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The j'5 perpendicular band of CDF3 has been studied by means of laser Stark spectroscopy 
using the 10.4 [xm band of the 12C1602 and the 12C1802 laser as infrared radiation sources. The 
assignment was established for more than 500 resonances. The majority of them was measured in 
saturation dip technique. A least-squares analysis of the Stark spectrum, together with recent 
microwave and infrared results, gave the rotation-vibration parameters and the dipole moment 
of the j'5 state. A brief description of the apparatus is also given. 

1. Introduction 

Laser Stark spectroscopy with fixed-frequency 
lasers like CO2, N2O and CO lasers has shown to be 
a very powerfull tool to investigate rotation-vibra-
tion spectra of gaseous molecules. This results from 
the fact that these light sources are very mono-
chromatic and their absolute frequencies are known 
to a high accuracy. The power of these lasers is 
usually strong enough to saturate the molecular 
transitions and thus to observe nonlinear effects 
like Lamb dip or level crossing. Solid state infra-
red detectors allow the detection of weak transi-
tions with high sensitivity. This method has been 
applied to several molecules [1 — 12] primarily sym-
metric top rotors. 

In the present paper we report the application 
to the V5 band of deutero-fluoroform (CDF3). The 
I R spectrum of CDF3 was first reported by Polo 
and Wilson [13], later by Hoskins [14], Ruoff et al. 
[15 — 17] and Fyke et al. [18]. The microwave 
spectra in the ground and several excited states 
have been investigated by Ghosh et al. [19] and 
mainly by Costain [20]. The ground state constants 
except the centrifugal distortion constants are 
given with high precision by Meerts and Ozier [21] 
from molecular beam experiments. 

The 10.4 |xm emission bands of the 12C1602 and 
1 2C 1 80 2 lasers overlap most of the band of CDF3. 
Several near coincidences are found mostly with 
1 2C 1 80 2 laser lines. More than 500 Stark shifted 
molecular transitions are observed which allowed 
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an accurate determination of the molecular para-
meters of the excited state. 

2. Experimental Details 

A block diagram of the apparatus is given in 
Figure 1. The laser cavity of 2.8 m lenght is made 
of a plane grating (100 grooves/mm, biased at 10.6 
p.m) and a partly transmitting concave germanium 
mirror. The reflectivity is 8 0 % except for low gain 
laser lines for which a similar mirror of 9 0 % re-
flectivity is used. The laser gain tube, equipped 
with a water-cooling jacket, is 1.7 m long with 
18 mm I D and sealed with ZnSe windows at 
Brewster angle. The tube is semi-sealed off, which 
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Fig. 1. Block diagram of the spectrometer. The apparatus 
is shown in saturation dip set up. 
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allows also the economic use of C 1 8 02 and 13C(>2 
mixtures as a laser gas. 

The output frequency of the laser is stabilized 
using the Lamb dip in the 4.3 [xm CO2 fluorescence 
radiation [22, 23]. The feed back loop consists of 
the fluorescence cell, the photoconductive In Sb 
detector (Valvo R P Y 3 1 ) , a lock-in amplifier 
(Ithaco 391 A), a HV amplifier and the piezo-
electric translator (Lansing) carrying the concave 
mirror. A sine wave modulation of 0.5—1.4 kHz 
is applied to the translator to gain sensitivity by 
phase sensitive detection of the 4.3 p.m radiation. 
With this feed back loop the line width of the 
laser frequency is in the order of 150 kHz [24]. 
The stabilisation is used commonly throughout all 
experiments. 

The Stark cell consists of two stainless steel plates 
(40 X 10 cm) grounded flat to ± 0 . 5 fi.m. The plates 
are separated by ten precision-ground quartz 
spacers whose nominal thickness is 1 mm. For cali-
bration we observed the QQl( l ) * and the QQ2(2) * 
transitions in the V3 band of methylfluoride (CH3F). 
Using the parameters of Freund et al. [3] this leads 
to an effective plate spacing of 0.104 278(8) cm. 

A DC voltage up to 6 kV from a high voltage 
power supply (Heinzinger H N 6000-10) is supplied 
to one plate superposed by a 10 kHz square wave 
voltage for modulation. The plate voltage is read 
out directly at a digital voltmeter after being fed 
into a voltage divider (Fluke 80 E). The other plate 
is connected to a high voltage DC amplifier (Kepco 
OPS 2000 A) which produces a ramp up to 2 kV 
for varying the Stark field. The ramp voltage is 
compared to a stable DC power supply (Fluke 415 B) 
using a zero-crossing detector. 

The laser radiation is detected by a liquid-nitro-
gen cooled PbSnTe detector (Barnes). The output 
is impedance matched and fed directly into a phase 
sensitive detector (PAR Mod. 128 A). The obtained 
signal is displayed on an oscilloscope or recorded 
on an XY-recorder as the first derivative of the 
absorption line. 

Two samples of CDF3 were used in the course 
of the measurements, one supplied by Merck, Sharp 
and Dohme (Canada) with 9 9 % purity and one 
synthetized in our laboratory. The sample was 
obtained in the following way. A small autoclave 
filled with 0.035 mole pure silver-fluoride (AgF) 

* F o r explanation see capt ion o f Table 2. 

was cooled down to liquid nitrogen temperature 
and evacuated. After adding of 0.011 mole deutero-
bromoform (CDBrs) the autoclave wras closed and 
slowly heated to 180 °C at 2.5 atm pressure. After 
a reaction time of 1/2 hour CDF3 was obtained 
which was purified by fractionated destination. 

The spectra were recorded with parallel polari-
zation of the Stark field with both the 12C1602 and 
the 1 2C1 802 lasers. The sample pressure was in the 
range of 7—20 mTorr and Stark fields up to 
70 kV/cm were applied without discharge. The 
square wave modulation was 0.5 —1.5V for saturation 
dip spectra and 5 —10 V for Doppler limited spectra. 

3. Observed Spectrum 

For an overview a Fourier transform spectrum 
of the CF3 rocking vibration (rs) was recorded. 
Using a Digital Mod FTS-20 spectrometer a resolu-
tion of 0.07 cm - 1 was obtained, which does not 
allow to resolve single lines of the band. Since in 
literature three values for the band centre were 
given [14, 15, 18] a more precise determination was 
carried out. The partial band contour analysis of 
the spectrum leads to a value of 975.42 i 0.01 c m - 1 

[25]. 
Thus the band origin is located between the 

10 R 18 * and 10 R 20 laser lines and many of the 
10.4 p,m band laser lines of both the 1 2C1 602 and 
12Q1802 lasers could be used to observe Stark shifted 
resonances. 

In a first run we recorded the Doppler limited 
spectrum. It appears as many strong and broad 
features with only very few clearly recognizable 
P/R series**. Figures 2 and 3 give some examples. 
To resolve those features it was necessary to record 
also the saturation dip spectrum. Figures 2b and 
3 b give an appropriate example. 

For assignment we use a) the relative intensity 
and relative spacing of consecutive resonances of 
the series and b) the sign and magnitude of the 
Stark coefficient s = dvw{E)ldE (E is the electric 
Stark field and vm(E) is the molecular transition 
frequency at this field). To obtain the Stark coef-
ficient s, we shifted the laser frequency by slightly 
changing the resonator length with laser stabilisa-

* 10 R 18 denotes the R 18 line in the 10.4 /um band of 
the 12C1602 laser while lines referring to the 12C1802 laser 
are given as 10 R 18 (18 0). 

** "Series" denotes sets of Stark shifted transitions all 
originate from the same rovibronic transition. 
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tion off. In nearly all eases the sign of s is the same 
as the sign of the difference between the laser and 
the zero-field transition frequency vl — VM (VL laser 
frequency). 

In Table 1 all assigned Stark shifted transitions 
are listed. The given transition frequencies at the 
indicated field are calculated using the derived 
parameters in Table 3. The laser frequencies are 
those reported by Petersen et al. [26] and by Freed 
et al. [27]. Table 2 shows the corresponding zero-
field transition frequencies and the differences to 
the appropriate laser line. 

