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We report the rotationally resolved spectra of C¢HsD obtained in a super-
sonic seeded jet by Doppler free UV laser spectroscopP/ with an effective resolu-
tion of about 0-0045cm~". The coupled 6a) and 6by vibronic transitions are
analysed in terms of their spectroscoplc constants (7, = 38634-2429cm™" for
6a) and 7, = 38637-1792cm™! for 6b}) and the Coriolis coupling constant
&€ = 0-095 85 cm™! obtamed by constraining the C rotational constants to be
equal for 6a' and 6b Simulations of the spectra result in rotational tem-
peratures of about 2K. The polarizations of the two transitions could be
determined unambiguously as well as the approximate ratio of the transition
moments.

1. Intreduction

Benzene has been a prototype molecule for numerous spectroscopic investigations
[1-38]. The UV transmon from the electronic ground state (" Ajg in Dgp) to the first
excited singlet ( B,, in Dg,) is electronically forbidden, but becomes vibronically
allowed with the (Ezg) fundamental providing the prominent ‘false’ origin of
the electronic transition (60) with progressions in the totally symmetric fundamental
v (Ayg) and hot band sequences with v (E,) in the room temperature spectrum (all
in Wilson’s numbering scheme, see [1, 2, 29]). When replacing one hydrogen by a
substituent, such as F, CH; or NH, {31, 38], the transition becomes electronically
allowed (!B, for S;). Then, typically, the totally symmetric component of vg (6a, A,
in C,,) forms additional progressions on the true, allowed 0f origin ([38] shows
pictures of the vibrational modes).

Substitution of hydrogen by deuterium [26] or 2¢ by BC [29] results in an
intermediate situation. In the Born—Oppenheimer approximation the electronic
transition would be still forbidden, but to higher order the 05 band might become
weakly allowed, the CD bond being slightly shorter than the CH bond on the
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Figure 1. Structure and axis definitions for C¢HsD.

average. Still, the most strongly allowed transitions are expected to arise from v,
which in C,, is split into vg, (A1) and vg, (B,, following Mulliken’s proposals for axis
definitions, z towards the substituent, x perpendicular to the ring, B, being anti-
symmetric with respect to the o,, plane, figure 1). However, the vibrational
symmetry is rather heavily broken, as we shall see, with a shift of about 3cm™" of
the B, fundamental towards higher wave-numbers, about 0-5% of the v4 funda-
mental wave-number.

Although there have been previous investigations of the electronic spectrum of
CgHsD [32-35], a rotational analysis has been presented so far only for the 144
transition [32]. However, C¢HsD is particularly suited for such an analysis, as
accurate ground state rotational constants for CsHsD are known from microwave
spectroscopy [26], in agreement with, but more accurate than the corresponding
most recent structural data from Fourier transform infrared (FTIR) and laser
spectroscopy [29, 30} for C¢Hg. Previous infrared and Raman studies of C4HsD
fundamentals do not seem to include the vs fundamentals in any detail [36, and
references cited therein].

The goal of the present paper is to provide an interpretation of the rovibrational
line structure of the 6aj and 6by bands in C¢HsD. This analysis provides accurate
excited state rovibrational constants, the interesting Coriolis coupling between the
two bands and the intensity and polarization of the two transitions. We note that 6b(1,
in C¢HsX electronic spectra in general appears only weakly, whereas the totally
symmetric vibration 6a builds strong progressions. On the other hand in C¢H;D,
6b} appears strongly. The resulting questions of the relative intensity and polarization of
the coupled bands are of interest also in relation to the corresponding bands appearing in
electronic spectra of rare gas van der Waals complexes with C4Hg, where in C,, symmetry
similar effects would be expected. To our knowledge, there has been no previous rovibra-
tional analysis to answer these questions in any of those cases.

2. Experimental

To obtain a rotationally resolved electronic spectrum of C¢H;sD, sub-Doppler
resolution is necessary. In addition, reasonably strong rotational cooling will
facilitate the assignment of the spectrum by reducing the number of observed
lines. Both effects can be attained in the Garching spectrometer which combines a
well collimated supersonic molecular beam with an extremely narrow band tunable
UV laser [48, 49]. The UV light of about 130 MHz bandwidth is generated by pulsed
amplification of the continuous wave (c.w.) output of a single mode dye laser
(Coherent CR 699/21; Coumarin 102 dye) pumped by a Kr* ion laser (Coherent
CR 3000K) and subsequent frequency doubling in a BBO crystal. The UV light
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needed to pump the three stages of amplification (Coumarin 500 dye) is supplied by
one of the discharge tubes of a Lambda Physik EMG 150 XeCl excimer laser. This
laser system delivers about 400 uJ of UV light, however, only on the order of 1puJ
(focused to about 1 mm) was used for the recording of the spectra reported here. This
is necessary to avoid saturation of the stronger rovibronic transitions [48].

Excitation of the molecules to be studied can either be monitored by observation
of the fluorescence emission [48] or by ionization of the electronically excited
molecules by photons from a second UV laser (pumped by the second discharge
tube of the excimer laser) and subsequent detection of the molecular ions in a linear
time of flight mass spectrometer [49]. The latter method was used for the present
study since it allows for the selection of ions of a specific mass and therefore the
discrimination of other isotopomers of benzene or molecular clusters which might be
present in the expansion. 100 pJ of UV light with a wavelength of 2739 A were used
to ensure a high detection sensitivity and the two laser beams were carefully
overlapped. The particular ionization wavelength was chosen as it does not generate
any ions of C¢HsD by itself.

