1524.18946 

ra<24, 4) 1524.65199 

W25, 4) 1525.12501 

rP(26, 4) 1525.60644 

rW27, 4) 1526.09392 

va(28, 4) 1526.58357 

Fa(29, 4) 1527.06990 

ru30, 4) 1527.54395 

vx31. 4) 1527.99138 

rP(32, 4) 1528.38828 

rat 6. 5) 1529.42635 

PQ( 7. 5) 1529.56542 

mc a, 5) 1529.72467 

rat 9. 5) 1529.90134 

r0<1o. 5) 1530.09758 

rw11, 5) 1530.31233 

Pa(l2, 5) 1530.54531 

Px13, 5) 1530.79618 

rlx14. 5) 1531.06457 

rot15, 5) 1531.35010 

rU16, 5) 1531.65234 

(101 1 

(10) 1 

(10) -1 

(10) -2 

(10) -3 

(10) -4 

(10) -8 

(10) -11 

(10) -6 

(10) -15 

(10) -9 

(10) -5 

(10) 6 

(10) 31 

(40) 17 

(IO) 10 

(20) 20 

(200) -277 

(30) 44 

(20) a7 

(40) 90 

(10) -7 

(50) -35 

(10) -1 

(IO) 0 

(10) 2 

(10) 1 

(IO) 0 

(IO> -2 

(20) -1 

(20) -2 

(20) -4 

(10) -14 

(10) -12 

(10) -14 

(20) -16 

(20) -20 

(30) -18 

(10) -23 

(IO) -26 

(20) -23 

(20) -17 

(20) -19 

(30) -4 

(30) 14 

(20) 48 

(20) a9 

(70) 156 

(70) 266 

(10) 7 

(20) 3 

(a01 88 

(IO) 10 

(10) a 

(10) 5 

(10) 3 

(20) 2 

(10) 0 

(10) -3 

(20) -11 

rw17, 5, 1531.97096 

mla, 5) 1532.30543 

rw19, 5) 1532.65537 

rac20, 5) 1533.02007 

w21. 5) 1533.39920 

rw22. 5, 1533.79210 

rP(23, 5) 1534.19823 

rP(24, 5) 1534.61683 

rQ(25, 5) 1535.04643 

r'X26, 5) 1535.48016 

rP(27, 5) 1535.94380 

m2a. 5) 1536.40334 

rP(29, 5) 1536.87149 

va(30, 5, 1537.34621 

rQ( 7. 6) 1540.05692 

w a, 6) i54o.wa7 

.P( 9, 6) 1540.36006 

rQ(l0, 6) 1540.53741 

racll. 6) 1540.73153 

rW12, 

(1549.01524) 

6) 

1549.48673 f 

1550.58260 

1540.94226 

rQ(13, 6) 

1550.72966 

1541.16935 

rQ(l4, 

155o.89278 

6) 

1551.07141 

1541.41281 

rP(l5, 6) 

1551.26484 

1541.67119 

rQ(16, 

1551.47440 

6, 

1551.69826 

1541.94560 

rQ(17, 6) 

1551.93675 

1542.23466 

rwia, 

1552.18960 

6) 

1552.45658 

1542.53876 

rWl9. 6) 

1552.73716 

1542.85692 

rQ(2o. 6) 

1553.03127 

1543.ta922 

rQ(21, 

1553.33837 

6) 

1553.65823 

1543.53467 

rU22, 6) 

1553.99053 

1543.89371 

rQ(23, 

1554.33488 

6) 

1554.69057 

1544.26513 

rW24, 6) 1544.64873 

rQ(25, 6) 1545.04392 

rQ(26, 6) 1545.45020 

rW27, 6) 1545.86696 

m28, 6) 1546.29354 

rQ(29, 6) 1546.72955 

rW30, 6) t547.1na1 

rQt31, 6) 1547.62567 

rQ(32, 6) 1548.08412 

rW33. 6) 1548.54839 

rQ(34, 6) 

rQC35, 6) 

rat a. 7) 

rQ( 9, 7) 

rQ(lO, 7) 

rw11, 7) 

rw12, 7) 

Pa(13, 7) 

vx14, 7) 

ru15, 7) 

rW16, 7) 

racrr, 7) 

m18. 7) 

rw19, 7) 

ratzo, 7) 

rat21, 7) 

rat22, 7) 

rP(23, 7) 

rQ(24, 7) 

ObS-CalC Transition uavewr ohs-caic 

- 

(101 -14 

(IO) 

(401 

-19 

(20) 

(10) 

-1s 

(10) 

(10) 

-31 

(IO) 

(10) 

-37 

(10) 

(200) 

-44 

(10) 

(20) 

-47 

(30) 

(10) 

-52 

(10) 

(10) 

-136 

(800) 

(10) 

-904 

(20) 

(10) 

316 

(100) 

(20) 

230 

(100) 

(20) 

235 

(30) 

(10) 

281 

(10) 

(IO) 

27 

(lo) 

(10) 

24 

(10) 

(40) 

18 

(10) 