4. Analysis 

The Hamiltonian used for the analysis is given 
by [28, 29] 

H = Hq -j- Hi + Hs. (1) 

H0 denotes the rotational energy corrected for 

Fig. 2. Part of the spectrum of CDF3 using the 10 R 16 
laser line. 
a) Doppler limited spectrum, sample pressure: 10 mT; 

modulation: 8 Vpp, 10 kHz; time constant for detec-
tion: 100 msec. 

b) saturation dip spectrum of the same range. The M-
components of the two Q-branch transitions are marked; 
sample pressure: 8 mT; modulation 1 Vpp, 10 kHz; 
time constant for detection: 100 msec. 

rQ,(12) 

- V 
300 

centrifugal distortion and Ha the Stark energy. 
Since the V5 vibrational state is a degenerate E state, 
the Coriolis splitting and the Z-type doubling inter-
action has to be considered which is denoted by Hi . 
Only the first order Coriolis interaction and the 
(Ak= ±2, Al= ±2) interaction [29] is explicitly 
included. All other higher order rotation-vibration 
interactions were neglected. W e also ignored the 
J, k dependence of the dipole moment and the 
contributions to the Stark effect from the vibration 
induced dipole moment and the polarizability aniso-
tropy. 

The following matrix elements are explicitly con-
sidered for the excited state in units of fr: 

<J, k, I, M\H0\ J, k, I, M} 

= + B' J(J + 1) + (C - B')W 

- Dj'JHJ + 1)2 _ DjK J(J + 1 ) F 
-D'Kk\ (2) 

M 1l| 10] 9] sl T[ 
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Fig. 3. Part of the spectrum of CDF3 using the 10 R 22 
laser line. 
a) Doppler limited spectrum. 
b) saturation dip spectrum. Experimental details see 

Figure 2. 
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<,J,k, I, M\HI\ J, k, I, M } 

= - kl[2(C'£)5 - RJJJ(J + 1) - T]KK2], ( 3 ) 

< J, k, I, M\Hi\J,k±2,l± 2, M} = 2 q5 (4) 
• y [ j ( j + i ) - k ( k - i ) ] [ j { j + i ) - ( k - i ) ( k - 2 ) ] , 

<•J,k, l,M\Hs\J,k, I, My 

= - ju'EkM/JiJ + 1), 

<J, k, I, M\HS\J — 1, k, I, My 

t (J2 _ tf) (J2 _ M2) 

J2(2J — 1 ) ( 2 J + 1) 

(5) 

(6) 

In these expression V50 is the frequency of the band 
centre; C' and B' are the rotational constants; 
DJ, D'JK and D'K are the centrifugal distortion 
constants; (C"|)5 is the Coriolis coupling constant; 
r\j and tjk are centrifugal corrections to the Coriolis 
coupling; <75 is the Z-type doubling constant; /u' is 
the dipole moment and E is the applied Stark field. 
J is the quantum number of the total angular 
momentum, k= — J, — J 1, ..., J is the projec-
tion of the rotational angular momentum and 
1= —v, — v -f- 2, ..., v the projection of the vibra-
tional angular momentum with respect to the sym-
metry axis of the rotor and v is the vibrational 
quantum number. 
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Table 1 a. Observed Stark shifted transitions using the 12C1602 laser lines. Only a fraction of these transitions were included 
laser lines and its frequencies are given as headline. 

•J" K " M" J ' K ' M'- F I E L D 
V/CM 

VM(E) 
MHZ 

V M ( E ) - V L 
MHZ 

J " K" M" J ' K ' M ' F I E L D 
V/CM 

VM ( E ) 
MHZ 

V M ( E ) - V L 
MHZ 

10R 4 2 8 9 2 3 0 4 6 . 4 MHZ 9 6 4 . 7 6 8 9 8 CM-1 1 OR 16 2 9 1 7 8 4 5 5 . 7 MHZ 9 7 3 . 2 8 8 5 2 CM-1 

13 3 - 1 1 12 4 - 1 1 30864 2 8 9 2 3 1 0 8 4 62 0 9 3 9 9 4 9 6 3 5 0 2 9 1 7 8 4 5 4 8 - 0 . 8 
13 3 - 1 0 12 4 - 1 0 33912 2 8 9 2 3 1 0 5 3 5 8 . S 9 3 S 9 4 8 7146 2 9 1 7 8 4 5 4 . 4 - 1 . 2 
13 3 - 9 12 4 - 9 37660 2 8 9 2 3 1 0 3 7 57 3 9 3 7 9 4 7 8 1 5 9 2 9 1 7 8 4 5 4 6 - 1 . 0 
13 3 - 3 12 4 - 8 42292 2 8 9 2 3 0 9 3 . 7 5 2 . 3 9 3 6 9 4 6 9 5 1 6 2 9 1 7 8 4 5 4 3 - 1 . 4 

8 3 3 8 4 8 7469 2 9 1 7 8 4 5 5 6 - 0 . 1 
10R 6 2 3 9 6 7 4 5 7 . 1 MHZ 9 6 6 . 2 5 0 3 6 CM-1 8 3 7 8 4 7 8 5 3 0 2 9 1 7 3 4 5 5 . 5 - 0 . 2 

8 3 6 8 4 6 9958 2 9 1 7 8 4 5 4 . 1 - 1 . 5 
10 4 - 9 9 5 - 9 25064 2 8 9 6 7 4 0 2 3 - 5 4 8 8 3 5 8 4 5 11919 2 9 1 7 3 4 5 4 5 - 1 . 2 
10 4 - 3 9 5 - 8 2 8 2 3 6 2 8 9 6 7 4 0 2 7 - 5 4 . 3 
10 4 - 7 9 5 - 7 32264 2 8 9 6 7 3 9 5 7 - 6 1 . 4 7 3 7 7 4 7 8 0 1 2 2 9 1 7 3 4 5 7 . 8 2 . 1 
10 4 - 6 9 5 - 6 37753 2 8 9 6 7 3 9 6 3 - 6 0 . 8 7 3 6 7 4 6 9 3 4 7 2 9 1 7 8 4 5 6 5 0 . 8 

7 3 5 7 4 5 11200 2 9 1 7 8 4 5 5 5 - 0 . 1 
7 3 4 7 4 4 13934 2 9 1 7 3 4 5 5 . 5 - 0 . 2 

10R 8 290111C 3 . 0 MHZ 9 6 7 . 7 0 7 2 3 CM-1 
6 3 6 6 4 6 8 0 7 4 2 9 1 7 8 4 5 8 7 3 . 0 

11 0 - 9 10 1 - 9 2 9 9 2 2 9 0 1 1 1 7 6 4 43 4 6 3 5 6 4 5 9 6 7 5 2 9 1 7 8 4 5 7 1 1 . 4 
1 1 0 - 8 10 1 - 8 3356 2 9 0 1 1 1 76 0 43 0 6 3 4 6 4 4 12043 2 9 1 7 8 4 5 5 7 0 . 1 
11 0 - 7 10 1 - 7 3835 2 9 0 1 1 1 7 6 0 43 0 
1 1 0 - 6 10 1 - 6 4480 2 9 0 1 1 1 7 6 . 3 4 3 . 3 5 3 5 5 4 5 7 7 1 9 2 9 1 7 8 4 5 7 8 2 . 2 
11 0 - 5 10 1 - 5 5 3 6 0 2 9 0 1 1 1 7 5 9 42 9 5 3 4 5 4 4 9 5 8 7 2 9 1 7 8 4 5 8 0 2 . 3 
1 1 0 - 4 10 1 - 4 6673 2 9 0 1 1 1 7 5 4 42 4 
11 0 - 3 10 1 - 3 8874 2 9 0 1 1 1 7 5 4 42 4 4 3 4 4 4 4 6984 2 9 1 7 3 4 5 9 4 3 . 7 
1 1 0 " 2 10 1 13221 2 9 0 1 1 1 7 5 4 42 4 4 3 3 4 4 3 9 1 5 8 2 9 1 7 8 4 6 2 0 6 . 4 

