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The rotational spectrum of 2,6-lutidine, (CH;),CsH;N, has been recorded between 6 and
26.5 GHz using pulsed molecular beam microwave Founer transform spectroscopy. The rotational

constants are A = 3509.7139(84) MHz, B

= 1906.8639(101) MHz, and C = 1254.6215(14) MHz, the

barrier to internal rotation of the two methyl groups is V3 = 1.1752 kJ/mol, their moments of inertia

were found to be I, = 3.0808(9) uAZ.

The nitrogen nuclear quadrupole constants are y,, = + 1.600(5)

MHz, y,, = —4.572(3) MHz and x,. = +2.972(5) MHz.

Introduction

2,6-Lutidine (LUT), (CH;),CsH;N (Fig. 1), is a mol-
ecule with two methyl tops and a relative low barrier
to internal rotation. The rotorsional levels can be
classified under the invariance group C;, ® C3,. Its
microwave spectrum has been studied for the first time
by Caminati and Di Bernardo [1]. They intended to
determine the V; barrier to internal rotation from the
inertial defect of the A A, torsional sublevels. Erro-
neously they assigned the measured EE state rota-
tional transitions as A;A, state lines. Consequently
the rotational constants and the resulting V; barrier
were not correct. We were able to measure the A A,
AE, EA,, and the EE state components of several
rotational transitions. So we could determine V; from
the inertial defect of the rotational spectrum in the
A A, state and from the A|A;—-A,E,A;A,-EA,,and
A, A, -EE splittings. Finally we calculated the nitro-
gen quadrupole coupling constants from the hyperfine
structure of the rotational lines.

Experimental Details

The spectra were recorded using a molecular beam
microwave Fourier transform (MB-MWFT) spectrom-
eter. The vacuum chamber is realized as a stainless
steel cylinder with a diameter of 400 mm and a length
of 600 mm. The mirrors of the Fabry Perot resonator

Reprint requests to Prof. Dr. H. Dreizler, Abteilung Chemi-
sche Physik, Institut fiir Physikalische Chemie, Universitit
Kiel, Olshausenstraf3e 40—60, 24098 Kiel FRG.

have a diameter of 250 mm and a radius of curvature
of 300 mm. The nozzle is mounted near the center of
one mirror, with the beam axis parallel to the mirror
axis. With this technique the lines appear as Doppler
doublets (Fig. 2), with a separation of the Doppler
components of 29 kHz at 7.0 GHz to 112kHz at
26.3 GHz — corresponding to a particle velocity of
624 m/s and a linewidth of approximately 7 kHz
(FWHH). The free induction decay was downcon-
verted to an intermediate frequency centered at
10 MHz and was sampled at 8 k points, with an inter-

Fig. 1. 2,6-lutidine in its principal inertia axes system (a, b).
The structural parameters are calculated with Gaussian-90
with the basis set 6-311G**.
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Table 1. Observed rotational transmons of the A A, state of
26 lutidine. vy, frequency of quadrupole com onents in
Hz; d,;, observed-minus-calculated value in k