(20) 

20 

(IDI 15 

(10) 13 

(10) 14 

(50) 48 

(20) o 

(40) 15 

(10) -11 

(20) -6 

(20) -26 

(10) -25 

(20) -41 

(IO) -43 

(20) -49 

(10) -49 

(30) -52 

(10) -50 

(20) -47 

(20) -46 

(20) -17 

(20) -1 

(40) 20 

(50) 44 

(70) 101 

rO(25, 7) 1555.05769 

rPC26, 7) 1555.43551 

rP(27, 7) 1555.82365 

m2a. 7) 1556.22192 

rQ(29, 7) 1556.62915 

TP(30. 7) 1557.04554 

rac31; 7) 1557.46953 

m 9, a) 1561.00085 

~10, a) 1561.15298 

~~ii. a) 1561.319Bl 

~12. 8) 1561.50087 

m13. a) 1561.6%03 

racer. 8) 1561.90515 

~~15, a) 1562.12803 

rQ(l6. 8) 1562.36A36 

m17, 8) 1562.61399 

m18, 8) 1562.87630 

~~19, 8) 1563.15149 

m20. 8) 1563.43916 

~~21; 8) 1563.73874 

~~22, a) 1564.05014 

rQ(23, 8) 1564.37295 

rQ(24, a) 1564.70677 

rQ(25, 8) 1565.05141 

rQ(26, a) 1565.40645 

rQ(27. a) 1565.77131 

m2a. a) 1566.14586 

rPC29, 8) 1566.52974 

rQ(30, 8) 1566.92236 

PP(10, 9) 1571.31046 

ru11, 9) 1571.46803 

+x12, 9) 1571.63913 

rcNl3, 9) 1571.82351 

rw14, 9) 1572.02126 

M15, 9) 1572.23208 

rQ(16, 9) 1572.45556 

rP117. 9) 1572.69163 

98 

50 

25 

31 

31 

-21 

26 

15 

2 

-10 

-13 

-25 

-36 

-39 

-36 

-60 

iwia, 9) 1572.94000 

r0<19. 9) 1573.20039 

vat20. 9) 1573.47259 

m21. 9) 1573.75640 

rl?c22. 9) 1574.05114 

rO(23, 9) 1574.35724 

rU24, 9) 1574.67365 

r-X25. 9) 1573.00052 

rU26, 9) 1575.33726 

rQ(27, 9) 1575.68348 

m28, 9) 1576.03913 

rP(29, 9) 1576.40379 

vx30, 9) 1576.77725 

rO(31. 9) 1577.15797 

ra(ii.~o) (i581.51095) 

rP(12.10) 1581.67288 

rQ(13.10) 1581.84899 

rP(14.10~ 1582.03802 

rQ(15.10) 1582.23938 

rP(16.10) 1582.45317 

r0~17.10~ 1582.67871 

mt18.10) 1582.91630 

~0~19.10~ 1583.16562 

(30) -57 

(20) -59 

(201 -57 

(20) -24 

(20) -24 

(20) 13 

(50) -8 

(50) 13 

(20) 14 

(20) 30 

(10) 33 

(30) 28 

(20) 25 

(10) 25 

(20) 20 

(20) 22 

(IO) -1 

(20) -6 

(20) -2 

(20) -14 

(30) -19 

(30) -25 

(30) -39 

(30) -43 

(60) -41 

(30) -49 

(301 -50 

(20) -30 

(30) -7 

(50) -38 

(20) -21 

(20) -10 

(10) -14 

(30) -3 

(60) 12 

(20) 15 

(10) 19 

(20) 21 

(20) 19 

(20) 17 

(20) 25 

(20) 3 

(20) 24 

(20) 15 

(20) 22 

(20) 21 

(50) 7 

(30) 10 

(30) 25 

(30) 69 

(70) 28 

(100) -130 

(100) -124 

(60) -92 

(60) -73 

(20) -36 

(20) -28 

(20) 3 

(20) 51 

Table II. The results of the fit do not of course depend on the choice of labels that we 
attach to individual spectral lines. 

Using a nonlinear least-squares procedure to minimize the sum of the weighted 
squares of the differences between the experimental and calculated transition wave- 
numbers, we obtained the values of 7 parameters of the u2 band and of 2 1 parameters 
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TABLE III-Confirmed 

r0c20.10~ 1583.42604 

r0c21.10) 1583.69721 

ro(22.10) 1583.97927 

rP(23.10) 1584.27177 

rPC24,iO) 1584.57S49 

ra(25.101 1586.88755 

r(ltZb,lO> C1585.20864> 

rQC27.10~ 1585.54t57 

rP(28,10~ (1585.66070) 

rOC29.10> Ct58b.22983) 

rOC30;10> Cl586.587221 

raC12.111 (1591.59977) 

rixl3,11> fl591.76947) 

r4Clt‘lf) $591.94798 

rPCl5.11) 1592.14277 

rQ(l6,lll 1592.34912 

rPcl7.11~ 1592.f6711 

ram;11; 1592.79663 

rPCl9,llf 1593.oMBo 

rPc20,ll) 1593.28wa 

rO(21,ll) 1593.55086 

rQC22,ll) Clp93.82168) 