1 OR 10 2905407 2 . 7 MHZ 9 6 9 . 1 3 9 5 5 CM-1 1 ORIS 29 2184 3 0 . 7 MHZ 9 7 4 . 6 2 1 9 4 CM-1 

3 1 3 7 2 3 732 2 9 0 5 4 1 1 0 6 37 9 4 4 - 3 3 3 - 3 3279 2 9 2 1 8 4 0 2 6 - 2 8 . 1 
8 1 2 7 2 2 1088 2 9 0 5 4 1 1 0 9 38 3 4 4 - 2 3 3 - 2 4996 2 9 2 1 8 4 0 4 3 - 2 6 . 4 
s 1 1 7 2 1 2 1 0 0 2 9 0 5 4 1 1 2 4 39 7 4 4 - 1 3 3 - 1 10692 2 9 2 1 8 4 0 3 4 - 2 7 . 3 

7 2 6 6 3 6 17895 29054094 0 21 3 
7 2 5 6 3 5 21401 2 9 0 5 4 0 9 7 5 24 9 10R22 2 9 2 9 6 1 3 6 . 4 MHZ 9 7 7 . 2 1 3 9 2 CM-1 
7 2 4 6 3 4 26615 2 9 0 5 4 1 0 0 5 27 8 
7 2 3 6 3 3 35422 2 9 0 5 4 0 7 6 7 4 0 16 4 16 16 3 16 2 6 4 8 4 2 9 2 9 6 1 2 4 1 - 1 2 . 3 

16 4 15 16 3 15 2 8 1 9 3 2 9 2 9 6 1 2 1 8 - 1 4 . 5 
6 3 5 5 4 5 24690 2 9 0 5 4 0 5 8 4 - 1 4 3 16 4 14 16 3 14 30247 2 9 2 9 6 1 2 3 8 - 1 2 . 6 
6 3 4 5 4 4 3 0 4 0 8 2 9 0 5 4 0 6 9 1 - 3 6 16 4 13 16 3 13 3 2 5 8 2 2 9 2 9 6 1 2 4 6 - 1 1 . 8 

15 4 15 15 3 15 18787 2 9 2 9 6 1 2 2 1 - 1 4 . 2 
1 OR 16 291784^ 5 . 7 MH7 9 7 3 . 2 8 8 5 2 CM-1 15 4 14 15 3 14 2 0 1 4 2 2 9 2 9 6 1 2 3 0 - 1 3 . 4 

15 4 13 15 3 13 2 1 6 8 2 2 9 2 9 6 1 2 2 8 - 1 3 . 6 
15 3 - 1 5 15 4 - 1 5 15895 2 9 1 7 8 4 4 7 8 - 7 9 15 4 12 15 3 12 23487 2 9 2 9 6 1 2 3 0 - 1 3 . 4 
15 3 - 1 4 15 4 - 1 4 17046 2 9 1 7 8 4 4 8 5 - 7 2 15 4 11 15 3 1 1 2 5 6 2 6 2 9 2 9 6 1 2 3 5 - 1 2 . 8 
15 3 - 1 3 15 4 - 1 3 18356 2 9 1 7 8 4 4 8 3 - 7 4 
15 3 - 1 2 15 4 - 1 2 19906 2 9 1 7 8 4 4 9 0 - 6 7 14 4 14 14 3 14 12243 2 9 2 9 6 1 2 1 3 - 1 5 . 0 
15 3 - 1 1 15 4 - 1 1 21720 2 9 1 7 8 4 4 9 0 - 6 . 7 14 4 13 14 3 13 13206 2 9 2 9 6 1 2 2 3 - 1 4 . 1 
15 3 - 1 0 15 4 - 1 0 23925 2 9 1 7 8 4 4 9 3 - 5 8 14 4 12 14 3 12 14312 2 9 2 9 6 1 2 2 7 - 1 3 . 7 

14 4 11 14 3 11 15600 2 9 2 9 6 1 2 2 3 - 1 4 . 1 
14 3 - 1 4 14 4 - 1 4 9963 2 9 1 7 8 4 4 7 3 - 8 4 14 4 10 14 3 10 17168 2 9 2 9 6 1 2 2 8 - 1 3 . 5 
14 3 - 1 3 14 4 - 1 3 10741 2 9 1 7 8 4 4 7 9 - 7 8 14 4 9 14 3 9 19054 2 9 2 9 6 1 2 2 4 - 1 4 . 0 
14 3 - 1 2 14 4 - 1 2 11649 2 9 1 7 8 4 4 8 4 - 7 3 
14 3 - 1 1 14 4 - 1 1 12717 2 9 1 7 8 4 4 8 7 - 7 0 13 4 13 13 3 13 6736 2 9 2 9 6 1 2 1 6 - 1 4 . 7 
14 3 - 1 0 14 4 - 1 0 13983 2 9 1 7 8 4 4 8 3 - 7 3 13 4 12 13 3 12 7357 2 9 2 9 6 1 2 2 0 - 1 4 . 4 
14 3 - 9 14 4 - 9 15554 2 9 1 7 8 4 4 8 8 - 6 9 13 4 11 13 3 11 8014 2 9 2 9 6 1 2 1 5 - 1 4 . 9 
14 3 - 3 14 4 - 8 17501 2 9 1 7 8 4 4 8 6 - 7 0 13 4 10 13 3 10 8826 2 9 2 9 6 1 2 2 0 - 1 4 . 4 

13 4 9 13 3 9 9811 2 9 2 9 6 1 2 2 3 - 1 4 . 1 
13 3 - 1 3 13 4 - 1 3 5022 2 9 1 7 8 4 4 7 8 - 7 8 13 4 3 13 3 g 11043 2 9 2 9 6 1 2 2 8 - 1 3 . 5 
13 3 - 1 2 13 4 - 1 2 5443 2 9 1 7 8 4 4 8 2 - 7 4 
13 3 - 1 1 13 4 - 1 1 5945 2 9 1 7 8 4 4 8 3 - 7 4 12 4 12 12 3 12 2286 2 9 2 9 6 1 2 0 8 - 1 5 . 6 
13 3 - 1 0 13 4 - 1 0 6546 2 9 1 7 8 4 4 8 5 - 7 1 12 4 1 1 12 3 1 1 2504 2 9 2 9 6 1 2 1 3 - 1 5 . 0 
13 3 - 9 13 4 -•9 7285 2 9 1 7 8 4 4 9 0 - 6 7 12 4 10 12 3 10 2758 2 9 2 9 6 1 2 1 5 - 1 4 . 8 
13 3 - 8 13 4 - 8 8193 2 9 1 7 8 4 4 8 8 - 6 9 12 4 9 12 3 9 3 0 7 0 2 9 2 9 6 1 2 1 8 - 1 4 . 6 

12 4 8 12 3 8 3463 2 9 2 9 6 1 2 2 2 - 1 4 . 2 
12 3 - 1 2 12 4 - 1 2 1007 2 9 1 7 8 4 4 9 9 - 5 8 
12 3 - 1 1 12 4 - 1 1 1099 2 9 1 7 8 4 5 0 0 - 5 7 1 1 4 - 1 1 1 1 3 - 1 1 1244 2 9 2 9 6 1 2 3 9 - 1 2 . 5 
12 3 - 1 0 12 4 - 1 0 1212 2 9 1 7 8 4 5 0 1 - 5 6 1 1 4 - 1 0 11 3 - 1 0 1369 2 9 2 9 6 1 2 3 8 - 1 2 . 5 
12 3 - 9 12 4 - 9 1349 2 9 1 7 8 4 5 0 2 - 5 5 11 4 - 9 1 1 3 - 9 1525 2 9 2 9 6 1 2 3 6 - 1 2 . 7 
12 3 - 8 12 4 - 8 1519 2 9 1 7 8 4 5 0 3 - 5 4 11 4 - 8 1 1 3 - 8 1716 2 9 2 9 6 1 2 3 6 - 1 2 . 8 
12 3 - 7 12 4 - 7 1741 2 9 1 7 8 4 5 0 4 - 5 2 1 1 4 - 7 1 1 3 - 7 1961 2 9 2 9 6 1 2 3 7 - 1 2 . 7 
12 3 - 6 12 4 - 6 2030 2 9 1 7 8 4 5 0 4 - 5 3 