Commercially obtained C4HsD was used after three freeze, pump and thaw
cycles to prepare a premix of 42 mbar of C4H;D and 5bar of Ar. Due to the mass
selective detection scheme used, even large impurities in the sample would not lead to
extra lines in the spectrum. The gas mixture was then expanded through a pulsed
valve to form the molecular beam. Before entering the interaction chamber, the
beam was skimmed to reduce the residual Doppler broadening. Six individual scans
of 1'6cm™! in the UV were recorded to cover the entire spectral region of interest.
For absolute calibration with an accuracy of about 3 x 10> cm™" the well known
absorption spectrum of I, [S0] was used. Relative calibration of the experimental
spectra was performed according to the simultaneously recorded transmission
spectrum of a precisely calibrated and carefully stabilized Fabry—Perot inter-
ferometer [48]. The overlapping individual scans were finally merged to the com-
prehensive spectrum which was digitally smoothed as described in [40]. Due to the
complex nature of the recording process, relative line intensities in the spectrum
might be only accurate to about 10%.

3. Analysis of the spectrum

Figure 1 shows the definition of the axis system used for monosubstituted ben-
zene derivatives following the Mulliken convention [31, 35]. This convention is most
commonly used for electronic spectra of benzene derivatives, but differs from the one
often used in infrared spectroscopy [29, 36] and also the one used in [32). In the two
conventions the species B; and B, need to be interchanged. For definiteness and in
order to avoid confusion we give the character table for C,, in table 1 with the
definition used here including the cartesian components of the electric dipole
moment vector g in the molecule fixed axis system and the components of the
rotational angular momentum J. Table 1 also contains the reduction np of
vibrational species in C,, for C4HsD [31, 38] and the correlation with the character
table for the molecular symmetry group S; (= Mg) of order four for the
simultaneous permutations of carbons and protons in positions 2,3 and 5,6 respect-
ively, ie. (aB) = (26)(35)(2'6')(3'5'), and space inversion in the centre of mass,
relevant for deriving the reduction of nuclear spin symmetry species np in the
molecular symmetry group. Because of a slight error concerning the nuclear spin
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Table 1. Symmetry species in C,, and S3.

C2 Oy, 0-yz
Cy S E (@ @@ E 9w J KK nm, w2 g

Ay AT 1 1 1 p, ee 11 60 60
A, A1 1 -1 -1 J, €0 3 0 60
B, B 1 -1 1 -1 e J, 0o 6 0 36
B, BY 1 ~1 -1 1 op I oe 10 36 36

@ For the molecular symmetry group [41] we use the symbol S; corresponding to the per-
mutation of the units o and 3 consisting of several nuclei, parity of the species is indicated by
+ or — in the exponent, following [42] (see also text). The columns p and J indicate the species
of the components of the dipole and angular momentum vectors in the molecule fixed axis
system. The column K, K, gives the combination (even, odd), which results in the rotational
species indicated, nr, and np_give the reduction of vibrational normal mode species and
nuclear spin species and g gives the nuclear spin statistical weight for the corresponding
rovibronic species.

statistical weights in [32], we give here a brief statement concerning the origin of the
nuclear spin statistical weights, following, e.g. [42]. The character under (o), an
even parity fermion permutation, must be 1. Thus the total Pauli-allowed species are
A" and A~ (nurovibronic). The four protons 2,3,5,6 generate a reducible representa-
tion of the following structure, with total nuclear spin I for four protons in parenth-
esis: Dp(I = 2) = 5A", Dg(I = 1) = 3A™ + 6B*, Dy(I = 0) = 2A™, hence Dy (total,
four protons) = 10A* + 6B™. These combine with the 2 x 3 = 6 spin functions of
proton (4) and deuteron (1), hence Dy (total, all spins) = 60A™ + 36B™. The 96
functions are all of positive parity. This gives the reduction np, and the weights g
in table 1.
The general electric dipole rovibronic selection rule is

(i) parity change (+ < —)
(ii) conservation of nuclear spin symmetry (i.e. A < B).

Figure 2 shows the scheme of the symmetry allowed, observed transitions.
Rovibronic transitions to the 6a' state are possible due to the component p, of the
dipole operator and transitions to the 6b' state due to the component y,. The
resulting selection rules are AK, = +1,... and AK, = =+1,... for the transitions to
the 6a! state and AK, =0,42,... and AK, = =1,... for the ones to the 6b! state.
Rovibronic states in the two manifolds can be coupled by Coriolis coupling due to
the x component of the rotational angular momentum.

For numerical reasons we used an axis system x’, y’, z’ for the rotational state
calculations, with x’ = z, ' = —y, z’ = x, corresponding to the III" representation of
Watson’s effective Hamiltonian (4 reduction) with diagonal terms:

f{rv& = ijz/ + Bjyzl + Cjzz - AJJ4 - AJKijZZI - Asz4 —%[5‘,}2 + 5]{.}22/,.7_,2_ + j_2]+,

(1)

where J2=J% +J}+J}, and J,=J, £iJ, and with a first-order Coriolis
coupling term

Hc‘:,gr = iggb&z Iy (2)

This was found sufficient to fit the spectrum. We used the program described in {39]

to simulate and analyse the rotational line structure of the transitions. Ground state