rPC23.11> Cl594.10387) 

rPC24,lt) ~1594.395941 

rR( 0. 0) 1476.5345S 

rw 1. 0) 1478.51983 

rR( 2. 01 1480.62532 

rR( 3. 0) 1482.83649 

rRC 4. 0) 1485.13598 

rRC 5. 0) 1487.30746 

FR< 6, 0) 1489.92757 

rR( 7, 0) 1492.4b281 

rRC 8, Ot 1494.95249 

rflc 9. 0) 1497.50230 

ruc10, 0) 1550.07914 

rRcl1, 0) 1502.67615 

rRCl2, 01 $505.29105 

rRc13, 0) 1507.92014 

rnc14. 0) 1510.5M)Pl 

ru15; 0) 1513.21121 

rRCl6. 0) 1515.86942 

rllc17, 5) 1518.53413 

PR(l8, 0) 1521.20619 

PRCl9. 01 1523.87839 

rRC2o. ot 1526.3561b 

r&x21, 01 1529.23645 

rRC22, 01 1531.91889 

rR(23, 5) 1534.60278 

rRC24, 0) 1537.28756 

rRf25, 0) 1539.972!81 

rR(26, 5) 1542.65810 

rRC27. 0) 1545.34298 

MC28, 0) 1548.027a3 

rRC29. 0) 1550.70972 

rRC30, 0) 1553.39055 

rR(31. 51 155&.obtB3 

rRc32; 0; t558.74292 

rPx33. 0) 1561.41026 

rlH34, 0) 1564.O6160 

rR(35, 5) C15&66953) 

