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The ground state microwave spectrum of isopropyl iodide has been investigated by microwave
Fourier transform: (MWFT) spectroscopy. 212 hyperfine components of 39 mainly a-type transitions
have been assigned from the measured spectra in the frequency range between 4 and 30 GHz. With
a MWFT double resonance modulation (MWFTDR) spectrometer a weak c-type transition and a
“forbidden” AJ=2 line could be observed. The spectra were analysed using a diagonalization
procedure of the complete Hamiltonian matrix and a simultaneous least squares fit of the rotational,
quartic centrifugal distortion and the iodine quadrupole and spin rotation coupling constants
directly to the measured frequencies. A set of 14 constants could be obtained with high accuracy. The
rotational constant A’ and some of the centrifugal distortion constants could be improved using
some large higher order quadrupole perturbations and the results of the MWFTDR measurements

for the analysis.

Introduction

The microwave spectra of molecules containing an
iodine atom show some wide and overlapping hyper-
fine splittings caused by the large quadrupole cou-
pling of the nuclear spin of iodine and the molecular
rotation. In most cases the iodine hyperfine structure
is perturbed by higher order effects which can be
strong for asymmetric top molecules. The best way of
analyzing this kind of spectra is the diagonalization of
the complete Hamiltonian matrix combined with a
simultaneous least squares fit of all relevant spectro-
scopic constants directly to the measured frequencies.
Then these constants can be determined with the
highest possible precision. Gerry and Coworkers [1, 2]
have reported that the inclusion of strong higher order
quadrupole perturbations additionally could improve
the values of rotational and centrifugal distortion con-
stants in the cases of iodine isocyanate and vinyl
iodide using this analyzing method. But the procedure
has the disadvantage of consuming a lot of computer
time and storage capacity.

The microwave spectrum of isopropyl iodide,
CH,CHICH,;, contains some stronger higher order
quadrupole perturbations. So we thought the spec-
trum of this molecule could be a good example for
testing the mentioned analyzing method with our pro-
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gram HFS [3] using the Cray XMP 216 vector proces-
sor system of the University of Kiel.

The first investigation of the microwave spectrum of
isopropyl iodide was reported by Groner et al. [4]. A
substitution structure was determined by Ikeda et al.
from the microwave spectra of eight isotopic species
[5]. Isopropyl iodide is a near prolate asymmetric top
molecule with a C,-point symmetry. The symmetry
plane contains the a and the ¢ principal inertia axes.
Reasonably a- and c-type transitions can be expected,
but in [4] and [5] only the observation of a-type tran-
sitions is reported because the c-type transitions are
very weak. With the normal MWFT method we too
could observe only a-type transitions, but we were able
to assign the c-type transition J'K_ K}, —JK_K,
=313—-303 with one of our MWFTDR spectrome-
ters [6]. Furthermore, the observation of a “forbidden”
AJ=2 c-type line caused by an extremely strong
higher order quadrupole perturbation was possible
using this method. Additionally some a-type transi-
tions being affected by this perturbation have been
measured with the normal MWFT method. We will
show that the inclusion of these transitions in the
analysis of the spectrum could improve the values of
the rotational constant 4’ and some of the quartic
centrifugal distortion constants. They are otherwise
not very well determined using more weakly per-
turbed a-type transitions only. Due to the high accu-
racy of the MWFT measurements the iodine spin-ro-
tation coupling had to be considered for the analysis
like in similar cases [7, 8].
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Experimental

The spectra were recorded with our MWFT
spectrometers between 4 and 30 GHz [9-15]. The
MWFTDR measurements were made with our spec-
trometers described in [6]. The sample of isopropyl
iodide was obtained commercially and used without
further purification. The measurements were carried
out at pressures between 0.3 and 2.5 mTorr (0.04 and
0.33 Pa) and temperatures between —20° and —40° C.