Vibronic bands in monodeuterobenzene 5

6b I,
g 6a JKge Teyr [ €™
'] v JKaK C  g—uoay
a1 Tevr JKaKe LN 9571 a- 10
Bt 220-— 7 8- |
104 B~ 221 ~212 B* |
14~ M 1 202 A* |
1ar 212 i
18* 202 - :0.5
054 w g
:ﬁt ne - 101 A- r
18- 1017 000 A* |00
004 B* 000
¢ Rl a p R, Q P
T
cmr!
05 fovr JKaKc
e
A- 1017
004 A* 000

Figure 2. Scheme of the allowed rovibronic transitions of the 6a and 6b vibrations in
C¢H;D.

rotational constants were obtained from microwave spectroscopy [26]. The initial
guess of the so far unknown excited state rotational constants was arbitrarily taken
from the 14 transition {32] and for the Coriolis coupling constant & = 2C¢§ we used
as initial guess (¢ = 0-5788 for the unsubstituted benzene [40]. The splitting of the
vibrational frequencies 6a and 6b was estimated theoretically by Rava ez al. [34] to be
5cm™" and, more accurately, in experiments by Rosman and Rice [33] as 3-1cm™,
which we used as starting value, together with the assumption of equal transition
moments for 6a) and 6b. 330 assigned lines contain the large majority of stronger
transitions. Including some more, weaker transitions in the fit does not change the
results appreciably. '

4. Results and discussion

Figure 3 shows the experimental spectrum together with the simulation using the
initial guess for the spectroscopic parameters. In spite of the relatively large resolu-
tion limited linewidth of 0-0045cm™!, which may be compared to typical Doppler
limited widths between 0-001 and 0-003cm™" for the fundamental transitions in the
infrared at room temperature, the spectrum shows perfectly resolved rovibrational
structure, because of the large changes of the moments of inertia upon electronic
excitation and because of the very low temperatures of about 2K achieved in the
seeded jet expansion. This renders the assignment rather straightfoward with the
initial guess of a simulation systematically shifted to lower frequency with similar
overall structure. One observes two moderately well separated bands. Integrating
the spectrum from 38632-:0cm™' to 386358cm™ and from 38635-8cm™ to
38639-2cm™", respectively, one finds the ratio Ghigh * Glow = 1:2£0-1 for the
relative integrated band strengths of high-frequency band and low-frequency band
in agreement with the value 1-3 given by Rosman and Rice [33]), with G=
Jo@)v™dv o |pg %, see [51].
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Figure 3. Upper trace (i) Experimental supersonic jet spectrum of the coupled 6a} and 6b0
vibronic transmons of the S; — S, electronic transition of C¢HsD. The resolution is
0-0045cm™" and the estimated temperature 2K. Lower trace (ii) Simulation of the
experimental spectrum (7, = 2 K) with estimated spectroscopic constants (see text).

Using the automatic assignment procedure {39], we were able to assign all the
rovibronic lines. Because only low J quantum numbers (J < 6) contribute at these
very low temperatures to the spectrum, it was not possible to fit centrifugal distortion
parameters. Even the two rotational constants C(6a') and C(6b') are highly
correlated with the Coriolis coupling parameter £§ between the two levels. Within
the experimental accuracy the spectra could be equally well fit with £ = 0 or with
£€ = 0-09585cm™!. However, for the fit with &€ = 0 the rotational constant Cg,
(= 00909cm™) dlﬂers much from Cg, (= 0-0849cm™"), which is not plausible for
these nearly degenerate vibrations. At the jsame time, the large apparent inertial
defects obtained from the fit (A = —6-3uA” for 6b! and +6-8uA® for 6a') would
contradict the known planar geometry of benzene in its S; state [11], see also the
discussion for 60100 in [40]. With & = 0, furthermore, transitions involving high K,
K. quantum numbers also show systematic deviations, which are large compared
with the root mean square deviation of the fit. Because of the limited range of J and
K values accessible, we could not use these deviations for the independent determi-
nation of &, Cg, and Cgp. Rather we used two constraints, firstly setting the inertial
defect A to zero:

A:IC—Ia—IbEO, (3)

or alternatively setting Cy, = Cgq,. These physically justified constraints on the
fit should provide rather accurate and reasonable values of the parameters, as
summarized in table 2. The two independent fits showed no systematic deviations
and provide similar parameters. More constants could be derived from uncon-
strained fits of spectra taken at higher temperatures, which might now easily be
assigned, using the present results as a starting point.

The assignment of the low-frequency band as 6a) (A, vibrational, B, vibronic
symmetry, y polarized) and high-frequency band as 6b} (B, vibrational, A, vibronic
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Figure 4. Experimental spectrum (see also caption figure 3) and the best simulations for
T =2-0K (upper) and T = 1-5K (lower).

symmetry, z polarized) results unambiguously from the present high-resolution
analysis of selection rules and statistical weights for the individual line strengths.
This is illustrated in figure 2. As can be seen from figure 4, the final simulations of the
spectra provide an excellent agreement between experiment and simulation. The
rotational temperatures for the best simulations are about 2K. As this corresponds
to (kT/hc) > 1em™ > A4 ~ B > C, even this low temperature is somewhat too high
to observe effects arising from nuclear spin symmetry conservation in the supersonic
jet expansion [42, 43]. In figure 4 we also show a simulation for a rotational tem-
perature of 1-5K which does not show a dramatically poorer agreement with the
experimental spectrum. This is partly due to the low accuracy in the line intensities
caused by the complicated experimental detection. More importantly, jet conditions
used in the recording of the spectrum do not provide a clean Boltzmann distribution
of the rotational states [49].