JK_K,-JK_K, F-F Vats Oice

303 212 3 2 7771139 0.5

21 7770.184 0.1

4 3 7770.577 0.2

313 303 32 9 555.441 -0.7

2 1 9 556.915 -1.0

4 3 9 556.519 1.0

3 2 2 31 3 3 3 7933.892 -03

2 2 7 932.582 2.6

4 4 7932919 -09

404 313 4 3 10 773.119 1.4

3 2 10 772.833 —-0.6

5 4 10 772.963 —-04

4 1 3 4 0 4 5 5 6 704.204 0.9

3 3 6 703.663 -1.7

4 4 6 706.300 0.3

414 303 4 3 11 739.340 —-09

3 2 11 740.169 -0.0

5 4 11 740.029 0.3

4 3 1 4 2 2 3 3 8 454.553 -0.5

4 4 8 453.057 -0.2

5 5 8 454.248 0.7

5 0 5 4 1 4 5 4 13 553.698 —-11

4 3 13 553.667 -1.5

6 5 13 553.723 0.8

S 15 4 0 4 5 4 14 007.199 -1.3

4 3 14 007.626 —-0.5

6 5 14 007.590 1.1

532 523 4 4 7 690.942 0.2

55 7 689.956 —-09

6 6 7 690.773 -1.0

533 524 4 4 10 965.367 35

5 5 10 965.736 0.2

E‘ A 6 6 10 965.436 3.5
1 6 0 6 515 6 5 16 192.022 -23

5 4 16 192.076 0.7

7 6 16 192.106 20

5-4 6 1 6 5 0O 35 6 5 16 384.860 6.1

5 4 16 385.076 0.2

M 76 16 385.076 -0.7

4-3 6 4 2 6 3 3 5 5 12 103.427 -0.5

6 6 12102.331 —0.1

M 7 7 12103.270 0.7

707 616 8 7 18 756.936 -12

3-2 76 18 756.857 40

6 5 18 756.916 -1.7

IJ'| 717 6 0 6 273 g 132%;%3 19

1 A 1.0

A,E 6 5 18 833.835 —-1.2
725 716 6 6 10035919 0.5

L] Bmam o

: . 1 i f
Fig. 2. The 45,-3,5 AjA\, EA,-, A E- and EE-species g o 3 7 1 5 9 8 21 288.383 72
microwave transitions of 2,6-lutidine. The lines are split by 8 7 21 288.293 —4.4
nitrogen quadrupole coupling. The hyperfine components 76 21 288.358 -24
are additionally split by the Doppler effect. 8 18 707 9 8 21 317.707 -03
8 7 21 317.608 -24

7 6 21 317.693 -18

909 818 10 9 23 805.904 2.5

9 8 23 805.835 1.0

val of 40 ns and 20 ns corresponding to a spectral e 8 7 2; goggiz —:1‘(5)
resolution element of 3 and 6 kHz. The general set up o1 1(9) 3 §3 316:668 19
8 7 23816.722 —40

el e Specioumeles foll‘owed 1), G 10 010 9 1 9 11 10 26 317.946 0.9
We used an automatic scan mode in the frequency 1 9 26 318.004 19
range of 23.7 to 229 GHz and 26.1 t0 265GHz. In |/  ,\« ¢ o LY. Zok -2
these regions we expected to find the Jy_x. =9,9—8¢g; 10 9 26 321.914 25
9 8 26 321.898 -241

900—8;5and 10,0995 104,0—9,¢ b-type-transition
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Table 2. Observed rotational transitions of 2,6-lutidine. — v, frequency of hyperfine free line, vy frequency of reference line,
vg — Vg difference to reference line in MHz, §(vg — vgg.) observed-minus-calculated value in kHz.

JK_K, JK_K, Vo JK_K, JK.K, Vo

R R VR 0 (Ve — Ver) K R VR 0(ve—Vrr)
FF VR~ VFF’ F F VR— VEp

A,A ,-state 707 616 18 756.910

303 11 3 7770.691 6 5 g 18758-35; s

4 3 7770.5772 1% tan) 2.7
2 1 0.3932 08 —0. —0.
32 —0.562 03 717 606 18 833.802

313 20 2 9 556.252 6 5 m - 18 83%5153‘5‘2 10

4 3 9556.5188 3 o L1t 30
2 1 —0.396 -33 —0. .
3 2 1.0774 10 725 716 10 036.543

3 2 2 31 3 7933.163 8 8 g & 1003(6)-:12(2)33 -

4 4 7933.9189 - it 1
2 2 0.3371 2.7 . —0.
3 3 —0.97325 22 8 0 8 7 0 7 21 288.350

4 0 4 31 3 10 772.989 76 5 9 21 28%(3)2;} B

5 4 10 772.96315 = 1 et 20
32 013015  —03 : :
4 3 —0.15605 18 8 18 717 21 317.677

413 40 4 6 704.603 76 i e -

55 6 704.204 : ~0,
3 3 0.5416 18 909 81 8 23 805.882

41 4 303 11 739.839 8 7 ™ g 23 808-333; -

5 4 11 740.0292 o o i 3
3 2 —0.1402 0.1 —0. -
4 3 0.6893 1.7 9 1 9 8 0 8 23 816.718

4 3 1 4 2 2 8 453.930 8 7 % B 23818-(7)37 oo

55 8 453.24825 o o s
5 3 —0.3048 ~13 : :
4 4 1.1909 —09 10 0 10 9 1 9 26 317.989

505 41 4 13 553.704 9 8 o 2631(7)-(9)%‘3* 14

> e 11 10 0.0166 44
4 3 0.3125 —0.4 —0. :
6 5 —0.2435 1.9 101 10 9 0 9 26 321.898