The Attributes of Higher Order Quadrupole
Perturbations

In case of large hyperfine splittings as caused by
the quadrupole coupling of the iodine nucleus in the
rotational spectra of iodine containing compounds,
higher order perturbations may be present. They can
be used not only for the determination of the off
diagonal components of the quadrupole coupling ten-
sor but also for an indirect determination of the rota-
tional and centrifugal distortion constants in the cases
of asymmetric top molecules. This can be expressed
approximately using a perturbation formula up to
second order for the quadrupole interaction similar to
that given by Gordy [16]:

Ey=<t,J, I, F, Mg| Hy |1, J, I, F, Mg) (1)
oy |<r',J',I,F,MFlﬁglr,J,I,F,MFW_
J,v'*J,t EJr_E.I't'

The matrix elements have been set up in a coupled
basis consisting of the eigenfunctions of the rotational
Hamiltonian and the spin functions due to the cou-
pling nucleus. In the cases of asymmetric top mole-
cules, 7 represents the pseudo quantum numbers K _
and K, of the limiting prolate and oblate symmetric
tops. The first term contains a diagonal matrix ele-
ment of the quadrupole interaction Hamiltonian ﬁQ
and is equivalent to the first order perturbation. The
second order perturbation is given by the sum over the
squares of absolute values of the off diagonal matrix
elements of ﬁQ divided by the difference of the corre-
sponding unperturbed rotational energies. These un-
perturbed levels only are influenced by the rotation
and centrifugal distortion contributions in a first or-
der approximation.

So it can be seen that for the first order perturbation
no dependence of the unperturbed rotational levels is
given while the second order contribution contains
information about level differences and can be used
for their determination. This may be valuable if level
differences cannot be obtained spectroscopically.

The existence of the matrix elements in (1) can be
determined using their symmetry properties. The ele-
ments vanish if the direct product of the irreducible
representations of the symmetry group reflecting the
transformation properties of the basis functions and
the operator does not contain the total symmetric
representation A of the group. The matrix elements of
FIQ may be decomposed in the following way:

<T’9J,9 IaEMF| ﬁer’ J’I’EMF>

(I FI1UJ I2INYr 2 g\t
- 2 JI1(\=10T1 J o —J
L, I My =T | Vyglt, J, My=J) - eQ/4, )

where ¥, is one component of the field gradient ten-
sor referred to space fixed cartesian axes, Q represents
the nuclear quadrupole moment and e is the elemen-
tary charge. The parentheses denote Wigner 3j-sym-
bols and the curled brackets Wigner 6j-symbols [17].
It can be proved that for asymmetric tops the basis
functions in (1) transform according to the irre-
ducible representations of the group D, =V like the
eigenfunctions of an unperturbed asymmetric top.
These transformation properties are not affected by
the quantum numbers F, I and J, as follows from the
features of the 3j- and 6j-symbols in (2). A more de-
tailed description is given in [18]. The irreducible rep-
resentations 4, B,, B,, and B, of the group D, can be
assigned to the basis functions of (1) by the parity of
their pseudo quantum numbers K_ and K, as in the
case of the unperturbed asymmetric top eigenfunc-
tions [19]:

le,e) = A,
|07 O> = Bb’

le,o>=B,,
|o,e) = B..

©)

e = even and o = odd represent the parities of K_ and
K. The other quantum numbers have been omitted
for simplicity.

The V,, containing matrix elements will be trans-
formed to the principal inertia axes a, b, and ¢ using
the direction cosine matrix elements in the asymmetric
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Fig. 1. The rotational energy levels of isopropyl iodide labelled with the
quantum numbers JK _ K, and arranged in the order of K_ up to
200 GHz. The dotted lines connect levels which are strongly perturbed by
matrix elements containing the off diagonal component y,, . of the quadru-
pole coupling tensor. The level differences are given in MHz.
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Fig. 2. A detailed energy level diagram of the most strongly perturbed
rotational level pair J K _ K, =322 and 413 of isopropyl iodide labelled
with the JK_K, and F quantum numbers. a) Rotational energies;
b), c) hyperfine splitting calculated without b) and with c) the influence of
Xac- For the rotational level JK K, =322 only the sublevels with the
quantum numbers F=3/2 and 5/2 are marked for simplification.
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rotor basis:

KK, K\, J,M;=J|Vyy | K_,K,, M, =J>
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= Y (KLKyLI Mj=J|(@,,®,,)|K_, K., IM;=J)-V,,. 4

g9,9'=a,b,c

The eQV,, =y,, are the spectroscopically determin-
able constants of the quadrupole coupling tensor in
the principal inertia axes system. The direction cosines
also transform according to the irreducible represen-
tations of the group D,, as has been mentioned by
Gordy [20]:

é%“’@éb’éécé‘A’ @Zdv é~Zb @ZcéBa’
&, 0,.8,, 2B,, ,.,.9,,9,,2B.. (5

In conclusion we obtain the nonvanishing matrix
elements containing components of the quadrupole
coupling tensor by calculating the direct products of
the irreducible representations.