In order to evaluate the ratio of transition moments (i, /) and the relative sign
of the Coriolis coupling constant £ with respect to the sign of this ratio, we have
simulated the spectrum with variable u,/uy, using 2 Gaussian line shape with a full
width half-maximum (FWHM) of 0-0045cm™! at various temperatures and com-
pared with the experimental spectrum by visual inspection. The best agreement
between experiment and simulation is obtained for

& (’19) >0,
Pa

ad)
Hy

=~ 12401,

(with T, about 2K). One may compare this result with the degenerate polarization
|tea] = |pp| for C¢Hg and the dominant y polarization, i.e. |u,| > |up|, in monosub-
stituted benzene CgHsX with X = F, NH, etc. [37].
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Assuming that the 08 transition occurs at 38 124cm™" [28], one finds for the
fundmentals ', = 510-2cm™ and v, = 513-2cm ™, which can be compared with
the theoretical predictions 513cm™" and 518 cm™! by Rava et al. [34], based on the
harmonic potential of Robey and Schlag [52]. Except for an early result [35] for the
term value 6(a or b); = 603cm ™! there seems to be no accurate knowledge of the
ground state constants of 6a and 6b. Approximate hot band shifts from sequence
transitions N{ 6a,b] are 81-5+ 1cm™' [28]. Considering the absence of anhar-
monicity corrections in the comparison, this shift is roughly consistent with the
observed terms for 6a,b' and 6a,b,, although the problem deserves further
attention, probably best by high-resolution FTIR spectroscopy. Attempts to see 09
by 1-, 2-, and 3-photon spectroscopy directly were unsuccessful [44]. The 6a, 6b
splitting in the ground state of Dy, —~CsH4D, was estimated by contour analysis to be
66+ 0-3cm™! [45].

5. Conclusions

Supersonic jet spectra of monodeutero benzene show two prominent bands of
about equal strength centred at 38 634-24cm™" and 38637-18cm™!, which can be
unambiguously assigned due to their rotational line structure as 6a) for the lower
and 6bé for the higher frequency. The rotational line structure is fully resolved with
an experimental bandwidth of 0-0045cm ™, about an order of magnitude below the
Doppler limit at room temperature. Effective rotational constants and the Coriolis
coupling constant could be evaluated with good accuracy, as well as an approximate
absolute value for the ratio of transition moments for the two polarizations (y
and z). This ratio is close to 1 (about 1-2), which indicates the partial retainment of
the symmetric, degenerate value 1 in Dg, benzene. In the rotational analysis it was
found that the Coriolis coupling between the 6a' state and the 6b' state has to be
included in the modelling in order to obtain physically meaningful values for the
rotational constants. This off-diagonal coupling in the asymmetric top C4HsD is the
direct extension of the well known diagonal Coriolis coupling in the symmetric top
CsHg which splits the (+/) and (—/) levels of the 6' state [11, 40, 48]. The value
0-5453 for the Coriolis coupling constant calculated from (& = &€ /2C lies at nearly
1/6 of the way between the value (s = 0-5788 for CgHg [40] and (s = 0-3912 for C4Dy
[49] in agreement with a simple, intuitive picture.

The line resolved rovibronic transitions allow for accurate conclusions about the
rotational constants, particularly so, as Coriolis coupling is properly accounted for,
and therefore confirmation of the planar Dg, geometry of benzene in its By,
electronic state [11, 40]. The asymmetric top C¢HsD gives, in a sense, more stringent
data on this question than the symmetric top C¢Hg. Of course, small asymmetries of
the equilibrium structure so far cannot be ruled out, neither for the ground nor the
excited state of benzene, as no r, structure is known at present and even the exact
planarity at equilibrium may remain subject to questions, as has been pointed out in
[29], to which we refer for a critical discussion of structural data from rotationally
line resolved data for benzene. In order to discuss the present rotational constants in
terms of structural changes, we have performed some test calculations. A substitu-
tion structure gives rcy = 108-2pm and roe = 139-5pm in the ground electronic
state with Dg, geometry [26]. Electronic excitation (*) into the 6a! or 6b! levels
results in a change Arcy = reg — e =~ —0-5 pm somewhat less than indicated by
the early work on benzene [11], and Argc =~ 3:5pm, in essential agreement with the
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early data [11]. Most of these changes result from electronic excitation, af being
expected to be similar to the ground state value in CgHg (about 0-000 14 cm™! [29)),
the motion of v corresponding to a slight distortion of the CC frame [38]. Our
calculations indicate that additional planar distortions of 0-1% in the CC bond
length or 0-5% in rcy would give significant discrepancies with our experiment on
the excited electronic state, as would changes of the out of plane angle of 3° to 4° into
a boat or chair form of the CC frame and 5° to 6° out of plane angle of the hydrogen
atoms (with planar C¢ frame). Of course, all of these are effective structural changes
in the excited electronic state. Very little can be said about the exact, possibly
distorted r, structure, if, for instance, there are just slight bumps in the potential
at the symmetrical configuration.

The rotational analysis of the vibronic spectrum of asymmetric top benzene is
also of some relevance for current discussions of the analysis of rovibronic spectra of
asymmetric top complexes containing benzene [46, 47]. Assuming a rigid asymmetric
arrangement of benzene in the cluster, the 6' state can be expected to be slightly split
into its a and b components. These will again be coupled by Coriolis coupling and
the influence on the rotational structure in the spectrum will be quite pronounced
due to the small value of the vibronic splitting. As we have clearly shown, a
meaningful structural determination will require proper inclusion of Coriolis
coupling in the rotational analysis of such cluster systems.