(20, 77 

(30) 73 

(30) 79 

(30) 77 

(30) 175 

(3s) 116 

(35) 137 

cm -339 

(30) -253 

(25) -193 

(35) -132 

(25) -58 

(20) -37 

(20) 80 

(40) 120 

(100) 6 

(10) 9 

(10) 4 

(10) 7 

(IO> 8 

150) 44 

(10) 7 

(50) 13 

CM)) -25 

(10) 17 

C150) 75 

Cl01 11 

(20) 13 

(501 11 

(20) 12 

(20) 6 

(20) 3 

(505) 2 

(20) 6 

(20) -4 

(201 0 

(20) -12 

(10) -12 

(20) -12 

(10) -16 

(30) -19 

Cl01 -21 

(10) -23 

C30) -28 

(20) -42 

(35) -62 

(20) -83 

(251 -146 

(30) -2b3 

(40) -503 

rRC 1, 1) 1489.30166 

rR( 2, 1) 1491.14016 

rR( 3. 0 1493.02378 

rnc 4, I) 1494.95249 

rR( 5, 1) 1496.92414 

rR( 6, 1) 1498.93953 

rltc 7, 1) lSoO.99770 

rRC 8, 1) 1503.W728 

rR( 9, 1) 1555.23bal 

rRCl0, 1) 1507.41bl5 

ruc11, I) 1509.62617 

rRCl2, If 1511.86692 

n7Cl3, 1) 1514.11586 

rRClb. 1) 1516.21259 

rRc15; 11 1518.%580 

rRCl6, 1) 1521.30295 

rR<l?, I) 1523.69148 

rRc$a. 1) 1526.11137 . 
rlIc19, 1) 1528.55377 

rR(20, 11 1531.02104 

rR<21, I) 1533.50474 

rR(22, 1) 1536.50475 

rRC23, I> 1538.51967 

rRC24, 1) 1541.04739 

rRC25, I> 1543.58665 

rRc26, 1) 1546.13620 

rR(27, I> 1548.69478 

rRCZ8, 1) 1551.26484 

rR(29, 0 1553.83482 

rRC30, I> 1556.41449 

re32, 1) 1558.99899 

rffc32, 0 1561.58842 

rltc33, I> 1564.18129 

rRC34, I) 1566.77734 

rRc35, 1) 1569.37594 

rRC 2, 2) 1552.03548 

rRC 3. 2) 1503.871?3 

rRf 4, 2) 1505.73912 

rRC 5, 2) 1507.63912 

rRC 6, 2) 1509.57043 

rRc 7, 2) 1511.53257 

rRC 8, 2) 1513.52478 

FRC 9, 2) 1515.54637 

rR<tO, 2) 1517.59639 

rRfl1, 2) 1519.67407 

rR(lZ, 2) 1521.77800 

rRCl3, 2) 1523.90719 

ruc14, 2) 1526.ObOl9 

rRCl5. 2) 1525.23452 

rRO6; 2) 1530.42783 

rRC17, 2) 1532.63532 

rRcl8, 2) 1534.84669 

rRCl9, 2) 1537.03519 

rR(20, 2) 1539.10883 

rR<Zl, 2) 1542.20236 

rRC22, 2) 1544.42637 

rRC23, 21 1546.69691 

rRc24, 2) 1549.02516 

rR(25, 2) 1551.37320 

rR(26, 2) 1553.74753 

(20) 24 

(1001 -4 

Cl01 0 

(601 67 

Cl001 20 

(10) 4 

(10) 8 

Cl01 9 

(10) 12 

(10) 12 

(200, 7 

(20) 13 

(10) $2 

(20) 11 

(25) 5 

ClOO) 53 

(10) 7 

(20) 2 

(50) 6 

(10) 1 

(10) -4 

(10) -ia 

(10) 0 

(10) -2 

(20) -4 

<lOI -t 

(10) 3 

(100) 360 

(30) 16 

(201 38 

(50) 27 

(20) M 

(50) 78 

(35) 104 

(300) -40 

(10) -5 

(10) -6 

(10) -9 

(10) -1 

(10) -1 

(15) 2 

(10) 1 

(101 5 

(10) 2 

(10) tb 

(20) 8 

(20) 10 

(50) 27 

(30) 8 

110) 2 

(30) 8 

(20) -2 

(20) 1 

(10) -15 

(10) -2t 

(50) -17 

(10) -19 

(1000) 49a 

(15) -11 

(15) -8 

rRC27, 2, 1556.1389U 

rrx28, 2) 1558.54419 

rRC29, 2) 156(1.%339 

rRC30, 21 1563.39337 

rrlc31. 2) 1565.83362 

rRC32. 2) 1568.28319 

rRC33; 2) 157o.74103 

rRC3b. 2) 1573.20662 

rrfc35, 2) 1375.68348 

rRC 3, 3) 1514.67131 

rRC 4. 3) 1516.50761 

rRC 5. 3) 1518.36959 

rR( 6, 3) 1520.25710 

CRC 7, 3) 1522.16978 

rRC 8, 31 1524.1069O 

rRC 9, 3) 1526.06814 

rR(10. 3) 1528.05285 

rRfl1, 3) 1530.06050 

rRCl2, 3) 1332.O9031 

rRCl3, 3) 1534.14174 

rRCl4. 3) 1536.21379 

rRC15, 3) 1538.35575 

rRcl6, 3) 1540.41663 

rRCl7, 3) 1542.54541 

rRc18. 3) 1544.m94 

rRC19, 31 I546.85149 

rR(20. 31 lSb9.02518 

ru21, 3) 1551.20938 

rRC22, 3) 1553.39965 

rR(23, 3) 155s.58891 

rRC24. 3) 1557.76366 

rRf25, 3) 1559.89533 

riH26, 3) 1561.92432 

rRC27, 3) 1565.90489 

rRC28, 3) 1567.87733 

rRC29. 3) 157a.51411 

rw30; 3; 1572.24076 

rR<Jl, 3) 7374.51735 

rRC32, 3) 1376.82477 

rRc33, 3) 1579.15385 

rRC34. 3) v81.49878 

rRc35, 3) 1583.85688 

rR( 4, 4) 1527.20755 

rRC 3. 41 1529.04570 

rRC 6, bl 1530.90569 

rR( 7. 1) 1532.78715 

rRC 6, I) 1534.68962 

rRC 9, 4) 153b.61289 

rRfl0. 41 1538.35641 

rRCl1, 41 1540.51981 

rRcl2, 6) 1542.50250 

rRC13, 4) 1544.50417 

rRCl4, 4) 1546.52b55 

rRCl5, 4) 1548.56176 

PRClb. 4) 1555.6x.45 

rRCl7, 4) 1552.68772 

rRCl8. 4f 1554.77469 

rR(l9; 4) 1556.87643 

rRt20, 4) 1558.99279 

rRC21, 4) 1561.12206 

Cl01 -2 

(40) -52 

(20) 15 

(30) 26 

130) 45 

130) bo 

(30) b9 

(50) 9S 

CJOOI 361 

Cb5> -12 

(15) -3 

(10) -15 

(30) -10 

Cl01 0 

(10) -3 

(SO) -1 

(10) -2 

(10) 1 

CZOf -2 

(20) 5 

(20) 1 

(30) -1 

(25) -6 

(800) -9 

ClOf -2 

Cl02 -6 

ClO5~ -11 

(10) -6 

(50) -11 

(10) -15 

(101 -4 

(IO) 7 

(20) 34 

(30) 27 

(IO) 13 

(30) 2% 

(30) 35 

(25) 52 

(200) 70 

(20) 117 

(25) 135 

(30) -37 

(IO) 1 

($0) -3 

G?o) -1 

(IO) 2 

(10) -1 

(IO) 2 

(15) 1 

(IO) 2 

((0) -4 

(10) 0 

(201 -5 

(20) -1 

(10) -16 

(10) -9 

(101 -12 

(500) -18 

(60) -15 

(201 -21 

of the vs band that are listed in Table I. The parameters of the ground state were 
constrained in this separate fit to the previous values ( 11) except for A0 and I$$, 
which were taken from Ref. ( 9). 