The matrix elements of A, are finally obtained by
inserting these results in (1) and (2). It follows that the
diagonal elements of FIQ, and consequently the first
order contributions, arise only from the diagonal
components y,, of the quadrupole coupling tensor.
The second order contributions of the y,, resulting
from their matrix elements off diagonal in J but diag-
onal in K_ and K, are small in general because they
connect widely separated unperturbed levels in most
cases. The off diagonal components y,, contribute
only to the second order perturbations because all
their diagonal matrix elements vanish. But their off
diagonal matrix elements may connect closely spaced
or near degenerate levels, and then large perturbations
can be noticed.

In Fig. 1 the rotational energy diagram of isopropyl
iodide is given. Strong second order perturbations
arising from the connection of two rotational levels by
Zac CcONtaining matrix elements are indicated. The per-
turbing connections are restricted to a pair of levels
with both pseudo quantum numbers K_ and K,
changing parity. For isopropyl iodide the off diagonal
components x,, and y,. vanish by the molecular sym-
metry.

The most important second order perturbation in
the spectra of isopropyl iodide arises between the
rotational levels with the quantum numbers JK_K,
=322 and 413. These levels are separated by a differ-
ence of only 239 MHz. A detailed energy diagram
containing the hyperfine splittings is displayed in Fig-

ure 2. The sublevels with the quantum number F = 3/2
are closely spaced and inverted relative to the rota-
tional levels in this case. The inclusion of y,. con-
taining matrix elements repell both sublevels by an
amount of approximately 50 MHz.

Higher order perturbations of this strength can only
be treated satisfactorily using diagonalization proce-
dures, but transitions containing them give the most
valuable information about the difference of the per-
turbed levels and the off diagonal components of the
quadrupole coupling tensor. They also have a remark-
able influence on the line intensity caused by mixing of
the wave functions of the perturbed levels. Reasonably
“forbidden” transitions can be observed in some cases.
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Fig. 3. The “forbidden” line J'K_ K/, —J K_K, =413 -221,
F'—F=3/2-3/2 of isopropyl iodide. a) Normal MWFT
record. Experimental conditions: power spectrum, 4.9 - 10°
averaging cycles, sample interval: 10 ns, 2048 data points
supplemented with 2048 zeros before Fourier transformation,
pressure: ~2.5mTorr (0.33 Pa), temperature: ~—20°C,
polarizing frequency: 12 204.988 MHz. b) Recorded with
double resonance modulation. Experimental conditions:
8.2 - 10° averaging cycles, other conditions see a). The hyper-
fine component J'K' K, —JK_K,=514—413, F'F—F=
5/2—3/2 at 20 816.692 MHz has been used as a pump tran-
sition.
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We succeeded in the observation of the hyperfine
component F'— F =3/2—3/2 of the “forbidden” c-type
rotational transition J'K_ K, —JK_K, =413-221
using the MWFTDR method (Figure 3). The a-type
component J'K' K, —JK_K,=514—413, F'—F =
5/2—3/2 has been used for the DR pump modulation.
In a second experiment, for comparison the corre-
sponding a-type component J'K' K, —-JK_K,=
322—-221, F'—F=3/2—3/2 was observed and the
“forbidden” c-type component J'K’ K, —JK_K, =
514—322, F'—F=5/2—3/2 has been taken for the
pump transition.

Ikeda et al. [5] have reported some hyperfine
components of the “forbidden” c-type transition
J'K_K', —JK_K, =514—322 in the spectrum of the
deuterated species CH;CDICH;. In this case the
hyperfine levels with F=11/2,9/2 and 7/2 are strongly
perturbed while the perturbation of the F =3/2 level is
much weaker.