515 40 4 14 007.474 9 8 - 2632332‘71;5 -

k2 IR SE0 11 10 —0.0165 46
4 3 —0.3655 0.6 : -

A, E-state

5 4 039095  —0.3 1 ,

532 5 2 % 7 690.547 4 04 313 10 637.324

6 6 7 690.7734 5 4 10 637.278
4 4 —0.16825 1.2 32 0.15545 —01
55 0.8184 1.7 4 3 —0.26235 —15

53 3 52 4 10 965.517 505 41 4 13 480.719

6 6 10 965.4364 6 5 13 480.72945
4 4 006945 —79 4 3 0.066 5.6
55 —0.2993 - 5 4 —0.02255 —27

6 0 6 515 16 192.073 515 404 14 068.978

5 4 16 192.0762 6 5 14 069.11725
6 5 0.54 —46 5 4 0.4877 —07
76 —0.2995 1.1 4 3 —0.06705 —49

6 1 6 50 5§ 16 385.006 7 0 7 6 1 6 18 732.928

7 6 16 385.07635 6 5 18 732.9421
5 4 0.0 0.5 76 0.0653 21
6 5 0.2215 ~13 8 7 —0.0202 0.7

6 4 2 6 3 3 12 103.001 8 0 8 7 1 7 21 270.332

77 12 103.26955 76 21 270.3443
55 —0.15715 -12 8 7 0.0633 2.8
6 6 0.93875 —08 9 8 —0.0224 6.9
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Table 2 (continued)
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JK_K, JK_K, Vo JK_K, JK_K, Yo
R K VR 0(ve—Ver) R KR VR O (Ve —Vrr)
F F VR— VEF F F Ve — Vg
EA,-state 413 404 6 772.615
55 6 772.0919
4 04 313 11 182.131 3 3 0.507 6.8
32 11 182.2205 , 4 4 —2.0009 2.8
4 3 0.1815 4
505 41 4 13 578.346
5 4 —001795 —29 6 s 135783785
414 303 11 375.524 4 3 0.0543 -78
5 4 1137(5).(6)542 " 5 4 0.0543 —79
32 —0.071 L
515 40 4 13978.842
4 3 0.4556 5.5 6 s 139789607
505 41 4 13 728.348 4 3 —0.0351 -15
4 3 13 723..}32?5 ” 5 4 0.3904 -03
5 4 ! =1,
514 505 9 308.394
6 5 —0.02355 4.8 6 6 9307.85385
707 61 6 18 772.549 4 4 040425 —16
6 5 1877(2).(5);1 0 55 —1.97835 32
76 i —0.
6 16 505 16 368.333
8 7 —0.021 41 6 5 16 368.1645
717 60 6 18 787.793 5 4 —0.222 0.0
6 5 18787.21%32 » 7.6 —0.222 —0.1
76 0. y
707 61 6 18 754.707
8 7 —0.0202 55 6 5 18 754.6914
8 1 8 70 7 21 290.332 76 —0.0.695 6.1
7 6 21 298832‘7‘ 5 8T 0.02415 40
8 7 i .
717 606 18 822.566
9 8 —0.0208 6.1 6 5 18 8226173
909 8 1 8 23 796.659 76 0.12625 7.9)
8 7 23798.8;33«; . 8 7 —0.01375 23
9 8 ) -2
725 716 10 129.232
10 9 —0.0181 4.5 8 8 10 129.6198
919 8 0 8 23 794.544 66 —0.1963 0.0
8 7 23 794.55645 : 7 7 1.3593 1.7
9 8 0.05625 1,
8 08 717 21 282.881
10 9 —0.0163 29 7 6 22 288.8962
8 7 0.0701 —47
EE-state 9 8 —0.0201 53
322 313 7933.614 8 18 707 21 308.705
4 4 7933919 7 6 21 308.7287
33 —1.3452 -1.7 8 7 0.08545 —1.0
2 2 0.4717 -03 9 8 —0.0154 1.9
303 212 7955.582 909 8 1 8 23 799.0908
4 3 7955.5314 8 7 23 805.10255
2 1 0.2659 -09 9 8 0.0538 1.3
32 —0.3452 2.7 10 9 —0.01525 1.6
313 20 2 9442.429 919 8 0 8 23 808.605
4 3 9 442.6426 8 7 23 808.6351
32 1.0288 1.9 9 8 0.05985 1.5
21 —0.3867 —1.1 10 9 —0.01515 22
4 04 313 10 843.536 10 010 9 1 9 26 310.667
5 4 10 843.5348 9 8 26 310.6746
32 0.1043 —-0.8 10 9 0.0444 12
4 3 —0.08625 —1.3 11 10 —0.016 44
4 1 4 303 11 685.979 10 110 9 0 9 26 314.089
5 4 11 686.1596 9 8 26 314.0986
32 0.6854 -12 10 9 0.0412 6.0
4 3 —0.1424 0.2 11 10 0.0174 55
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Table 3. Hyperfine free transitions of the o, 9, = A,E, EA,
and EE states of 2,6-lutidine, and the difference to the A, A
lines derived from Table 2. v(0; o) frequency of o; g; state lme
Av splitting between the A A, line and the A, E ﬁA or EE
line in MHz, and &v observed mmus-calculated for Av in