Our work is supported financially by the Schweizerischer Nationalfonds and the
Schweizerischer Schulrat, as well as by the Deutsche Forschungsgemeinschaft
(experimental set up and research stipend to E.R.). We wish to thank R. SuBmann
for value help with the experiments.
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Append_ix. List of transition wave-numbers (observed and calculated with the parameters of
fit 1 in table 2). v = 1, ground state; v = 2, 6a' vibronic state; v = 3, 6b' vibronic state

v J K, K] v J Ky K| Donsfem™? | Dobs = Peare/em” j v J Ko K] v T Ko Kof Dupsf/em™" | s —ﬁ(-aur/cm")
2 1 1 1|1 2 0 2 |38633.7766] —0.122E—-04] [2 4 2 2 |1 4 1 3 [38634.5422 0.497E — 03
2212 {1303 (386335578 -0838E-03[. 12 4 23 |1 4 14 [38634.7388| —0.880E —04
23 13 {1404 {386333320] -0577TE-03) {2 5 2 4 {15 1 5 |38634.8515 0.777E — 04
2414|1505 |38633.0930| -0453E£-03} [2 6 2 4 |1 6 1 5 |38634.7598 0.833E — 03
2515|1606 |38632.8406] —0431E—03| (2 2 1 1 [1 2 2 0 |38634.0875| —0.137E—03
26161707 )386325750] —05558—03) j2 2 1 2 )12 21 |38633.907L 0.112E — 02
27174118068 |38632.2064| —0924E-03] {2 3 13113 22 {38633.6977 0.111E - 03
2000 |11 11 [38633.9616] —O0.111E—04} [2 4 1 3 |1 4 2 2 |38633.6505 0.390F — 04
2101|121 2 ]38633.7641 0130£-03| |2 4 14 |1 4 23 |38633.4601] —0.666E 03
2202|1313 |386335578 0.3090E—03] |2 5 1 4 |15 23 |38633.3864] —0.101E —02
23031414 386333320 -0510E—03| {2 5 1 5|15 24 |38633.2080 —0.442E—03
240411515 {38633.0936) -0448E—-03) j2 6 1 5 |1 6 2 4 §38633.1176] —0.748E-03
2605 |16 16 |38632.8406] —0431E—-03| {2 6 16 |1 6 25 |38632.9418] —0.1165~02
2606 |17 17 |38632570] —0.555E—03] [2 3 3 0 |1 3 2 1 |38634.2846 0.204E — 03
2707|1818 |386322964| -—0924E—03| {2 3 3 1 |1 3 2 2 |38634.4628| —0.123E~103
2221 {1312 386333948 —0695E—04| |2 4 3 2 |1 4 2 3 |38634.5568 0.135E — 03
2423 (1514 |38329043] —0511E—-03] |2 6 33 |16 2 4 )38634.5662 0.107E — 02
2524 (1.6 15 |38632.6501| —0.201F—03] |2 6 3 4 |1 6 2 5 |38634.7598 0.698E — 03
26 25 |17 16 {38632.3824] —0232E—-03) [2 3 21 |13 30 |38634.0213 0.719E — 03
2111 {1220 |38633.4063] -0658E—-04]| |2 3 22 {1 3 3 1 {38633.8412 0.703E — 04
2110|1221 |38633.5669 0113E—03| |2 4 2 2 [1 4 3 1 [38633.8605 0.437E — 03
2212|1321 |386328572] —0.73¢£—03) |2 4 2 3 |1 4 3 2 }38633.6338 0.264E — 03
2211 (1322 {38633.3544] —0.206E6—03]| |2 56 23 |1 5 3 2 |38633.5885 0.329E — 03
2313|1422 |38632.2432] —0138E—02] |2 56 2 4 |1 5 3 3 |38633.3864 0.104E — 02
2312|1423 |38633.1425 0247E—03) |2 6 265 j1 6 3 4 }38633.117T5] —0.577E—03
2413|1524 |386329043] —0374FE—04] |2 4 40 |1 4 3 1 |38634.2557 0.540F — 03
2514|1625 |386326501| -—0.171F—-03| {2 4 4 1 |1 4 3 2 |38634.4266 0.924E ~ 03
26 15|17 2-6]38632.3824] —0.230E—03| [2 5 41 |1 5 3 2 |398634.2490 0.102E — 02
2331|1422 |38633.0100 0814E 04} [2 6 4 2 {1 6 3 3 |38634.3466 0.132F — 02
243215 23 |38632.7262 0.838E—03] |2 6 4 3 |1 6 3 4 |38634.5714 0.131E — 02
2533|1624 |38632.4626 0459E—-03) |2 4 3 1 |1 4 4 0 |38633.9278 0.305E — 03
2202|1331 |386327838] -0453E-04] |2 4 3 2 [1 4 4 1 |38633.7548 0.540F — 03
2221|1330 {386330146] —0526F—-03| |2 5 3 2 {1 5 4 1 |38633.7930 0.169F —~ 02
2220|1331 {3833.1500} -0939E—~03{ |2 5 50 |1 5 4 1 |38634.2228 0.638E — 03
2321 {1432 386329241 0998E—04| |2:5 51 [1 5 4 2 |38634.3789| —0.3285—03