10 4 - 1 0 10 3 - 1 0 3953 2 9 2 9 6 1 2 6 8 - 9 . 6 
1 1 3 1 1 1 1 4 1 1 2 1 6 2 2 9 1 7 3 4 5 3 1 - 2 5 10 4 - 9 10 3 -9 4399 2 9 2 9 6 1 2 6 4 - 9 . 9 
1 1 3 10 1 1 4 10 2379 2 9 1 7 8 4 5 3 1 - 2 6 10 4 - 8 10 3 - 8 4956 2 9 2 9 6 1 2 6 1 - 1 0 . 3 
1 1 3 9 1 1 4 9 2649 2 9 1 7 8 4 5 2 7 - 2 9 10 4 - 7 10 3 - 7 5 6 7 4 2 9 2 9 6 1 2 5 6 - 1 0 . 7 
1 1 3 8 11 4 8 2986 2 9 1 7 8 4 5 2 4 - 3 3 10 4 - 6 10 3 - 6 6 6 3 0 2 9 2 9 6 1 2 5 4 - 1 1 . 0 
11 3 7 11 4 7 3415 2 9 1 7 8 4 5 2 3 - 3 4 
11 3 6 1 1 4 6 3 9 7 2 2 9 1 7 8 4 5 2 7 - 3 0 9 4 - 9 9 3 - 9 5944 2 9 2 9 6 1 2 6 9 - 9 . 5 
1 1 3 5 1 1 4 5 4776 2 9 1 7 8 4 5 2 3 - 3 3 9 4 - 8 9 3 - 8 6696 2 9 2 9 6 1 2 6 5 - 9 . 9 

9 4 - 7 9 3 - 7 7 6 6 6 2 9 2 9 6 1 2 5 9 - 1 0 . 5 
10 3 10 10 4 10 4601 29178454 2 - 1 4 9 4 - 6 9 3 - 6 3 9 7 4 2 9 2 9 6 1 2 4 3 - 1 1 . 6 
10 3 9 10 4 9 5115 2 9 1 7 8 4 5 3 9 - 1 7 
10 3 8 10 4 8 5758 2 9 1 7 8 4 5 3 6 - 2 0 8 4 - 8 8 3 - 3 7 2 5 2 2 9 2 9 6 1 2 6 6 - 9 . 8 
10 3 7 10 4 7 6581 2 9 1 7 8 4 5 3 5 - 2 2 8 4 - 7 8 3 - 7 8 2 8 7 2 9 2 9 6 1 2 7 3 - 9 . 1 
10 3 6 10 4 6 7681 2 9 1 7 8 4 5 3 1 - 2 6 8 4 - 6 8 3 - 6 9 6 9 3 2 9 2 9 6 1 2 6 5 - 9 . 9 
10 3 5 10 4 5 9206 2 9 1 7 8 4 5 3 2 - 2 5 8 4 - 5 8 3 - 5 1 1662 2 9 2 9 6 1 2 6 2 - 1 0 . 1 
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in the fit (see text).VM(E) Frequency of the M-component at the indicated field. VL Frequency of the laser line. The 

J " K " M" J ' K ' M' F IELD 
V/CM 

VM(E> 
MHZ 

VM < E > -VL 
MHZ 

J " K " M" J' K ' M ' F I E L D 
V/CM 

VM( E) 
MHZ 

VM(E > — 
MHZ 

10R22 2 9 2 9 6 1 3 6 . 4 MHZ 9 7 7 . 2 1 3 9 2 CM-1 10R34 2 9 5 1 1 0 6 6 . 7 MHZ 9 8 4 . 3 8 3 2 3 CM-1 

7 4 - 7 7 3 - 7 7921 2 9 2 9 6 1 2 8 6 - 7 7 10 4 - 1 0 11 3 - 1 0 3 0 7 5 5 2 9 5 1 1 0 3 0 1 - 3 6 . 5 
7 4 - 6 7 3 - 6 9 2 7 0 2 9 2 9 6 1 2 7 5 - 8 9 10 4 - 9 11 3 - 9 3 4 0 9 0 2 9 5 1 1 0 3 9 7 - 2 6 . 9 
7 4 - 5 7 3 - 5 11169 2 9 2 9 6 1 2 6 5 - 9 9 10 4 - 8 11 3 - 8 3 3 4 1 2 2 9 5 1 1 0 3 6 6 - 3 0 . 0 
7 4 - 4 7 3 - 4 14040 2 9 2 9 6 1 2 6 2 - 1 0 2 10 4 - 7 11 3 - 7 4 3 9 7 0 2 9 5 1 1 0 3 4 4 - 3 2 . 2 

10 4 - 6 11 3 - 6 5 1 3 3 4 2 9 5 1 1 0 3 7 0 - 2 9 . 6 
6 4 - 6 6 3 - 6 8065 2 9 2 9 6 1 2 9 2 - 7 1 10 4 - 5 11 3 - 5 6 1 9 7 1 2 9 5 1 1 0 2 5 3 - 4 1 . 4 
6 4 - 5 6 3 - 5 9693 2 9 2 9 6 1 3 0 § - 5 6 
6 4 - 4 6 3 - 4 12248 2 9 2 9 6 1 2 6 3 - 1 0 0 9 5 - 9 10 4 - 9 4579 2 9 5 1 1 0 4 5 2 - 2 1 . 5 

9 5 - 8 10 4 - 8 5 1 5 8 2 9 5 1 1 0 4 4 5 - 2 2 . 2 
9 5 - 7 10 4 - 7 5883 2 9 5 1 1 0 4 6 0 - 2 0 . 6 

10R26 293708 2 9 . 6 MHZ 9 7 9 . 7 0 5 4 2 CM-1 9 5 - 6 10 4 - 6 6 8 7 2 2 9 5 1 1 0 4 5 . 5 - 2 1 . 1 
9 5 - 5 10 4 - 5 8223 2 9 5 1 1 0 4 8 0 - 1 8 . 6 

7 1 7 8 2 7 10306 2 9 3 7 0 8 4 8 1 18 5 9 5 - 4 10 4 - 4 10321 2 9 5 1 1 0 4 6 5 - 2 0 . 2 
7 1 6 8 2 6 11925 2 9 3 7 0 3 5 1 . 1 2 1 . 5 9 5 - 3 10 4 - 3 13849 2 9 5 1 1 0 4 4 8 - 2 1 . 9 
7 1 5 S 2 5 14266 2 9 3 7 0 8 5 0 1 2 0 . 5 
7 1 4 8 2 4 17510 2 9 3 7 0 8 5 5 5 25 9 8 6 3 9 5 8 11587 2 9 5 1 1 0 6 5 9 - 0 . 8 

8 6 7 9 5 7 13221 2 9 5 1 1 0 6 5 7 - 1 . 0 
6 0 - 6 7 1 - 6 25180 2 9 3 7 0 8 8 2 7 5 3 1 8 6 6 9 5 6 15377 2 9 5 1 1 0 6 3 9 - 2 . 7 
6 0 - 5 7 1 - 5 30460 2 9 3 7 0 8 3 6 9 57 3 8 6 5 9 5 5 18393 2 9 5 1 1 0 6 5 7 - 0 . 9 
6 0 - 4 7 1 - 4 3 3 2 9 1 2 9 3 7 0 8 7 1 . 7 4 2 . 1 S 6 4 9 5 4 22837 2 9 5 1 1 0 6 5 2 - 1 . 5 
6 0 - 3 7 1 ~ 3 52734 2 9 3 7 0 8 8 4 1 54 5 8 6 3 9 5 3 2 9 9 6 6 2 9 5 1 1 0 6 1 5 - 5 . 2 

10R28 2 9 4 0 7 0 3 8 . 2 MHZ 9 8 0 . 9 1 3 2 1 CM-1 1 OR 36 2 9 5 4 4 1 9 6 . 3 MHZ 9 8 5 . 4 8 8 3 1 CM-1 

8 0 8 9 1 3 11299 2 9 4 0 7 0 4 8 0 7 10 6 - 1 0 11 5 - 1 0 29347 2 9 5 4 4 1 8 4 5 - 1 1 . 8 
3 0 7 9 1 7 12902 2 9 4 0 7 0 4 7 7 9 4 10 6 - 9 11 5 - 9 33194 2 9 5 4 4 1 8 6 2 - 1 0 . 1 
3 0 6 9 1 6 15025 2 9 4 0 7 0 4 7 5 9 3 10 6 - 8 11 5 - 8 3 7 3 9 2 2 9 5 4 4 1 8 8 8 - 7 . 6 
8 0 5 9 1 5 17968 2 9 4 0 7 0 4 7 7 9 4 10 6 - 7 11 5 - 7 4 2 8 2 3 2 9 5 4 4 1 9 1 7 - 4 . 6 
3 0 4 9 1 4 22141 2 9 4 0 7 0 5 4 4 16 2 10 6 - 6 11 5 - 6 50184 2 9 5 4 4 1 9 1 . 4 - 4 . 9 
8 0 3 9 1 3 2 9 3 1 2 2 9 4 0 7 0 5 0 1 11 9 10 6 - 5 11 5 - 5 6 0 7 0 8 2 9 5 4 4 1 8 8 9 - 7 . 4 