The Microwave Spectrum of 2,6-Lutidine

MHz.

Transition 0;0; v(o; 0) Av dv
303 212 EE 7955.582 —184.891 0.943
313 202 EE 9442.429 113.609 —0.512
322 313 EE 6889.013 1044.150 —4.896
404 313 AE 10637324 135.665 1.023
EA, 11182131 —409.142 —5.863
EE 10843.536 —70.547 0.127
414 303 EA, 11375524 364.315 5.503
EE 11685979 53.860 0.047
413 404 EE 6772.615 68.012 0.322
505 414 A/E 13480.719 72.985 0.364
EA, 13728348 —174.644 —2.830
EE 13578346 —24.642 —0.118
515 404 AE 14068978 —61.504 —0.804
EE 13978.842 28.632 0.061
514 505 EE 9 308.394 28.012 0.322
616 505 EE 16368233 16.673 —0.041
707 616 AE 18732928 23991  —0.208
EA, 18772549 —15630 —0.749
EE 18 754.707 2212 —0.218
717 606 EA, 18787793 46.009 0.180
EE 18 822.566 11.236 —0.141
725 716 EE 10129.232 —92.689 1.021
808 717 AE 21270332 18.018 —0.347
EE 21 282.881 5469 —0.261
818 707 EA, 21290332 27345 —0.210
EE 21 308.705 8972 —-0.225
909 818 EA, 23794.544 9223 —0.548
EE 23 799.091 6.791 —0.302
919 808 EA, 23796659 —20060 —0.407
EE 23 808.605 8.113 —-0.276
10010919 EE 26 310.667 7322 —0.345
10110909 EE 26314.089 7809 —0.346

of the A;A,, AE, EA| and EE substates. Using these
four A A, transitions we could predict the other A A,
rotational transitions.

We assigned 23 A;A,, 5 A\E, 8 EA,, and 19 EE
transitions. For all measurements we used a mixture
of 1 to 2% of LUT in argon, at a pressure of 40 kPa
(0.4 atm). The substance was purchased from Aldrich
Chemie GmbH, Steinheim, FRG.

The measured transitions are given in the Tables 1,
2, and 3. The frequencies are given as the mean values
of the Doppler doublets.

Theory and Analysis

The rotational spectrum of LUT was analysed us-
ing a semi rigid rotor model including centrifugal dis-
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tortion and internal rotation of two methyl groups.
Three degrees of freedom arise from the overall and
two from the internal rotation. The frame and the two
methyl tops were assumed to be quasi rigid but cen-
trifugally distorted. The internal rotation theory of
two top molecules was given for the time by Swalen
and Costain [3]. The general internal rotation theory
was reviewed by Lin and Swalen [4] and by Dreizler [5].

The Hamiltonian for molecules with C,, symmetry
and a xz-plane of symmetry containing the internal
rotor axes may be written as

H=B P>+ B,P>+ B,P? Hy (a)
+20,P.(py+py) +2Q.P.(py,—p2) Hgr (1b)

2
+ X Fp?+3 Vs(1—cos3a) H,,H, (1c)

i=1

with I*-representation, x=b, y=c and z=a, which is
used in Figure 1.