Simultaneous Fit of the Microwave, Submillimeter- Wave, and Infrared Data 

Comparison of the parameters obtained from the separate fit of the pure rotational 
transition frequencies in the states v 2 = 1 and u5 = 1 with those obtained from our 
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TABLE III-Continued 

Transition Yavmrrbcr ObS-CalC Transitim uavenudaer Ob-Calc Transition uwan&er OlS-CalC 

rR(22, 4) 

rw3. 4) 

1963.26361 

156S.4lS79 

lS67.ST749 

1569.74647 

lS71.92003 

1574.094s9 

1576.26440 

lVCL4205S 

lSW.54l371 

1582.62466 

1%4.61105 

(1506.45963) 

(lS86.lS230) 

(1569.70133) 

1539.64179 

1541.48271 

1543.34264 

lS45.22117 

1547.11813 

1549.03300 

1550.%574 

lSS2.9lS67 

lSSL.a82S7 

1556.865115 

1556.86521 

1560.88005 

1562.91093 

1564.95449 

(20) -12 

(50) -25 

(20) -t4 

(20) -5 

(30) -1 

(30) 20 

(30) 50 

(30) 66 

(50) 160 

(30) 250 

(40) 425 

rR(24, 6) 1567.48163 

rR(25, 61 t509.57493 

rR(26, 6) 1591.67718 

rR(15, 9) 1599.64225 

rR(l6, 9) (1601.57282) 

rR(17. 9) (1603.51502) 

rRO8. 91 (1605.46842) 

rR(l9. 9) (1607.43270) 

rRi20; 9) (1609.40755) 

OP( 6, 3) 1425.42376 

oP(14, 3) 1412.21799 

cmt5, 3) 1410.47%4 

cwt5. 4) 1399.87916 

ct'ctb. 3) 1409.04114 

oPCl6. 41 1398.511673 

(20) 13 (20) -50 

(20) -53 

ml) -62 

(20) -33 

(20) -27 

(30) 1 

(201 38 

(10) 39 

(101 30 

(500) 428 

(10) 27 

(10) 27 

(20) 21 

(20) 11 

(10) 7 

(20) -2 

(3L-0) -267 

(10) -16 

(IO) -23 

(30) -33 

(30) -37 

(LO) -60 

(200) -190 

(30) -57 

(20) -65 

(10) 25 

(IO) 20 

(IO) 25 

(10) 33 

(10) 27 

(20) 28 

(IO) 19 

(10) 20 

(10) 5 

(10) 9 

(50) 66 

(IO) -11 

(30) -6 

(IO) -32 

(10) -29 

(IO) -14 

(IO) -4 

(20) -4 

(20, 12 

rR(24, 4) 

rR(25, 4) 

rR(26, 4) 

rR(27, 4) 

rR(28, 4) 

rR(29, 4) 

rR(27, 6) 1593.78834 

rR(28. 6) 1595.90708 , 
rR(29, 6) 1598.03302 

rRC30, 6) (1600.16476) 

rR( 7. 7) 1564.19561 

FR( 8, 7) 1566.64334 

rR( 9. 71 1567.9-X30 

rnt10, 7, 1569.76&o 

rR(l1, 7) 1571.67732 

rR(l2, 7) 1573.56480 

rR(l3, 7) 1575.50646 

rR(l4, 7) 1577.44203 

rR(l5. 7) 1579.39127 

(20) 

(30) 

(100) 

(20) 

(20) 

(100) 

(30) 

(20) 

(20) 

(IO) 

(300) 

0 

61 

145 

6 

-65 

9 

0 

-22 

-13 

-17 

-112 

rR(30, 4) 

r1c31. 4) 

rR(32; 4) 

rR(33, 4) 

mm. 4) cPi17: 4) 1397.95261 

OPCIO, 4) (1396.90396) 

op(20, 5) 1377.76788 

OP(21. 5) 1376.58166 

rnc35; 4) 

rR( 5, 5) 

rR( 6. 51 

rR( 7. 5) 

rR( 0. 5) 

rR( 9, 5) 

rR(l0, 5) 

rR(l1, 5) 

(101 10 

a 
11 

7 

9 

(IO) 

(IO) 

, 
rR(l6, 7) 1561.35374 

rR(l7, 7) 1563.32658 

rrxl8, 7) 1565.31711 

rR(l9, 7) 1587.31729 

rR(20, 7) 1589.32919 

rR(21, 7) 1591.35250 

rRC22, 7) 1593.38656 

rR(23. 7) 1595.43003 

rRC24, 7) 1597.48615 

rRC25. 7, 1599.55039 

op;22; 5; 1375.28326 

oP(23, 5) 1375.08642 

oP(24, 5) (1373.664Ml) 

oP(25, 5) (1372.77159) 

oP(26, 51 (1371.73384) 

oP(26. 6) 1354.60711 

oP(27, 61 1353.38592 

oP(2.3, 6) 1352.06541 

oP(29, 6) 1352.bWCi9 

on< 7. 3) 1439.0464s 

(IO) 

(101 

(500) 

(10) 

(IO) 

(101 

(500) 

(10) 