7 1 7 8 0 7 19579 2 9 4 0 7 0 6 7 6 2 9 4 9 7 - 9 10 6 - 9 7901 2 9 5 4 4 1 8 6 5 - 9 . 9 
7 1 6 8 0 6 22837 2 9 4 0 7 0 6 4 1 25 9 9 7 - 8 10 6 - 3 8 8 7 3 2 9 5 4 4 1 9 0 0 - 6 . 4 
7 1 5 8 0 5 27476 2 9 4 0 7 0 6 4 5 26 2 9 7 - 7 10 6 - 7 10098 2 9 5 4 4 1 9 7 0 0 . 7 
7 1 4 8 0 4 34521 2 9 4 0 7 0 6 5 3 27 5 9 7 - 6 10 6 - 6 11841 2 9 5 4 4 1 9 2 6 - 3 . 7 

9 7 - 5 10 6 - 5 14260 2 9 5 4 4 1 9 1 7 - 4 . 6 
6 2 6 7 1 6 32411 2 9 4 0 7 0 4 3 3 5 1 9 7 - 4 10 6 - 4 17897 2 9 5 4 4 1 9 3 . 6 - 2 . 7 
6 2 7 1 5 38324 2 9 4 0 7 0 4 0 4 2 1 
6 2 4 7 1 4 48503 2 9 4 0 7 0 4 9 0 10 8 

10R38 2 9 5 7 6 5 4 5 . 1 MHZ 9 8 6 . 5 6 7 3 5 CM-1 
5 3 5 6 2 5 35326 2 9 4 0 7 0 3 9 8 1 5 
5 3 4 6 2 4 43600 2 9 4 0 7 0 3 8 1 - 0 2 14 3 14 15 2 14 10477 2 9 5 7 6 5 4 1 8 - 3 . 3 
5 3 3 6 2 3 5 6 6 5 9 2 9 4 0 7 0 3 7 1 - 1 1 14 3 13 15 2 13 11334 2 9 5 7 6 5 4 5 0 - 0 . 2 

14 3 12 15 2 12 12264 2 9 5 7 6 5 4 4 1 - 1 . 0 
14 3 11 15 2 11 13371 2 9 5 7 6 5 4 3 . 7 - 1 . 4 

1 OR 30 2 9 4 4 2 4 8 3 . 3 MHZ 9 8 2 . 0 9 5 5 3 CM-1 14 3 10 15 2 10 14728 2 9 5 7 6 5 4 4 6 - 0 . 5 
14 3 9 15 2 9 16395 2 9 5 7 6 5 4 5 9 0 . 7 

9 1 - 7 10 0 - 7 29014 2 9 4 4 2 4 7 5 2 - 3 1 14 3 8 15 2 8 13427 2 9 5 7 6 5 4 5 . 1 - 0 . 0 
9 1 - 6 10 0 - 6 33822 2 9 4 4 2 4 7 2 3 - 1 1 0 14 3 7 15 2 7 2 1 0 7 2 2 9 5 7 6 5 4 5 4 0 . 3 
9 1 - 5 10 0 - 5 40558 2 9 4 4 2 4 6 6 3 - 1 7 0 14 3 5 15 2 5 29421 2 9 5 7 6 5 4 3 0 - 2 . 2 
9 1 - 4 10 0 - 4 5 0 2 6 2 2 9 4 4 2 4 6 9 . 0 - 1 4 . 3 14 3 6 15 2 6 2 4 6 4 3 2 9 5 7 6 5 4 7 0 1 . 8 

3 8 9 1 g 9215 2 9 4 4 2 4 8 9 8 6 9 9 - 6 10 8 - 6 2 1 9 7 2 2 9 5 7 6 5 1 6 3 - 2 8 . 8 
3 2 7 9 1 7 10497 2 9 4 4 2 4 8 6 3 3 0 9 9 - 5 10 8 —5 2 6 5 7 1 2 9 5 7 6 5 1 7 0 - 2 8 . 1 
3 2 6 9 1 6 12255 2 9 4 4 2 4 8 6 8 3 5 9 9 - 4 10 8 - 4 33765 2 9 5 7 6 5 1 3 3 - 3 1 . 8 
S 2 5 9 1 5 14701 2 9 4 4 2 4 8 6 1 2 8 
8 2 4 9 1 4 18343 2 9 4 4 2 4 8 3 6 0 3 

10R40 2 9 6 0 8 1 0 3 . 2 MHZ 9 8 7 . 6 2 0 1 8 CM-1 
7 3 7 8 2 7 25530 2 9 4 4 2 4 8 2 1 - 1 2 
7 3 6 8 2 6 29733 2 9 4 4 2 4 8 1 5 - 1 8 13 6 13 14 5 13 12198 2 9 6 0 8 1 1 4 8 6 . 7 
7 3 5 3 2 5 3 5 5 6 0 2 9 4 4 2 4 7 8 7 - 4 . 6 13 6 12 14 5 12 13195 2 9 6 0 8 1 1 3 3 5 . 1 
7 3 4 8 2 4 44194 2 9 4 4 2 4 7 4 8 - 8 5 13 6 11 14 5 11 14413 2 9 6 0 8 1 1 5 0 6 . 9 
7 3 3 8 2 3 5 8 4 3 5 2 9 4 4 2 4 3 2 0 - 1 3 13 6 10 14 5 10 15332 2 9 6 0 8 1 1 3 7 5 . 6 

13 6 9 14 5 9 17587 2 9 6 0 8 1 1 3 9 5 . 7 
6 4 6 7 3 6 32116 2 9 4 4 2 4 7 3 9 - 9 4 13 6 8 14 5 8 19639 2 9 6 0 8 1 0 5 7 - 2 . 4 

4 5 7 3 5 38205 2 9 4 4 2 4 6 8 4 - 1 4 9 13 6 7 14 5 7 2 2 4 9 7 2 9 6 0 8 1 0 9 . 4 1 . 2 
A 4 4 7 3 4 4 7 0 9 3 2 9 4 4 2 4 6 8 8 - 1 4 5 13 6 6 14 5 6 2 6 1 8 9 2 9 6 0 8 1 0 8 2 0 . 0 

13 6 5 14 5 5 3 1 3 2 0 2 9 6 0 8 1 0 6 4 - 1 . 8 

10R32 2 9 4 7 7 1 6 0 . 9 MHZ 9 3 3 . 2 5 2 2 5 CM-1 
10R42 2 9 6 3 8 8 8 0 . 2 MHZ 9 8 8 . 6 4 6 6 3 CM-1 

9 3 - 9 10 2 - 9 7221 2 9 4 7 7 1 4 1 5 - 1 9 3 
9 3 —8 10 2 - 8 8152 2 9 4 7 7 1 3 8 3 - 2 2 1 13 8 - 1 3 14 7 - 1 3 16993 2 9 6 3 3 8 9 2 9 1 2 . 6 
9 3 - 7 10 2 - 7 9345 2 9 4 7 7 1 3 6 4 - 2 4 5 13 8 - 1 2 14 7 - 1 2 18326 2 9 6 3 8 9 0 2 2 2 2 . 0 
9 3 - 6 10 2 - 6 10903 2 9 4 7 7 1 3 6 4 - 2 4 4 13 8 - 1 1 14 7 - 1 1 2 0 0 7 1 2 9 6 3 8 8 9 5 6 1 5 . 4 
9 3 - 5 10 2 - 5 13117 2 9 4 7 7 1 3 4 5 - 2 6 3 13 8 - 1 0 14 7 - 1 0 2 1 9 9 8 2 9 6 3 8 9 0 3 7 2 3 . 5 