2

B, =

2 (2a)
hz

B,=—

v 2" (2b)
2

B, = 2Fo;,

=5 t2Fe (2¢)

P, = components of total angular momentum opera-
tor, g=x,y, z

Q,=Fg,, g=x,2, (3
F = h 1 @

Y

A1 A1

=1 X 4 a . 5

r L L 6]
i,

0, = ‘; : (6)

p; = total angular momentum of the methyl top i
about its symmetry axis, i=1, 2;

I, = moments of inertia of the molecule with frozen
internal rotation, g = x, y, z;

I, = moment of inertia of the methyl top;

4, = direction cosine between g- and internal rotator
axis;

o; = internal rotation angle, i=1, 2;

V, = potential barrier.
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Terms in p, p, have been neglect. The interaction
terms V,,, Vy,, and ¥, cannot be determined from the
torsional ground state alone. Therefore they were set
to zero.

The Hamiltonian (1) is invariant under the group
C3, ® C3, [6, 7]. The rotational lines split into quartets
labelled by the symmetry species A;A;, A E, EA,,
and EE.

Due to '*N quadrupole coupling each component
of the torsional multiplet shows a small additional
splitting. We could determine the hyperfine free lines
using the method given in [8]. The hyperfine free
A,A,-AE, A|A,-EA,, and A A,-EE splittings are
given in Table 3. A low V; barrier can be determined
from the inertial defect of the A, A, spectrum alone [1].
Next we describe the method for a two top molecule
with a planar x, z-frame and the internal rotation axes
in the plane, that is 2,=0. We neglect the centrifugal
distortion. Using perturbation theory an effective
rotational Hamiltonian may be derived from (1) [9].

h? h? h?
=—P24+—P*+ —P? 7
V101202 ZIx E > 2Iy y +2Iz z ( a)
2
+F X (W, A+ W #)  (Tb)
n=1

with Z, =9, P, + ¢.; P, for two tops i=1,2. o; de-
scribes the species [4]. W, ™ is the perturbation coeffi-
cient resulting from a van Vleck transformation [10].
It is a function of the reduced barrier

s=i£. (8)
9 F

For the A, A, -state (7) reduces to

hZ
Hoooo= Y = P?+2FWP@2P*+02P%. (9)

g=x.y,z 21g

In (9) modified rotational constants Fg may be intro-
duced. To this order of perturbation the spectrum
should be that of a quasi-rigid asymmetric top.
2
B, =
21

+2FW§Q o2,

X

— h?
By=By=ﬁ’
¥

(10)

K
Bz:ﬁ'*'zFWO((Z))Q:Z’
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|
P
+

~
“
o=
&,
«
@
I3
8
|
<
<
$ o
" 2,6 —lutidine
o
2 A=-4.41 u A
b s =76
<
T -2
Q
kS
=
3
s
~
S } + t
K 0 5 10 15 20

reduced barrier s

Fig. 3. Plot of the inertial defect 4 of the A A -species versus
the reduced barrier s.

B, is unchanged as the internal rotation axes are in the
xz-plane. For infinite barriers W33’ vanishes and the
rotational constants converge to the value of a mole-
cule with frozen internal rotation. For zero barrier
(s=0) W§P =1 (see appendix) the rotational constants
become

2

B = +2F92=B,_,
*= o1 @x
e h2
0
=—=B8B,, (11)
y 21y ¥y

= h?
BS=—+2Fg?=B,.
: 70, s =5l
In the appendix it is shown, that the inertial defect 4
for vanishing barrier s=0 is:

12)

In Fig. 3 the inertial defect derived from the B_g con-
stants of (10) is drawn as a function of the reduced
barrier s. The effective inertial defect is —4.41 qu,
which is about 2 uA? smaller (absolute value) than
those given in Table V in [11]. Using the A A, rota-
tional constants (see below) of Table4 a value of
s=7.6 can be determined.

For the analysis of internal rotation splittings the
principal axis method (PAM) was used as outlined by
Meyer and Dreizler [12]. The program TTWF2 [13]
diagonalizes a sufficient part of the rotation internal-
rotation Hamiltonian matrix.
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Table 4. Rotational, centrifugal distortion (Watson’s A-re-
duction [22]), quadrupole coupling constants, standard devi-
ation, inertial defect, reduced barrier, and barrier of 2,6-lu-
tidine derived from the inertia defect of the A;A, spectrum.