2422|1533 |38632.7087 0.891E—03| {2 6 51 |1 6 4 2 |38634.1618 0.168E — 02
2331|1440 |38632.6084 0.105£—03] |2 6 41 {1 5 5 0 |38633.8074 0.777E - 03
2330 )14 41 |38632.7157 0316E-03] |2 1 1 1 j1 0 0 0 |38634.5095] —0.142E—03
243115 42 |38632.4730 0.710E~03| [2 2 1 2 (1 1 0 1 [38634.6647{ —0.358E—03
2632 {16 4 3 |38632.2522 0121E-03| j2 3 13 |1 2 0 2 |38634.8000] —0.867E—03
2441|1550 |38632.1832] -—0.210E~03] |2 4 14 ]1 3 0 3 |38634927T7| —0.367E ~03
2440|1551 |38632.2621 0289E—04( {2 5 15 [1 4 04 {38635.0421( —0.457E-03
21 101{11 01 |38634.3259 0349E—-04| [2 6 16 |1 5 05 |38635.1433| —0.772E ~03
2211|120 2 |38634.4579 0.188E—04] |2 7 1 7 |1 6 0 6 |38635.2323] —0.582E-03
2312|1303 |38634.6099 0.346E—03| {2 8 1 8 |1 7 07 |38635.3080| ~-0.131E-02
24 131)14 04 |3834.7388 0.347E—03| (2 9 1 9 {1 8 0 8 |38635.3724] —0.127E-02
2514|1505 |38634.8515 0.105E—03) |2 10 1 10]1 9 0 9 |38635.4225| —0.378E-02
2101|1110 (386341308 —0496E-04| |2 3 3 1 |1 2 0 2 |38635.5662| —0.749E —06
2202|1211 /386339409 —0555E-03) |2 4 3 2|1 3 03 |38636.0242 0.234F — 03
2303 ({1312 |386337028] —0682E—03| |2 5 3 3 |1 4 0 4 |38636.4955| —0.673E-03
240411413 {38633.4601] —01188~02] j2 2 02 |1 1 1 1 |38634.6517| —0.105E —03
2505|151 4 (386332080 —0476E—03| |2 3 03 |1 2 1 2 |38634.8000 0.403F - 03
26 06 |16 15 |38632.9418] —0115E—02] |2 4 04 |1 3 1 3 [38634.9277| —0.289E—03
2220 |12 11 {38634.3087 0.151£-03| {2 5 05 {1 4 1 4 |38635.0421 ~0.453E - 03
2221 {1212 |386344909| -0853E—o04| [2 6 06 {1 5 1 5 |38635.1433| -—0.772E—03
2321|131 2 |38634.4007 0375E-03] |2 7 07 |16 1 6 |38635.2323] —0.582F —03
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E I K, K;lv J K, K,J o fcm™! I'_’""" — betefem™!| (v J K, K |v J Ka Ko l’/..n,./cm"1 Date = Do fem ™!
2 8 08 |1 7 1 7 |38635.3080 —0.131E - 02 36 06 )1 7 0 7 |38635.7289 ~0.475E — 03
2 9 09 (|18 1 8 (386353724 —0.127E - 02 3707118 08 386355228 ~0.294F — 02
210 0 10|1 ¢ | 9 | 386354225 —0.378E — 02 3808|1909 |386353185 —~0.898E — 03
2 2 211110 |38634.8579 0.348F — 04 3110|1211 |386365400 0.427E — 03
2 2 20 |1 111 |386350189 0.181E — 05 31 11 |12 12 ]38636.7178 ~0.823E — 03
2 3 22 (1211 |38634.9986 —0.139E - 03 3211|1312 |38636.3035 0.501 5 — 03
23 21 (1212 386354963 —0.140F - 03 32121313 (386365191 —~0.655E — 03
2 4 23|13 12 |386351098 ~0.600E — 04 3312|1413 |38636.1039 0.472F - 03
2 4 22 )13 1 3 ]38636.0091 0.694F — 03 3313|1414 |38636.3244 —~0.190E — 03
25 24|14 13 386352189 ~0.359E — 03 3413 [15 14 |386358964 0.432E — 03
2 5 23 |1 41 4 |386364955 0.107E — 02 3414|1515 |38636.1277 ~0.454E — 03
2 6 251{15 14 |386353185 0.299E — 03 35 14|16 15 |386356844 —0.121E — 03
2 8 271|171 6 |386354783 0.352E-03| {35 15 |16 16 |386359291 —0.662F — 03
2 9 28 (1817 |386355382 —0.896E — 03 3615|1716 |386354703 —0.545E - 03
2 4 41 (1312 |386359022 0.200F — 03 3616|1717 |[38635.7289 ~0.175E — 03
2 3 12112 21 |386349569 0305E—05| 137 17 11818 |386355228 —0.294E — 02
2 4 131322 386351035 0345E—04) |38 18 |19 19 ]386353185 ~0.898F — 03
2 5 14|14 23 |386352189 0.192E 03] (31 01 |1 2 2 0 }38636.3372 -~0.267E 03 |
2 6 15|15 24 |386353185 0.335E — 03 3202 {13 21 |38635.8184 0.421E — 03
2 8 17117 26 |38635.4783 0353E—-063| |32 20 |13 21 ]38636.1601 —0.503F —- 04
2 9 18 |18 27 |38635.5382 —0.896F — 03 3221|1322 |386363316 0.309E — 03