13 3 - 9 14 7 - 9 24357 2 9 6 3 8 9 1 2 . 0 3 1 . 8 
3 4 3 9 3 8 13563 2 9 4 7 7 1 4 7 3 - 1 3 13 8 - 8 14 7 - 8 2 7 4 2 6 2 9 6 3 8 9 1 2 7 3 2 . 5 
3 4 7 9 3 7 15483 2 9 4 7 7 1 4 7 3 - 1 3 5 
8 4 6 9 3 6 18092 2 9 4 7 7 1 5 2 3 —8 5 12 o 12 13 8 12 5044 2 9 6 3 8 8 6 0 . 0 - 2 0 . 2 
g 4 4 9 3 4 2 6 9 2 9 2 9 4 7 7 1 4 3 9 - 1 2 0 12 9 11 13 8 11 5 5 5 2 2 9 6 3 8 8 6 6 . 3 - 1 4 . 0 
3 4 3 9 3 3 35536 2 9 4 7 7 1 4 4 5 - 1 6 4 12 9 10 13 8 10 6003 2 7 6 3 8 8 5 4 . 3 - 2 5 . 4 

12 9 9 13 8 9 6741 2 9 6 3 8 8 6 2 2 - 1 8 . 0 
7 5 7 3 4 7 2 4 5 4 9 2 9 4 7 7 1 5 0 8 - 1 0 0 12 9 8 13 8 8 7556 2 9 6 3 8 8 6 0 1 - 2 0 . 1 
7 5 6 8 4 6 2 8 4 9 3 2 9 4 7 7 1 4 6 5 - 1 4 3 12 9 7 13 8 7 8669 2 9 6 3 8 8 6 3 . 2 - 1 7 . 1 
7 j i 5 8 4 5 33982 2 9 4 7 7 1 5 0 7 - 1 0 1 12 9 6 13 8 6 10002 2 9 6 3 3 3 5 6 4 - 2 3 . 8 
7 5 4 8 4 4 41910 2 9 4 7 7 1 4 6 2 - 1 4 6 12 9 5 13 8 5 12015 2 9 6 3 8 8 5 8 4 - 2 1 . 8 

12 9 4 13 8 4 14950 2 9 6 3 8 8 5 7 5 - 2 2 . 7 
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Table l b . Observed Stark shifted transitions using the 12C1802 laser lines. 

J » KM M" J- K ' M ' F IELD 
V/CM 

VM (E) 
MHZ 

V M ( E ) - V L 
MHZ 

J " K " M" J ' K ' M ' F IELD 
V/CM 

VM(E) 
MHZ 

VM(E)-V 
MHZ 

10R12 2 9 2 4 1 2 6 8 . 9 MHZ 9 7 5 . 3 8 3 7 4 CM-1 10R16 2 9 3 1 2 2 1 7 . 6 MHZ 9 7 7 . 7 5 0 3 3 CM-1 

2 3 1 - 2 3 2 3 0 - 2 3 13705 2 9 2 4 1 2 6 3 3 - 5 7 16 5 16 16 4 16 10171 2 9 3 1 2 2 1 6 1 - 1 . 4 
2 3 1 - 2 2 23 0 - 2 2 14319 2 9 2 4 1 2 6 3 6 - 5 4 16 5 15 16 4 15 10854 2 9 3 1 2 2 1 6 4 - 1 . 2 
2 3 1 - 2 1 2 3 0 - 2 1 15009 2 9 2 4 1 2 6 3 3 - 5 6 16 5 14 16 4 14 11637 2 9 3 1 2 2 1 6 8 - 0 . 8 
2 3 1 - 2 0 2 3 0 - 2 0 15761 2 9 2 4 1 2 6 3 . 3 - 5 . 7 16 5 13 16 4 13 12529 2 9 3 1 2 2 1 6 7 - 0 . 8 
2 3 1 - 1 9 2 3 0 - 1 9 16603 2 9 2 4 1 2 6 3 0 - 6 0 16 5 12 16 4 12 13565 2 9 3 1 2 2 1 6 5 - 1 . 0 
2 3 1 - 1 8 2 3 0 - I S 17532 2 9 2 4 1 2 6 2 8 - 6 2 16 5 11 16 4 11 14301 2 9 3 1 2 2 1 6 7 - 0 . 8 
2 3 1 - 1 7 2 3 0 - 1 7 18538 2 9 2 4 1 2 6 3 4 - 5 . 5 16 5 10 16 4 10 16273 2 9 3 1 2 2 1 6 7 - 0 . 9 
2 3 1 - 1 6 2 3 0 - 1 6 19698 2 9 2 4 1 2 6 3 4 - 5 5 
23 1 - 1 5 2 3 0 - 1 5 21025 2 9 2 4 1 2 6 3 1 - 5 8 15 5 15 15 4 15 3429 2 9 3 1 2 2 1 7 7 0 . 2 

15 5 14 15 4 14 3675 2 9 3 1 2 2 1 7 8 0 . 2 
15 5 13 15 4 13 3960 2 9 3 1 2 2 1 7 9 0 . 3 

1 OR 1 4 2 9 2 7 7 1 4 4 . 9 MHZ 9 7 6 . 5 8 0 4 3 CM-1 15 5 12 15 4 12 4285 2 9 3 1 2 2 1 7 7 0 . 1 
15 5 11 15 4 11 4671 2 9 3 1 2 2 1 7 6 0 . 0 

2 0 3 20 20 2 20 14198 2 9 2 7 7 1 4 1 6 - 3 3 15 5 10 15 4 10 5 1 4 2 2 9 3 1 2 2 1 7 7 0 . 2 
2 0 3 19 20 2 19 14950 2 9 2 7 7 1 4 1 8 - 3 1 15 5 9 15 4 9 5709 2 9 3 1 2 2 1 7 6 0 . 1 
2 0 3 18 2 0 2 I S 15772 2 9 2 7 7 1 4 1 5 - 3 . 3 15 5 8 15 4 8 6416 2 9 3 1 2 2 1 7 5 - 0 . 1 
2 0 3 17 2 0 2 17 16707 2 9 2 7 7 1 4 1 8 - 3 1 15 5 7 15 4 7 7342 2 9 3 1 2 2 1 7 7 0 . 2 
2 0 3 16 2 0 2 16 17748 2 9 2 7 7 1 4 1 7 - 3 1 
2 0 3 15 2 0 2 15 18935 2 9 2 7 7 1 4 1 . 9 - 3 . 0 14 5 - 1 4 14 4 - 1 4 2183 2 9 3 1 2 2 1 8 5 1 . 0 
2 0 3 14 20 2 14 20285 2 9 2 7 7 1 4 1 9 - 3 0 14 5 - 1 3 14 4 - 1 3 2351 2 9 3 1 2 2 1 8 5 0 . 9 
2 0 3 13 2 0 2 13 21843 2 9 2 7 7 1 4 1 9 - 3 0 14 5 - 1 2 14 4 - 1 2 2549 2 9 3 1 2 2 1 8 4 0 . 9 
2 0 3 12 2 0 2 12 2366S 2 9 2 7 7 1 4 2 0 - 2 8 14 5 - 1 1 14 4 - 1 1 2780 2 9 3 1 2 2 1 8 4 0 . 9 
2 0 3 11 2 0 2 11 25828 2 9 2 7 7 1 4 2 3 - 2 5 14 5 - 1 0 14 4 - 1 0 3059 2 9 3 1 2 2 1 8 4 0 . 9 
2 0 3 10 20 2 10 28410 2 9 2 7 7 1 4 2 5 - 2 4 14 5 - 9 14 4 - 9 3429 2 9 3 1 2 2 1 7 4 - 0 . 2 