A (MHz) 3540.57930 (40)
B (MHz) 1910.90321 (34)
C  (MHz) 1254.65947 (13)
4, (kHz) 0.0977  (60)
4, (kHz) 0.9849 (293)
4 (kHz) 29060 (516)
6, (kHz) 0.0386 (23)
o¢  (kHz) 0.6539 (666)
Yaa (MHz) 1.599 (5)

e (MHz) —4.572(5)

Y. (MHz) 2973 (5)

c (kHz) 2.2

A,, (uA? —4.41

s 7.6

V,  (kJ/mol) 1.085

| A (cal/mol) 259.32

From the splittings (Table 3) we calculated not only
the reduced barrier s but also I, and the angles (a,, )
between the internal rotation axis and the x- and z-
axis (Table 5).

The potential barrier obtained from the A;A,—EE,
A,A,—AE,and A,;A,-EA, splittings is 1.1752 kJ/mol
(280.88 cal/mol), the calculated value from the inertial
defect is 1.085 kJ/mol (259.32 cal/mol).

Ab initio Calculation

The rotational constants were calculated with the
Gaussian 90 program [14]. The basis set 6-311 G**
[15] was used for structure optimizations. The calcu-
lated rotational constants are approx. 0.5 (C-constant)
to 2.0 percent (A-constant) too large. The calculated
angle between the internal rotations axis and the prin-
cipal inertia axis deviates about 2 percent from the
measured one (Table 5).

The barrier hight to internal rotation was calcu-
lated by a method similar to that given by Alijibury
[16].

The torsional potential function for molecules with
two methyl groups is

V(ay, a;) =1 Va(1—cos 3ay) + 3 V3(1— cos 3a,)

+ 1 Vs(1—cos 6a,) + 1 Vs(1—cos a,)

The Microwave Spectrum of 2,6-Lutidine
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Table 5. Rotational, centrifugal distortion constants (Watson’s
A-reduction [23]), potential barrier, angle between x- and
z-axis and internal rotation axis (a,, a,) of 2,6-lutidine from
MW-spectrum and from ab initio calculation with Gaussian-
90 using the basis set 6-311G**.

MW-spectrum 6-311G**
A (MHz2) 3509.7139 (84) 3587.275
B (MHz) 1906.8639 (101) 1918.044
C (MHz2) 1254.6215 (14) 1269.369
D, (kHz) 0.0638 (1) =
D,x (kHz) —0.2493 (3) s
Dy (kHz) 1.2565 (47) =
5, (kHz) 0.0193 (4) =
Ok (kHz) 0.2268(333) =
v,  (kJ/mol) 11752 (32) 1.2445 (8)
V,  (kJ/mol) = 0.0196(15)
V,, (kJ/mol) £ 0.0630 (7)
V), (kJ/mol) . 0.0059(26)
I, (uA?) 3.0808 (9) 3.093
o, (°) 33.803 (11) 32.55
a, (°) 56.197 (11) 57.45
+V,,(cos 3, cos 3a, —1)
+V,,sin 3o sin 3o, + ... . (13)

For the ab initio calculation we considered all terms
including the Vg, V;,, and V;,.

The torsional angle «, referring to one methyl group
of LUT was described by the dihedral angle of the
plane H3C7C1 and C7C1IN. H1 (and H7) is the in-
plane hydrogen atom of the equilibrium structure
with a; = a, = 0°. First, this structure was optimized
employing the 6-311 G** basis set. Then we calculated
with this structure for different values of the torsion
angles «; and «, the energy increment JE(,, a,) =
E(ay,a,) — E(0° 0°). The V3, Vg, V;,, and V/, poten-
tial barrier coefficient were fitted to the energy incre-
ment function 0E. The experimental and calculated
potential terms are listed in Table 5.