Analysis and Results

A total of 212 hyperfine components of 39 rota-
tional transitions of isopropyl iodide up to J =20 has
been assigned from the measured spectra. The major
part of the measurements could be directly used for
the analysis. In case of narrow splittings a line shape
analysis for the correction of frequencies was neces-
sary [21]. No splittings due to the internal rotation of
the methyl groups could be observed because of the
high hindering barrier. The spectroscopic constants
have been evaluated by a simultaneous least squares
fit directly to the obtained frequencies using a diago-
nalization procedure of the complete Hamiltonian
matrix for the calculation of the eigenvalues. For the
centrifugal distortion contribution the Hamiltonian of
Van Eijck and Typke has been used [22, 23], and all
quartic constants could be determined. Attempts to
obtain the sextic constants did not improve the fit, and
most of them were indeterminable. So they were
neglected in the final calculations. In Table 1 the ob-
served and calculated frequencies and the assignments
are given. As in the case of ethyl iodide [8], the con-
sideration of the iodine spin rotation coupling allowed
the determination of these constants and the improve-
ment of the others. The deviations between observed
and calculated frequencies are then below 10 kHz and
reproduce approximately the accuracy of our measure-
ments.
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Table 2 contains the results of two calculations with
(Table 2a) and without (Table 2b) inclusion of the
spin rotation coupling contribution. All constants of
Table 2a are well determined with a total standard
deviation being only 3.3 kHz. The constant y,. is
nearly as well determined as the diagonal components
of the quadrupole coupling tensor because of the
many higher order perturbations used in the analysis.
The neglection of the spin rotation coupling (Table 2 b)
leads to increasing errors of all constants, but its in-
fluence in the spectrum of isopropyl iodide is smaller
than in case of ethyl iodide. A possible reason may be
the larger moments of inertia and therefore the smaller
angular velocity of isopropyl iodide relative to ethyl
iodide.

In addition, the components of the quadrupole cou-
pling tensor in its own principal axes system (X', )/, 2)
have been obtained by diagonalization [24]. The z'-
axis of the tensor and the C—1I bond axis form an angle
of approximately 1°. The z'-axis inclines toward the
hydrogen atom of the CHI group as has been reported
by Ikeda et al. [5].

We were particularly interested in the improvement
of the rotational constant A" and some of the cen-
trifugal distortion constants (especially D%) by the
MWFTDR measurements and the lines being in-
fluenced by the very strong quadrupole perturbations
of the levels JK_K, =322 and 413. So we performed
three other calculations. Their results are given
in Table3. In the first calculation (Table 3a) all
MWFTDR measurements have not been considered.
The results are of similar quality as those of Table 2a
although only a-type transitions have been used. In
the second calculation (Table 3 b) the a-type hyperfine
components containing one of the most strongly per-
turbed levels JK_K, =322 and 413, F=3/2 and 5/2
have been additionally neglected. In this case the de-
termination errors of the constants A’, Dk, d; and Ry
and particularly the correlation coefficients among
these constants increase because now these constants
can no longer be separated completely. In addition
the error of the quadrupole coupling constant jy,,
increases. The inclusion of the c-type transition
J'K' K, —JK_K,=313—-303, while excluding the
strongly perturbed hyperfine components for a second
time, leads again to a satisfying separation of the men-
tioned constants (Table 3¢). So we think that for the
improvement of the mentioned rotational and cen-
trifugal distortion constants the contributions from
the weak c-type transitions and the most strongly
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Table 1. Observed and calculated frequencies of CH;CHICHj,. v: measured frequency (MHz), v: hypothetical unsplit center
frequency (MHz), J,,,: observed minus calculated frequencies using the constants of Table 2a (kHz), dnq: observed minus
calculated frequencies using the constants of Table 2b (spin rotation contribution neglected, kHz). The quantum numbers of
the most strongly perturbed hyperfine levels are marked with an asterisk.