14 5 - 8 14 4 - 8 3826 2 9 3 1 2 2 1 8 4 0 . 8 
1? 3 19 19 2 19 4069 2 9 2 7 7 1 4 2 9 - 2 0 14 5 - 7 14 4 - 7 4363 2 9 3 1 2 2 1 8 7 1 . 1 
19 3 18 19 2 18 4294 2 9 2 7 7 1 4 2 8 - 2 0 
19 3 17 19 2 17 4547 2 9 2 7 7 1 4 2 S - 2 0 13 5 - 1 3 13 4 - 1 3 6729 2 9 3 1 2 2 1 9 1 1 . 6 
19 3 16 19 2 16 4836 2 9 2 7 7 1 4 3 0 - 1 9 13 5 - 1 2 13 4 - 1 2 7 2 9 2 2 9 3 1 2 2 1 9 1 1 . 5 
19 3 15 19 2 15 5156 2 9 2 7 7 1 4 2 9 - 1 9 13 5 - 1 1 13 4 - 1 1 7946 2 9 3 1 2 2 1 9 6 2 . 0 
19 3 14 19 2 14 5524 2 9 2 7 7 1 4 2 9 - 1 9 13 5 - 1 0 13 4 - 1 0 8749 2 9 3 1 2 2 1 9 3 1 . 8 
19 3 13 19 2 13 5 9 6 1 2 9 2 7 7 1 4 3 3 - 1 6 13 5 - 9 13 4 - 9 9716 2 9 3 1 2 2 1 9 7 2 . 1 
19 3 12 19 2 12 6429 2 9 2 7 7 1 4 2 5 - 2 3 13 5 - 8 13 4 - 3 10947 2 9 3 1 2 2 1 9 3 1 . 7 
19 3 11 19 2 11 7037 2 9 2 7 7 1 4 3 1 - 1 8 
19 3 10 19 2 10 7741 2 9 2 7 7 1 4 3 1 - 1 7 12 5 - 1 2 12 4 - 1 2 10271 2 9 3 1 2 2 2 0 5 2 . 9 
19 3 9 19 2 9 8600 2 9 2 7 7 1 4 3 1 - 1 7 12 5 - 1 1 12 4 - 1 1 11212 2 9 3 1 2 2 2 0 3 2 . 7 
19 3 8 19 2 8 9681 2 9 2 7 7 1 4 3 2 - 1 6 12 5 - 1 0 12 4 - 1 0 12343 2 9 3 1 2 2 2 0 0 2 . 5 

12 5 - 9 12 4 - 9 13719 2 9 3 1 2 2 2 0 2 2 . 6 
I S 3 - 1 8 18 2 - 1 8 4636 2 9 2 7 7 1 4 4 2 - 0 6 12 5 - 8 12 4 - 8 15433 2 9 3 1 2 2 2 0 7 3 . 1 
18 3 - 1 7 18 2 - 1 7 4910 2 9 2 7 7 1 4 4 2 - 0 7 12 5 - 7 12 4 - 7 17694 2 9 3 1 2 2 1 9 4 1 . 8 
13 3 - 1 6 18 2 - 1 6 5215 2 9 2 7 7 1 4 4 2 - 0 6 
13 3 - 1 5 I S 2 - 1 5 5562 2 9 2 7 7 1 4 4 3 - 0 6 11 5 - 1 1 11 4 - 1 1 12913 2 9 3 1 2 2 2 0 7 3 . 1 
18 3 - 1 4 18 2 - 1 4 5961 2 9 2 7 7 1 4 4 2 - 0 6 11 5 - 1 0 11 4 - 1 0 14208 2 9 3 1 2 2 2 0 9 3 . 4 
18 3 - 1 3 18 2 - 1 3 6429 2 9 2 7 7 1 4 3 9 - 0 9 11 5 - 9 11 4 - 9 15795 2 9 3 1 2 2 2 1 1 3 . 6 
18 3 - 1 2 18 2 - 1 2 6959 2 9 2 7 7 1 4 4 1 - 0 7 11 5 - 8 1 1 4 - 8 17779 2 9 3 1 2 2 2 1 6 4 . 1 
18 3 - 1 1 18 2 - 1 1 7596 2 9 2 7 7 1 4 4 0 - 0 8 11 5 - 7 11 4 - 7 20349 2 9 3 1 2 2 2 1 7 4 . 1 
18 3 - 1 0 18 2 - 1 0 8354 2 9 2 7 7 1 4 4 1 - 0 8 11 5 - 6 11 4 - 6 23813 2 9 3 1 2 2 2 1 1 3 . 5 
18 3 - 9 18 2 - 9 9286 2 9 2 7 7 1 4 4 0 - 0 8 
18 3 - 8 I S 2 - 8 10442 2 9 2 7 7 1 4 4 1 - 0 7 10 5 - 1 0 10 4 - 1 0 14700 2 9 3 1 2 2 2 1 7 4 . 1 

10 5 - 9 10 4 - 9 16343 2 9 3 1 2 2 2 2 0 4 . 5 
17 3 - 1 7 17 2 - 1 7 12016 2 9 2 7 7 1 4 4 s - 0 0 10 5 - 8 10 4 - 8 18378 2 9 3 1 2 2 2 3 9 6 . 4 
17 3 - 1 6 17 2 - 1 6 12773 2 9 2 7 7 1 4 4 6 - 0 2 
17 3 - 1 5 17 2 - 1 5 13636 2 9 2 7 7 1 4 4 2 - 0 6 
17 3 - 1 4 17 2 - 1 4 14593 2 9 2 7 7 1 4 4 9 0 0 10R18 2 9 3 4 6 4 S 5 . 3 MHZ 9 7 8 . 8 9 3 3 8 CM-1 
17 3 - 1 3 17 2 - 1 3 15713 2 9 2 7 7 1 4 5 0 0 2 
17 3 - 1 2 17 2 - 1 2 17031 2 9 2 7 7 1 4 4 8 - 0 0 I S 7 18 13 6 I S 39145 2 9 3 4 6 4 8 9 3 4 . 0 
17 3 - 1 1 17 2 - 1 1 18583 2 9 2 7 7 1 4 4 8 - 0 0 
17 3 - 1 0 17 2 - 1 0 2 0 4 3 5 2 9 2 7 7 1 4 5 1 0 3 17 7 17 17 6 17 29002 2 9 3 4 6 4 8 9 5 4 . 2 
17 3 - 9 17 2 - 9 22712 2 9 2 7 7 1 4 5 1 0 3 17 7 16 17 6 16 30829 2 9 3 4 6 4 9 0 4 5 . 2 
17 3 - 3 17 2 - 8 2 5 5 6 5 2 9 2 7 7 1 4 5 1 0 2 17 7 15 17 6 15 32872 2 9 3 4 6 4 9 0 5 5 . 2 

17 7 14 17 6 14 35189 2 9 3 4 6 4 9 0 0 4 . 7 
16 3 - 1 6 16 2 - 1 6 18126 2 9 2 7 7 1 4 5 6 0 8 
16 3 - 1 5 16 2 - 1 5 19336 2 9 2 7 7 1 4 5 7 0 8 16 7 16 16 6 16 20264 2 9 3 4 6 4 9 2 5 7 . 3 
16 3 - 1 4 16 2 - 1 4 2 0 7 2 0 2 9 2 7 7 1 4 5 7 0 8 16 7 15 16 6 15 21602 2 9 3 4 6 4 9 2 2 7 . 0 
16 3 - 1 3 16 2 - 1 3 2 2 3 0 9 2 9 2 7 7 1 4 6 0 1 1 16 7 14 16 6 14 23111 2 9 3 4 6 4 9 1 2 5 . 9 
16 3 - 1 2 16 2 - 1 2 24175 2 9 2 7 7 1 4 5 9 1 1 16 7 13 16 6 13 24890 2 9 3 4 6 4 9 1 6 6 . 3 
16 3 - 1 1 16 2 - 1 1 26386 2 9 2 7 7 1 4 5 7 0 9 16 7 12 16 6 12 26966 2 9 3 4 6 4 9 2 2 6 . 9 
16 3 - 1 0 16 2 - 1 0 28887 2 9 2 7 7 1 5 0 2 5 3 16 7 11 16 6 11 29382 2 9 3 4 6 4 9 1 7 6 . 4 
16 3 - 9 16 2 - 9 3227 1 2 9 2 7 7 1 4 5 9 1 0 16 7 10 16 6 10 32327 2 9 3 4 6 4 9 2 8 7 . 5 

16 7 9 16 6 9 35920 2 9 3 4 6 4 9 4 0 8 . 7 

1 OR 16 2 9 3 1 2 2 1 7 . 6 MHZ 9 7 7 . 7 5 0 3 3 CM-1 15 7 15 15 6 15 12740 2 9 3 4 6 4 9 3 6 8 . 3 
15 7 14 15 6 14 13636 2 9 3 4 6 4 9 3 1 7 . 8 