(IO) 

(20) 

(10) 

6 

2 

4 

-3 

-5 

-16 

-16 

-26 

-26 

-36 

-44 

-51 

-73 

-137 

-824 

326 

223 

226 

296 

343 

461 

633 

23 

26 

19 

21 

20 

21 

16 

5 

8 

-8 

-9 

-20 

-21 

-33 

-35 

-49 

34 

-48 

-27 

-20 

4 

-6 

17 

69 

149 

-613 

6 

7 

2 

40 

-1 

-10 

-31 

rR(l2, 5) 

rR(l3, 5) 

rRC14, 5) 

rR(l5. 5) 

rRfl6. 5) 

rR(l7, 5) 

rR(l6. 5) 

rFxl9, 5) 

rrdo. 5) 

rR(21, 5) 

rR(22, 5) 

rRC23, 5) 

(20) 

(201 

(20) 

(20) 

(50) 

(20) 

(100) 

(500) 

(20) 

(10) 

(30) 

(30) 

(20) 

(10) 

(20) 

rR(26; 7) (1601.62441) 

rRC27, 71 (1603.70627) 

rR(28, 71 (1605.79MIP> 

rRC29. 7) tlb07.69326) 

rRC30; 7; &9.99722; 

rR( E. 81 1576.31056 

rR( 9, 8) 1578.16219 

rR(l0, III 1580.02797 

rllc11. 8) 1581.%761 

oci13; 3) 1436.04259 

ca(l4. 3) 1436.00165 

1567.01300 (10) 

1569.08481 (20) 

w15, 3) 1436.255% 

ux14. 4) t425.396.% 

1571.16%3 

1573.26616 

1575.37413 

t5n.49233 

1579.61403 * 

1501.76291 

15.S3.9a691 

15%.0%31 

1s66.2ts12 

1590.37449 

1592.53479 

1594.69250 l 

1551.97lM 

1553.01607 

1555.67704 

1557.55474 

1559.44877 

1561.35688 

1563.20469 

lMS.22S85 

lS67.162M 

1569.15304 

1571.13833 

15TJ.13742 

1575.15006 

t5T7.17561 

1s79.2tuM 

1581.26393 

1583.326sa 

t5a5.39850 

(20) 

(30) 

(20) 

(20) 

(30) 

(30) 

(20) 

(30) 

(40) 

(30) 

(IO) 

(20) 

(10) 

(10) 

cal5, 4) 1425.80374 

OpClb. 4) 1426.8bd21 

cQ(l7, 4) (1427.51328) 

w19, 5) 1411.76139 

op(20. 51 1412.26739 

rR(24, 51 

rR(25. 5) 

rR(26; 5) 

rR(27, 5) 

rR(26, 5) 

rR(29, 5) 

rR(30, 5) 

rR(31, 5) 

rR(32, 5) 

rR( 6. 6) 

rR( 7. 6) 

rR( 0. 6) 

rR( 9. 6) 

rR(l2; 6) 1583.80072 

rR(13, 8, 1585.70721 

rR(l4, 8) 1587.626% 

rR(15, 8) l5W.S5696 

rR(lb, 0) 1591.50359 

rR(l7, 8) 1593.46054 

rR(l8, 8) 1595.43003 

rRCl9. 8) 1597.40923 

cu21; 5) 1412.66(367 

oa(22, 5) 1414.15520 

09~23, 5) (1414.62232) 

mx24, Sl (1415.217S01 

oQ(25, 5) (1415.86692) 

00~25, 6) 1398.73191 

0.X26, 6) 1399.20447 

oCN27, 6) 1399.56012 

oO(26, 6) 1401.67755 

~409, 6) 1402.18904 

.$X30. 6) (1402.66713) 

oR( 6. 3) (1450.966JN 

oR(12, 3) (1458.16747) 

OR(13. 3) 1459.62623 

d(t4, 3) (1461.7&(35) 

oR(13, 41 (1449.2216) 

cNt4, 41 1451.32347 

oR(15, 4) (1454.08321) 

oR(tb, 4) (1456.42666) 

oR(18, 5) (1444.06018) 

oPXt9, 5) (1446.26029) 

oR(20, 5) 1440.34617 

oRt21, 5) 1451.53194 

oR(22, 5) (1453.69030) 

oR(23, 5) (1455.97502) 

(20, -23 

(1000) 797 

(IO) 7 

(20) -3 

(30) -17 

rFx20; s; 1599.400% 

rR(21. 8) (1601.40269) 

rR(22, 8) (1603.41510) 

rR(23, 8) (1605.43747) 

rtK24, 81 (1607.4694tl 

rR(25, 8) (lbO9.5104.5) 

rRC26, (I, (1611.56027) 

rR(27. (I> (1613.61830 

rRG'8; 8) (1615.68414) 

rR(29, 61 (1617.75728) 

rR(50, 8) (1619.83722) 

rR( 9, 9) 1588.3147t 

rR(l0, 9) 15%.17071 

rR(l1, 9) 1592.03969 

mc12, 9) 1593.92187 

rR(l3, 9) 1595.81636 

rR(14, 9) 1597.72335 

rRC10, 6) 

rR(,t, 6) 

rR(12. 6) 

rR(l3. 6) 

rR(14. 6) 

rR(l5; 6) 

rR(l6, 6) 

rR(t7, 6) 

rR(l6, 6) 

rRR(19, 6) 

rR(20, 6) 

rR(21, 6) 

rRl22, b) 

rR(23, 6) 