JK_ K. —-JK_K, 2F-2F v . S JK_K,-JK_K, 2F-2F v Ot O
v v
a-type transitions 422 321 13 11 16237.266 11 25.0
101 000 7 5 4000161 —15 170 16 173.880 119 16114742 03 162
4.004.851 305 4238925 —06 —261 C 8 e T
202 101 9 7 8028648 21 226 S L nas m T
7992.696 7 5 8060545 1.5 148 i i o 0a i
77 771939% 33 —46 d = L
5 3 7659457 63 167 31 16291473 —55 —231
3 3 7887075 18 —78 33 16291.066 43 —219
211 110 9 7 8483812 0.4 222 423 322 13 11 16055904 —3.8 19.3
8379.211 7 7 8320897 —60 —12.7 16 006.020 11 11 15946.022 —43 -21.1
5 5 8201.861 —12 —102 11 9 15947.629 0.9 16.7
7 5 8160363 —70 79 9 9 15931480 —-59 —246
212 111 9 7 7742938 =30 18.1 9 7 15931454 138 9.0
7 640.154 7 5 7419336 —73 6.3 7 5% 15954868 04 —11
5 5 7452320 0.1 —88 5 3* 16097.821 —-34 —120
303 202 11 9 11 966.004 0.5 22.4 431 330 13 11 16173.747 9.2 33.8
11 946.753 9 7 11981216 —37 110 16 054.685 119 15904062 —18 140
7 7 11984.923 1.6 —154 9 7 15913448 -39 13
7 5 11896103 49 135 7 5 16066169 02  —57
5 3 11819251 34 5.8 5 3 16242967 1.9 —1441
312 211 9 7 12533099 0.2 15.5 432 331 13 11 16170719 5.9 30.5
12 557.912 7 7 12534.689 00 —15.7 16 051.754 1 9 15901.088 —2.7 13.0
9 9 12370187 —21 —154 9 7 15910513 74 126
79 12371778 —21 —463 7 5 16063236 07 —52
5 7 12655104 49 —358 5 3 16240025 -05 —164
313 212 11 9 11494370 —06 216 514 51513 13 5521141 -28 21
11 449.824 7 5 1138895 1.6 9.3 5529.175 111 5513904 09 02
5 3 11383037 —02 0.2 9 9 5522594 -04 26
9 7 11421722 —-18 131 77 5539328 -12 —40
321 220 11 9 12201827 01 240 5 5 5555736 38 0.6
12 082.237 9 7 11888796 08 163 615 616 17 17 7733047 09 5.1
7 7 11883127 73 —33 7719.082 15 15 7706806 —3.1 —1.7
7 5 11968.265 20 6.4 13 13 7703546 —-18 —25
5 5 11973547 53 —108 1117709746 12 —09
322 221 11 9 12142166 26 268 9 9 7722155 27 04
12014473 9 9 12140558 —32 —116 77 7738991 -38 74
9 7 11822007 3.6 19.1 6 42 541 17 15 24158049 —-1.0 19.8
75 11907231 02 48 24 086.488 15 13 24027.160 —50 7.2
5% 3 12163.139 02 —65 13 11 24004978 —47 —1.6
3* 3 12092714 29 —195 119 24049279 -46 —108
404 303 13 11 15862932 —12  21.1 9 7 24127115 -39 -—192
15851.434 11 9 15874384 —07 146 75 24212233 —11 249
9 9 15842604 45 —185 6 43 542 17 15 24157.630 3.6 24.5
9 7 15838.899 0.5 93 24 086.073 15 13 24026747 —1.7 10.6
7 5 15801.029 —04 1.8 13 11 24004.565 —2.5 0.6
5 3 15788319 10 —37 119 24048868 —04 —67
11 11 15580351 48 —154 9 7 2412669 -07 —16.0
413 312 13 11 1674798 —04 228 75 24211811 47 —191
16 722.825 119 16716562 —31 122 716 717 19 19 10259058 2.6 7.9
11 11 16482743 —20 —22.7 10 245.039 17 17 10235381 —-44 23
9 7 16 695.399 0.3 8.9 13 13 10235510 1.8 0.0
9 9 16696989 —02 —226 15 15 10230.050 1.1 1.0
7 5 16670913 0.7 1.8 11 11 10247966 —44 —-73
5% 3 16659.534 210 —44 9 9 10264.863 34 -03
3* 1 16 771.756 4.0 —89 725 624 19 17 287705711 -0.1 20.1
414 313 13 11 15271844 0.3 229 28 753.084 17 15 28746.017 —48 1.2
15247.671 119 15248042 —13 141 15 13 28738322 -39 0.9
9 7 15221425 —-91 —06 13 11 28735529 30 0.2
9 9 15221638 —27 —240 19 28739044 31 —138
7 5 15205143 —13 0.3 9 7 28755956 23 -—164
5 3 15213611 25 =31
111 15041671 21 —16.1
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Table 1 (continued)