2 3 31§12 20 |38635.1959 —0544E—04) |3 3 2 1 |1 4 2 2 |38635.8847 0.993E — 03
23 3012 21 |386353329 0.458F — 03 3322|1423 |38636.1089 0.334E — 03
2 4 32|13 21 |386353236 0337E-03] |34 22 |15 2 3 ]38635.6696 ~0.117E —- 03
2 4 31 1}13 22 |38635.7829 0.777F - 03 342315 24 |386358964 —0.383E — 04
2 6 331|142 2 |386354079 ~0.281E—~03} |35 23 |16 24 |386354530 0.164E — 02
2 5 32|14 2 3 |38636.2854 0.543E — 03 35 24 {16 25 |38635.6844 ~0.163E — 03
2 6 34 (15 23 |38635.4963 0640E—04] [36 2 5 {1 7 2 6 |38635.4703 —0.547E — 03
2 7 35|16 24 |386355788 —0554E—05{ |37 26 |18 27 |38635.2546 —0.247E — 03
2 8 361725 |386356494 —0282E—03] |3 212 ]13 31 |38635.7468 0.791E — 03
25 51 (1422 |38636.2364 0344E-03] |33 12 |14 3 1 |386354225¢} 0.712E —- 03
2 5 23|14 3 2 |38635.3890 —0.775E—04] |33 30 ]1 4 31 |38635.7737 0.717F — 03
2 7 25|16 3 4 |386355789 0.176E — 03 3331 {1432 ]|386359345 —0.266E — 03
2 8 26|17 35 |38635.6494 —~0.260E—-03] {343 1|15 32 |386354530 —0.178E — 03
2 4 4111330 |386355228 0.543E—03}.13 4 32 |1 5 3 3 }38635.6844] 0.258E — 03
2 4 40|13 31 |386356302 0.343E-03| |35 3 2 |16 33 |386352189 0.204E — 02
2 5 42|14 31 |386356386 0327E—03) |35 33 |16 3 4 |3863545630 ~0.180F — 03
25 41|14 32 |38636.0502 0131E—02]| |33 21 |14 40 |38635.4835 0.142F —- 02
26 43|15 32 |38635.6080 0860E—03] |34 2 2 15 41 386350078 0.324E — 03
2 5 321441 |386354835 0.106E—02] |3 4 40 |1 5 41 |386353809 0.146E — 02
2 6 33|15 4 2 |386356653 0954E—03| |3 5-4 2 |1 6 4 3 ]38635.2488 0.145E - 02
2 7 34|16 43 |386357652 0166E—902| 13221 {1 2 0 2 |38637.4346 —~0.688F — 04
25 51 )14 40 386358349 0467E-03) |33 22 |1 3 0 3 |38637.5766 —0.267E — 03
25 50 |14 41 }386359139 0.608E — 03 3423|1404 |38637.7304 —0.154F -~ 03
2 6 52|15 41 |386359439 0.854E — 03 3524|186 05 |38637.8857 0.232E — 04
27 53 {16 42 |386359818 0.107TE-02| |36 25 |1 6 0 6 |38638.0401 0.113E - 02
2 6 42 ]15 5 1 |38635.6989 0.1138-02| |37 26 |1 7 07 |38638.1901 0.138E — 03
26 60155 1 {38636.1849 0.779E — 03 3111 |11 10 |38637.0844 —~0.403E — 03
27 71|16 6 0 |38636.4092 0.143E — 02 3110 (11 11 |38637.2496 —0.323E — 03
2 7 701|166 1 |38636.4435 0.848E — 03 321211211 }38636.9031 ~0.619E — 03
30001 1101 [38636.9094 —0.693E — 03 3211]1212 |38637.3086 —~0.515E — 03
31 01}120 2 [38636.7069 —0.814E - 03 3313 (1312 ]38636.6948 ~0.762E — 03
32 02])130 3 ]38636.5191 0.417E — 03 3312|1313 ]38637.5703 0.169E — 03
33 0311404 |386363244 —0.121E - 03 3.4 14 {1 413 ]386364955 —0.491E - 03
3404|1505 |38636.1277 —0.451F — 03 3413|1414 ]38637.7304 0.355E — 03
\_Ls 05|16 06 |38635.9291 —0.662E — 03 351416 15 [38637.8857 0.575E — 04
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J K, K,] ansfem™! l Dans — Peatef/em™! l v J Ko K| v J Ky K| Dope/em™’ I Dot = Ueatef/em™!
6 1 6 |38638.0401 0I3E-02] [3 2 1 2 [1 1 11 |38637.6138] —0.268E—103
7 1 7 |38638.1901 0.39E—03 |3 3 1 2 |1 2 1 1 |38637.9542 0.105E — 03
3 1 2 |38637.4115 0410603 |3 3 1 3 |12 1 2 |38637.7922 0.5225 — 03
4 1 3 |38637.5184 0.364E 03| |3 4 13 |13 12 |386381008| —0.2176—03
5 1 4 |38637.6530| ~0.304E-03] (3 4 1 4 [1 3 13 |38637.9624| —0.2045—03
6 1 5 {38637.7922| ~0586E-03) {35 1 4 )14 13 |38638.2526 —0.879F-03
2 21 (386368654 -~0.625E—03| [3 5 15 |1 4 1 4 |38638.1301} —0.1185-02