(101 

(101 
(20) (1001 156 

(101 

(20) 

(101 (101 11 

(101 

(201 

(20; 

(20) 

(20) 

(20) 

e-0) 

(10) 

(30) 

(100) 

-21 

-69 

infrared measurements in Table I demonstrates that both sets of data are compatible. 
Some parameters obtained from the analysis of the pure rotational transitions in the 
excited states u2 = 1 and v5 = 1 (for instance AZ, A5 and A{;) have larger dispersions 
than those obtained from the separate analysis of the infrared data because of the 
selection rules AK = 0 and Al = 0 for the pure rotational transitions, but all parameters 
from the separate fits of the submillimeter and infrared data agree within three error 
intervals. A remarkable agreement for the parameter E5 between both sets has been 
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TABLE III-Continued 

Transition Vavenulhr 

oR(24, 5) (1458.31283) 

oR(24, 6) (1441.17005) 

oR(25, 6) (1443.32126) 

oR(26, 6, 1445.37038 

cW27, 6) (1449.37227) 

SP( 7, 01 (1466.95890) 

SP( 8, 0) 1464.93254 

SP( 9, 0) 1462.82076 

SFYlO, 0) 1460.70263 

SKll, 0) 145a.56523 

sP(12, 0) (1456.38509) 

SPUS, 1) 1465.98491 

sP(l6, 1) 1464.10034 

sP(17, 1) (1461.56732) 

SP(l8, 11 (1459.45770) 

sP(20, 21 (1471.23204) 

SP<21, 21 1469.23690 

SP(22, 2) 1467.36099 

sP(23, 2) 1464.38732 

sP(24, 2) (1462.44679) 

sP(25, 2) (1460.38052) 

sP(26, 2) (1458.26282) 

sP(26, 3) 1474.56430 

sP(27, 3) 1472.63813 

SP(28, 3) 1470.81489 

ObS-CalC Transition wwenwber Ohs-Calc Transition "a"entnber Ohs-Calc 

(60) -4 

(IO) -6 

(500) 66 

(2000) -1189 

(200) -131 

(40) -21 

(10) -5 

(801 -53 

(20) -20 

(100) -72 

(100) 45 

(100) 92 

(30) 31 

sP(29, 3) 1467.04184 

sP( 6, 01 (1478.87876> 

SP( 7, 0) 1478.54710 

SP(11, 0) 1476.83077 

sP(l2, 0) 1476.32586 

SQ<13, 0) 1475.80437 

sw14, 0) 1475.33394 

SP(l5, 01 1474.53971 

sQtl6, 0) 1473.95977 

sP(17, 0) (1473.32888) 

SWl8, 0) 1472.67297 

sQ(l9, 0) (1472.00616) 

sac14, I) 1491.51144 

SP(15, 1) 1491.32450 

sP(l6, 1) (1490.48837) 

sa<17, 1) ~1490.07491, 

sx19, 2) 1505.23681 

sat20, 2) 1504.93592 

SQ(21, 2) 1504.75175 

w22. 2) 1503.46991 

sU23, 2) ~1503.21901~ 

sQ(24, 2) (1502.84173) 

sQ(25, 2) (1502.41181) 

sQ(25, 3) 1518.70936 

sO(26, 31 1518.46917 

(801 110 

(400) 405 

(IO> 24 

(20) 7 

(10) -20 

(1001 23 

(100) 134 

(500) 506 

(5001 -488 

(500) 2 

(101 5 

(100) -39 

~100~ -7 

(20) -25 

(20) -21 

(10) 29 

(20) 37 

sW27, 3) 1518.33153 

SQ(28, 3) 1516.24171 

sQ(29, 31 1516.15909 

sR( 5, 0) ~1489.10108~ 

sR( 6. 0) 1490.47978 

SR( 7. 0) 1491.77116 

SR( 8, 0) 1493.07428 

sR( 9. 0) (1494.32320) 

SR(10. 0) (1495.54308) 

SR(13, 1) 1515.33922 

M(14, 1) 1516.85078 

SR(l5. 1) 1517.71246 

sR(16, 1) 1518.99258 ' 

SR(18, 2) 1537.54782 

SR(l9, 2) 1538.94094 

SR(20, 21 1540.45018 

su21, 2) 1540.86073 

SR(22, 2, 1542.30053 

sR(23, 2) (1543.61396) 

sR(24, 2) (1544.87303) 

sR(24, 3) 1561.16698 

sR(25, 3) 1562.61399 

sR(26, 3) 1564.16301 

sR(27, 3) 1563.75839 

sR(28, 3) 1565.35914 

(20) 