JK_.K,—JK_K, 2F-2F v 5, Ona JK_K,—-JK_K, 2F-2F v . i
v 7
734 633 17 15 28190410 —-0.2 10.8 16 313 16 314 37 37 9116.887 —43 1.8
28 205.881 15 13 28175840 43 73 9 106.042 35 35 9101.747 0.5 39
13 11 28179914 —42 -9.1 33 33 9095.921 1.5 24
735 634 19 17 28168228 14 19.7 31 31 9097.709 5.6 43
28 145.346 17 15 28129.964 0.0 10.9 29 29 9105.717 04 —2.7
15 13 28115123 42 1.2 27 27 9118.793 —43 —-9.1
13 11 28115902 —1.1 —6.5 17 314 17 315 39 39 11894312 —-3.6 3.0
11 9 28134.980 3.0 —-10.6 11 882.567 37 37 11878.045 0.7 42
9 7 28182.020 1.3 —191 35 35 11871.685 3.8 4.5
743 642 19 17 28166.652 6.2 23.9 33 33 11873497 2.6 0.7
23118478 17 15 28086.539 2.1 114 31 31 11882.079 1.0 —-31
15 13 28067.089 —44 —-3.6 29 29 11896244 —55 —11.5
13 11 28087.839 —-26 —103 18 315 18 316 41 41 15075094 —-7.1 —-0.5
11 9 28133.167 28 —13.6 15062.711 39 39 15058.044 2.8 5.8
744 643 19 17 28165177 1.3 18.8 37 37 15051.302 40 39
28 117.083 17 15 28085.022 1.8 11.0 35 35 15053.109 4.5 1.6
15 13 28065.558 2.7 34 33 33 15062.057 1.2 —42
13 11 28086.293 —0.2 -8.0 31 31 15076988 —52 —129
11 9 28131.773 —14 —-178 20 416 20 417 45 45 6156.133 —3.7 2.0
81 7 818 21 21 13095317 44 11.0 6 148.722 43 43 6 146.081 1.3 4.8
13 081.508 19 19 13072993 —-1.0 23 41 41 6 141.986 2.1 38
17 17 13067.056 —19 —11 39 39 6 142.955 44 42
15 15 13071.714 —-0.6 —-1.6 37 37 6 148.230 0.9 —0.8
13 13 13083598 —10 —-34 35 35 6157.167 —47 -79
11 11 13100304 54 2.0
918 919 23 23 16205538 1.1 9.4  c-type transitions assigned with MWFTDR:
lermad A BImE =i 3 343 1031 f1 49BEG 13 -193
15 15 16193562 —06 —19 I £ ] e
13 13 16 209.664 09 —16 3 3 4935144 _0.8 - 50
10 2 8 10 2 9 25 25 6737.391 —1.5 3.5 “forbidden” . - e
6 725.191 23 23 6718791 —0.3 22 SPSlatE
21 21 6 712.964 0.8 13 413 221 3* 3 12204685 —28 —256
19 19 6716249 —1.1 -23 11 775.783
17 17 6726176 —1.3 —-38
15 15 6 740.855 0.9 -2.7
11 29 11 210 27 27 9090501 —1.5 43
9077.515 25 25 9071137 1.8 48
23 23 9064694 —22 —16
%; %; g 8.%%23 gg _83 perturbed hyperfine components are of comparable
17 17 9093900 —1.5 —58 magnitude.
12 210 12 211 29 29 11815906 —1.7 4.7 Finally we performed a fit of only the coupling
11 802455 % % “ ;gg;% ”gz %; parameters to the differences of hyperfine components
23 23 11792296 1.9 0.3 for an additional check. The values of the rotational
21 21 11802838 —03 —38  and centrifugal distortion constants have been fixed to
19 19 11819.161 —3.6 —8.7 : ;
13 211 13 212 31 31 14887687 —10 5.g  the values of Table 2a and the results are given in
14 874.136 29 29 14867.980 2.6 6.1  Table 4. The agreement is good in general and for all
27 27 14860934 0.5 1.1 constants within the error limits.
25 25 14863.671 2.3 04 y ;
23 23 14874150 —14 —53 In conclusion, the complex ground state microwave
" %é %é 12 gggg}é —%g = gg spectrum of isopropyl iodide could be mainly clarified.
6752.539 33 33 6748563 08 37 The hlgh accuracy of the MWFT method in combma-
31 31 6743410 4.1 48 tion with the excellent agreement between experiment
29 29 6745120 27 1.7 and the calculation method resulted in the determina-
27 27 6 752.372 0.5 =22 . s .
55 25 6764065 —28 —¢6g tionofa setof highly precise molecular constants for