Quadrupole Coupling

Prior to the internal rotation analysis, the *N
quadrupole coupling, rotational constants, and cen-
trifugal distortion from the A;A, species lines were
evaluated. Here first order perturbation theory accord-
ing to [17] was sufficient. The program HF'S written by
Gripp was used [18]. The results are given in Table 4.
This analysis provided also the hyperfine free center
frequencies v, of the hyperfine multiplets.
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Table 6. Quadrupole coupling constants of 2,6-lutidine deter-
mined from the transitions of A ;A state alone and from
a combined analysis of transitions of all torsional states
given in Table 3, ¢ standard deviation. For comparison the
quadrupole coupling constants of pyridin [22] are given.

A A -state A A,-, EE- A E-, Pyridine
and EA,-state
1. (MHz) 1.599 (5) 1.600 (5) 1.434 (3)
Ixx (MHz)  —4572(5) —4.572(5) —4.908 (3)
%y (MHz) 2973 (5) 2972 (3) 3474 (3)
o (kHz) 22 3.5

Nuclear hyperfine structure of the A;A;, A,E, EA,,
and EE-species were analysed using first order pertur-
bation theory. (14)

2
(J+ 1) (Xaa< > & Xbb<Pb26> T ch <E‘i>) &

U-’x_x

Because of the C,, symmetry of LUT the off-diagonal
elements of the nitrogen quadrupole coupling tensor y
vanish. The splitting of the hyperfine structure depends
on the torsional sublevel as obvious from Figure 2. In
contrast to the analysis of the A;A, spectrum we
analysed only the hyperfine splitting.

We calculated the (P, ) with the Hellmann-Feyn-
man theorem [19] and the Hamiltonian (1).

0H dE;,
% =(a5,) = a5

g9
Ej. . (By+AB)—E, . (B)
AB ’

g

(15)

~

were B, are the rotational constants and AB,/B, is
107 3. The result is given in Table 6. So we analysed the
quadrupole coupling and the internal rotation con-
secutively. The quadrupole coupling constants are
similar, but not equal to those of pyridine.

Conclusion

We measured and assigned the rotational spectrum
of LUT in its vibrational and torsional ground state.
From the inertial defect of the A;A,-lines and from
the splittings between the A;A,—EA,, A;A,—A,E,
and A;A,-EE components of a rotational transition
we were able to determine the potential barrier V5. We
have shown that the potential barrier can be success-
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fully obtained from the inertial defect especially in the
case of small potential barriers. We could determine
the nitrogen quadrupole coupling tensor from the
A A, species components using a quasi-rigid model
and also from all other species using an internal rota-
tional model. The value for the quadrupole coupling
constants resulting from both methods are equal.

Appendix

For the reduced barrier s =0 the eigenfunction
U,,(a) of the internal rotation Hamiltonian for one
top contained in (1¢) approaches

1

Yer:

In our case va =00 is correlated to m=0. m is the
quantum number of free internal rotation [20]. The
perturbation coefficient W2 is defined as

U,o(@) = U, (0) = g"m=, (A.1)

16 [{valpvaH|?
Wh=1+— —_ A2
ve =1+ ; b — b (A2)
with the internal rotation operator
0
=—i— A3
Pk (A.3)
and
4E
by, =—2=. A4
vo 9F ( )

E,, and b, , are Mathieu- and reduced Mathieu eigen-
values. For v'$v or m'+m the matrix elements

{va|p|va') =0 for s =0. Therefore
W20 =1. (AS)

From (10) the modified moment of inertia I for a zero
barrier two top molecule is

il =1, = . (A.6)
2B, 1, 2421, ‘
L, rli
or
s rl,
Le=—01" A
r+ I.
with
21,
g (A.8a)
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and

ra1

(A8b)

which are reasonably fulfilled, it approximately results

_ 2421
1,:1,(1— A )
I,

and similar

2
7 Iz<1_2121a>
I,

I,=1,.

(A92)

(A9b)

but
(A9¢)

The inertial defect 4 for a molecule with the internal
rotation axis in the xz-plane is (A.10)

A=I_y'—I_x—I_z=Iy'—(Ix_zj'ila)_(Iz_z'{ila)

For a one top molecule 4 with 1, =0, 1,=1 reduced to

A=1,—-1,—(I,—-1) (A.11)
which is well known [21].
From (A.10) it follows
A=1,—(I . +1,-21,). (A.12)
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As for a molecule with a planar frame and two Cj,
symmetric tops
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tional effects are neglected by the semi-rigid model.
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