(20) 

(30) 

(50) 

(100) 

(600) 

(101 

(500) 

(50) 

(20) 

(10) 

(20) 

(10) 

(30) 

(20) 

(100) 

(10) 

(10) 

(20) 

28 

57 

117 

19 

0 

544 

-23 

-21 

-32 

-19 

-55 

35 

-1 

17 

5.3 

83 

obtained, although there is only indirect information involved in the pure rotational 
transition frequencies on the energy E5 of that vibrational state. A simultaneous fit of 
the frequencies of the rotational transitions in the ground state and the vibration- 
rotational wavenumbers to the states v2 = 1 and u5 = 1 confirmed also the compatibility 
of these data. The experimental wavenumbers of the vibration-rotational transitions 
are compared in Table III with the values calculated from the parameters of the si- 
multaneous fit. 

Intensity Perturbations 

Already noticed by di Lauro and Mills ( 1) in their low-resolution spectra of H3CF 
through the band contours, there are strong perturbations of intensity due to the x- 
y Coriolis interactions in the v2 and v5 bands of H$F. These perturbations are certainly 
more pronounced in our high-resolution spectra of H3CF. In an attempt to analyze 
them, we have extracted the intensity information from the absorbance spectrum of 
H3CF. From the intensities of 72 lines of the v2 and u5 bands, using the fitting program 
described previously ( 13), we have determined the vibrational transition moments 

(0, OOIPXIO, l”), (0, OOlkl 1, OO), 

(0, O”(~XIO, 1”) = 0.0680(6) X 1O-3o Cm (7) 

(0, O”(~Zl 1,OO) = 0.0549( 11) X 10P30 Cm, (8) 

which gives 

dpx/dq’sa = 0.1360( 12) X 1O-3o Cm 

dpJdq2 = 0.0776( 15) x 1O-3o Cm 

(9) 

(10) 
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and 

(apx/dq5,)/(dpz/dq2) = 1.75(2). (11) 

Because S_& < 0 [cf. Ref. ( I)] , we have a negative perturbation of intensity corre- 
sponding to a classical model in which the vibrational angular momentum and the 
dipole moment rotate in the opposite sense in the plane perpendicular to the axis y. 
This result is in agreement with the conclusion of di Laura and Mills (I) although 
they reached it by considering perturbations of the band contour. The ratio of the 
dipole moment derivatives [ Eq. ( 1 1 )] is comparable with the value estimated by di 
Lauro and Mills ( 2 ) , 

(~~~/~q5~)/(~~=/~qz) = 2.3 rt: 0.6. ( 12) 

The results of our intensity analysis should be considered preliminary because the 
sample temperature was not measured accurately during the measurements and the 
total pressure might also have increased due to a small leak of air into the sample cell. 
Both the ratio of the vibrational transition moments and their relative signs are of 
course determined here much more accurately than their absolute values. 

DISCUSSION 

Both the standard deviation 8.0 X 10e4 cm-’ for the infrared data in the simultaneous 
fit of the wavenum~~ of 2046 vibmtion-ro~tion~ transitions and 0.38 MHz for the 
frequencies of 202 purely rotational t~nsitions in the v2 = I and v5 = 1 states and 
the relatively small dispersions of parameters indicated in Table I constitute a satis- 
factory result for experimental data in such a large set pertaining to a system of strongly 
perturbed vibration-rotational levels. However, on close inspection of the differences 
between experimental and calculated wavenumbers of vibration-rotational transitions 
in Table III one sees that for certain values of the rotational quantum number K there 
are systematic trends in these differences which reach +0.023 cm-’ for J = 30 in the 
“Q( J, 8) lines, -0.020 cm-’ for pQ( 32,9) but only +0.0020 cm-’ for the line pQ( 34, 
6). These differences, which are evident especially in the ps band, are more pronounced 
in the AK = - 1 transitions. Although we endeavored to introduce several other terms 
of higher order both diagonal and off-diagonal in our model Hamiltonian, we have 
been unable to eliminate these differences. Their irregular dependence on K indicates 
that they are probably not caused by interactions within the system of the states u2 = 
1 and v5 = 1. Because interactions with other vibrational states have not been taken 
explicitly into account in our model Hamiltonian, we speculate that for the largest 
values of J these interactions are already so strong that they cannot be absorbed into 
the effective values of parameters which in our model Hamiltonian describe the in- 
teractions between and within the states v2 = 1 and vs = 1. The nearby vibrational 
states have the term values v3 (A,) = 1048.611 cm-’ (II), Vg (E) = 1182.674 cm-’ 
(Id), vl (A,) = 2916.643 cm-i and v4 (E) = 2998.438 cm-’ (15); the state ofvibrational 
term value nearest the states v2 = I and v5 = 1 is therefore the state 2t6 = 1. Although 
crossings of energy levels and coincidences occur for large values of J between the 
states v, = 1 and v2 = 1, vs = 1 which have the same overall symmetry species, because 
they occur for AkY > 3 the effects should be extremely small. 
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