isopropyl iodide including the spin rotation coupling
parameters of iodine.
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Table 2. Results from the simultaneous least squares fit anal-
ysis of the isopropyl iodide spectrum, A4’, B, C': rotational
constants, D}, D, Dy, d;, Rg: quartic centrifugal distortion
constants of the van Eijck /Typke Hamiltonian [22, 23], y,,:
quadrupole coupling constants (y_ = fpp—Xc)» C,,: SPIN
rotation coupling constants, ¢: total standard deviation, n:
number of rotational transitions, N: number of hyperfine
components. The components of the quadrupole coupling
tensor in its own principal axis system (x', ', z’) have been
obtained by a rotation about the b-principal inertia axis with
the angle «. Their errors have been calculated using the
Gauss formula [25]. Standard errors are given in units of the
last digits in parentheses. a): inclusion, b): exclusion of the

Table 3. Results from simultancous least squares fit analysis
with reduced data sets. The explanation of the symbols is
given in Table 2. — a) Fit without the MWFTDR measure-
ments. b) Fit without the MWFTDR measurements and
without the hyperfine components containing one of the
levels marked with an asterisk in Table 1. ¢) Like b) but with
inclusion of the MWFTDR measurements (without the “for-
bidden” line).

iodine spin rotation coupling.

a) b)
A = 80222104 (9) 8022.217 (3) MHz
B = 2187.19215(8) 2187.1913 (3) MHz
C' = 1817.66092 (8) 1817.6600 (3) MHz
D, = 0400 (1) 0.392 (5)kHz
b, = 1926 (7) 190 (3)kHz
Dy = 47 (1) 40 (5 kHz
oy = 0.07705 (9) 0.0773 (4) kHz
Ry = —0.01428 (7) —0.0137 (3) kHz
Yo =—1626155 (5) 162617 (2) MHz
= 141669 (5) 141.66 (2) MHz
Y. = 53492 (1) 53492 (5)MHz
&, = 32 (4) - kHz
Ci = 73 (1) " kHz
C. = 68 (1) - kHz
g: 33 131 kHz
n: 39 39
N: 212 212
Correlation coefficients co(X, Y) >|0.9]:
co(B, C) 0.92 0.92
co(Cyy. C.0) 0.91 -
Low =—1626.155 (5) —1626.17 (2) MHz
e = 883912 (3) 883.92 (1) MHz
L. = 742243 (3) 742.25 (1)MHz
Leo= 883912 (3) 883.92 (1) MHz
Xyy = 857456 (6) 857.47 (2) MHz
A =—1741.368 (7) —1741.38 (3) MHz
g = 12.1524 (3) 12152 (1) (°)
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a) b) ©)
A =8022210 (1) 8022215 (4) 8022210 (1) MHz
B =2187.19216(8) 2187.19218(8) 2187.19215(8) MHz
C' =1817.66093(8) 1817.66088(8) 1817.66092(8) MHz
D, = 0400 (1) 0.399 (1) 0399 (1)kHz
Diyy = 1926 (7) 1.926 (7) 1.929 (7)kHz
Dy = 48 1) 43 4) 4.7 (2) kHz
6, = 0.07703(9) 0.0773 (2) 0.0771 (1) kHz
Ry = —001430(9) —0.0140 (3) —0.0143 (1) kHz
faa = —1626.156(5) —1626.156(5) —1626.156(5) MHz
1- = 141.668(5) 141.668(5) 141.669 (5) MHz
fae = 53493 (1) 53499 (3) 53498 (3) MHz
C,.. = 32 (4 32 4 32 (4 kHz
bl = 73 (1) 73 (1) 7.3 (1)kHz
o = 6.8 (1) 6.8 (1) 6.8 (1)kHz
g: 3.2 3.2 3.3 kHz
n: 37 37 38
N: 206 200 205
Correlation coefficients co(X, Y)>[0.9]:
co(B, C) 0.92 091
co{(Cys5 C..) 0.91 0.91 091
co(A4’, D) —0.93
co(A4’, d)) —0.91
co(A’, Ry) 0.96
co(d;, D) 0.94
co(Ry, D) —0.97
co(Ry, d}) —0.96

Table 4. Results from the analysis of the hyperfine com-
ponent differences. The components with the largest F-quan-
tum numbers have been used as references. The values of the
other spectroscopic constants have been fixed to those of
Table 2a. N: Number of hyperfine component differences.
The explanation of the other symbols is given in Table 2.

Zaa = —1626.159 (6) MHz o:  44kHz
1o = 141.674(5 MHz n: 38

lee = 53493 (2) MHz N: 173
C..= 25 (4 kHz

Cpp= 73 (1)kHz

C.= 69 (1)kHz

Correlation coefficients co(X, Y)>[0.9]:
co(Cyp, C.o) 0.94
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