3 22 {38636.6891| ~0434E—03| {3 6 15 [1 5 1 4 |38638.4056} —0.8145-03
4 2 3 |38636.4955 0361E—04( {3 6 1 6 |15 15 [38638.2957} —0.189E - 02
6 2 5 [38636.0958] —~0.6685—03( {3 7 16 |1 6 15 |38638.5563| —0.106E—02
2 2 0 (38637.0644 0.776E—04| |3 7 1 7 |16 1 6 |38638.4592 —0.210E - 02
2 2 1 |38637.2082 0.345E—-05| {38 17 |17 16 |38638.7049( —0.834E~03
3 21 [38636.8750] —0.164E—03| [3 8 1 8 |1 7 1 7 |38638.6199| —0.2155—02
3 2 2 (38637.3369 0.188E—03| |3 9 19 |18 1 8 |38638.7774( —0.207E— 02
4 2 2 386366420 -0.562E—03| (3 3 3 0 |1 2 1 1 |38638.3051] —0.190E 03
4 2 3 |38637.5015 0480E—03] |3 3 31 |12 1 2 |38638.5073 0.939E — 04
5 2 3 [386364215| -0.187TE-03| |3 4 3 1 (1 3 1 2 |38638.7303| —0.109E - 03
5 2 4 |38637.6530 0.173E—02) |3 4 3 2 |13 1 3 |38638.9844| —0.340E—03
6 2 4 |38636.2063| —0.165£-03] 1353 2 |1 4 1 3 |38630.2453 0.123E — 02
6 25 |38637.7922| -04158-03] 13 3 21 |12 2 0 |38638.0700 0.257F — 03
7 2 6 |38637.9322 0.134E-02| {3 3 2 2 |12 2 1 |38637.923¢ 0.190E - 03
4 2 2 |38637.3855 0.396E—03| |3 4 22|13 21 |38638.2675( ~0.118E—-03
5 2 3 |38637.4498 0971E~-03| |3 4 23 |13 2 2 |38638.0955 —0.663E— 04
3 3 1 |38636.7961| -0.385E-03] (35 2 3 |1 4 2 2 |38638.3972| —0.196E — 03
4 3 2 |38636.6243| -0.303E-03| (36 24 |1 4 23 |38638.2526| —0.390F—03
3 30 |38637.0316 0.253E-03! |36 24 15 23 |386385286( ~0.115E~02
3 3 1 (38637.1478 0.1208-03| |36 25 |15 24 |386384056f —0.782E~03
4 31 |38636.8363| —0.965E-04] (3 7 25 |16 2 4 |38638.6664| —0.780E—04
5 3 2 |38636.5820 0.878E—03| |3 7 26 |1 6 2 5 {38638.5563] —0.105E 02
5 3 3 |38637.4115 0.132E—02| |38 26 [17 25 |38638.8018] —0.147E—03
5 4 2 |38636.6400| —0.568E-03| (38 27 |17 26 |38638.7049{ ~0.834F—03
4 4 0 |38636.9840 0.520E—-03| |3 440 |13 21 |38638.6399 0.322E - 03
4 4 1 |38637.0712 0.634E—03| |3 4 4 1 |13 22 |38638.8379| —0.208E—03
5 4 1 |38636.7871 0512E—-03| 135 4 1 |14 2 2 |38639.0097 0.916E — 03
5 4 2 |38637.1527 0.744E-03| 135 4 2 [1 4 2 3 |38639.2813 0.117E — 02
55 0 (38636.9195 0.1115-02| |36 4 2 |15 23 |38639.4903 0.123E — 02
6 5 2 |38637.0316 0.109E—03| |3 4 5 1 |13 30 [386383505| ~0.166E—03
6 6 0 |38636.8363 0160502 13 4 3 2 {1 3 31 {38638.2112 0.106E — 03
6 6 1 |38636.8750 0.907TE—03| {36 3 2 |14 31 |38638.5627 0.266F - 03
0 00 [38637.4404| -—0344F-03| [3.5 33 |1 4 3 2 |38638.3822 0.172F - 03
1 01 |38637.6249] —0.2038-03( {3 6 3 3 {1 5 3 2 |38638.6837 0.840E — 03
2 0 2 {38637.7922| -0612E—03] |3 6 3 4 |15 3 3 |38638.5286 0.750E — 03
3 03 138637.9624) —0.3655-03) |37 34 [16 33 [38638.7928 0.317E - 03
4 0 4 {38638.1301| —0.119E-02| |3 7 35 |16 3 4 |38638.6664 0.820F — 04
5 05 [38638.2057) —0.189E—02f [3 5 5 0 [1 4 3 1 |38638.9735 0.146E — 02
6 0 6 |38638.4592| —0.210E—02| (3 6 51 |15 3 2 |38639.2813 0.172E — 02
7.0 7 138638.6199| —0216E—02] |3 5 41 |14 4 0 |38638.6078 0.639E — 03
8 0 8 |38638.7774 —0.207E—02f [3 5 4 2 |1 4 4 1 |38638.4783 0.583E — 03
1 0 1 |38637.9672| —0.T44E—04| [3 6 4 2 (1 5 4 1 |38638.8379 0.208E - 02
2 0 2 1386384399| —0.895E-04| 3 6 4 3 |1 5 4 2 |38638.6504 0.227E — 03
3 0 3 |38638.9687 0.379E-03| |3 7 4 3 |16 4 2 |38638.9573 0.584E — 03
4 0 4 |38639.4860 0.612E—03| |3 7 4 4 |16 43 |38638.7878 0.787E — 03
1 10 |38637.7659| —0.945E—04] |3 6 5 2 |1 5 5 1 |38638.7245 0.1355 — 02
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