18 5 I S 18 4 18 27450 2 9 3 1 2 2 1 5 1 - 2 4 15 7 13 15 6 13 14692 2 9 3 4 6 4 9 3 6 8 . 3 
18 5 17 18 4 17 2 9 0 8 0 2 9 3 1 2 2 1 5 9 - 1 6 15 7 12 15 6 12 15®04 2 9 3 4 6 4 9 3 4 8 . 1 
18 5 16 18 4 16 30871 2 9 3 1 2 2 1 5 2 - 2 3 15 7 11 15 6 11 17345 2 9 3 4 6 4 9 3 5 8 . 2 
18 5 15 I S 4 15 3 2 8 9 9 2 9 3 1 2 2 1 4 4 - 3 1 15 7 10 15 6 10 19063 2 9 3 4 6 4 9 3 3 8 . 0 

15 7 9 15 6 9 21193 2 9 3 4 6 4 9 4 2 8 . 9 
17 5 17 17 4 17 18148 2 9 3 1 2 2 1 5 1 - 2 4 15 7 8 15 6 8 23804 2 9 3 4 6 4 9 3 9 8 . 6 
17 5 16 17 4 16 19299 2 9 3 1 2 2 1 6 0 - 1 6 15 7 7 15 6 7 27163 2 9 3 4 6 4 9 4 0 8 . 7 
17 5 15 17 4 15 20586 2 9 3 1 2 2 1 6 1 - 1 4 
17 5 14 17 4 14 22045 2 9 3 1 2 2 1 5 9 - 1 7 
17 5 13 17 4 13 23735 2 9 3 1 2 2 1 5 9 - 1 7 
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TRANSITION VM(O) VM(0)-VL LASER 
MHZ MHZ LINE 

RP4(12) 28923750, .0 703, .7 10R 4 
RP3(13) 23920521. ,0 -2525. ,6 10R 4 
RP4(10) 28963791, . 0 -3666, . 5 10R 6 
RP5( 9) 28966923, .0 -534, , 5 10R 6 
RP6( 8) 28969970, ,0 2512. .9 10R 6 
RPO(11) 29011069, ,0 -64. ,5 10R 8 * 
RP1( 3) 29054151. ,0 77. , o 10R10 
RP2( 7) 29057338. ,0 3265. , 2 1 OR 10 
RP3( 6) 29060495. ,0 6422. , 2 1 OR 10 
RQ3(15) 29177608. ,0 -847, ,7 1 OR 16 
RG3(14) 29177386. ,0 -569. ,9 10R16 
RG3(13) 29173145. ,0 -311. , 1 10R16 
RG3(12) 29178335. ,0 -71. , 3 10R16 
RQ3(11) 29178606. ,0 149. , 7 1 OR 16 
RQ3(10) 29178808. ,0 352. ,0 1 OR 16 
RG3( 9) 29178991. ,0 535. ,5 1 OR 16 
RQ3( 3) 29179156. 0 700. 5 10R16 
RQ3 ( 7) 29179303. ,0 847. ,0 1 OR 16 
RQ3( 6) 29179431. ,0 975. ,0 10R16 
RG3 ( 5) 29179540. ,0 1084. ,7 10R16 
RQ3( 4) 29179632. ,0 1 175. ,9 1 OR 16 
PP4( 4) 29217985. ,0 -446. 0 10R18 
PG4(16) 29294362. ,0 -1274. , 5 10R22 
PG4(15) 29295171. ,0 -965, ,8 10R22 
PQ4(14) 29295460. ,0 -676. , 9 10R22 
PG4(13) 29295729. ,0 -407. ,7 10R22 
PG4(12) 29295978. 0 -153. 3 10R22 
PG4<11 ) 29296203. ,0 71. 7 10R22 
PG4(10) 29296419. ,0 282. , 1 10R22 
PQ4( 9) 29296610. ,0 473. , 2 10R22 
PG4( S) 29296781. ,0 644. ,9 10R22 
PQ4( 7) 29296934. 0 797. 4 10R22 
PQ4( 6) 29297067. ,0 930. , 7 10R22 
RR1( 7) 29371436. ,0 606. ,0 10R26 
RR0( 6) 29368595. 0 -2234. 6 10R26 * 
RR0( 8) 29407990. ,0 -951. , S 10R28 * 
PR1( 7) 29405001. ,0 -2037. 3 10R23 
PR2( 6) 29402123. ,0 -4915. o 10R28 
PR3( 5) 29399252. ,0 -7786. ,4 10R28 
PR1( 9) 29444310. ,0 1826. ,4 10R30 
PR2( 8) 29441472. ,0 -1011. 0 10R30 
PR3( 7) 29438641. ,0 -3842. 4 10R30 
PR4( 6) 29435813. ,0 -6665. , 3 10R30 
PR3( 9) 29477946. ,0 785. 2 10R32 
PR4( 8) 29475164. ,0 -1997. ,3 10R32 
PR5( 7) 29472389. ,0 -4771. i 5 10R32 
PR4(10) 29514424. ,0 3356. ,7 10R34 
PR5( 9) 29511690. ,0 623. 6 10R34 
PR6( 8) 29508963. 0 -2104. 1 10R34 
PR6(10) 29548218. 0 4021. 3 10R36 
PR7( 9) 29545532. 0 1335. 2 10R36 
PR3(14) 29575825. 0 -720. 4 10R33 
PR9( 9) 29579417. 0 2372. 0 10R38 
PR6(13) 29606932. 0 -1176. 4 10R40 
PR8(13) 29640793. 0 1912. 2 10R42 
PR9(12) 29638187. ,0 -693. 8 10R42 

For the ground state we use the matrix elements 
(2), (5) and (6) with the corresponding ground state 
constants. 

The energy matrix is set up for each state and 
each K, 31-set separately and diagonal-
ized. For the excited state the matrix is offdiagonal 
in J, k and I. While the dimension of the matrix is 
finite in k and I, it is infinite in J. For diagonalisa-
tion the matrix was truncated at J -f-10, which 
gives the energy levels to the desired accuracy. 

The parameters in Table 3 are obtained by a 
modified least-squares fit [30, 31] including 79 rota-

Table 2a. Zero-field transitions of the observed lines using 
the i2C1602 laser lines. RP 4 (12) denotes a AK—-\-1, 
AJ = — 1, -K" = 4;, J — 12 transition. * The lower member 
of the I doublett is observed. 

Table 2b. Zero-field transitions of the observed lines using 
the 12C1802 laser lines. 

RANSITIÜN VM (0) VM(0) --VL LASER 
MHZ MHZ LINE 

PQ1(23) 29241735. ,0 465. , 5 10R12 
PQ3(20) 29276590. ,0 -554. ,3 10R14 
PQ3 <19) 29276977. ,0 -168. ,0 10R14 
PQ3(18) 29277344. ,0 198. ,5 10R14 
PQ3(17) 29277690. ,0 545. .0 10R14 
PQ3(16) 29278016. ,0 371, ,4 10R14 
PQ5(18) 29311052. ,0 -1166. ,0 10R16 
PG5(17) 29311403. ,0 -814. ,7 10R16 
PQ5<16) 29311734. ,0 -483. ,6 1 OR 16 
PG5(15) 29312045. ,0 -172. ,6 10R16 
PG5(14) 29312336. ,0 118. ,3 10R16 
PQ5(13) 29312607. ,0 389. ,4 10R16 
PQ5(12) 29312858. 0 640. 6 10R16 
PQ5(11) 29313090. 0 872. 10R16 
PQ5(10) 29313302. ,0 1084. ,2 10R16 
PG7(18) 29344852. ,0 -1633. 7 10R18 
PQ7(17) 29345203. 0 -1277. 1 10R13 
PG7(16) 29345544. 0 -941. ,0 10R18 
PG7<15) 29345860. ,0 -625. , 3 10R18 
PG7(14) 29346156. ,0 -329. ,9 10R18 
PG7(13) 29346431. ,0 -54. ,7 10R18 
PQ7(12) 29346686. ,0 200. , 3 10R18 
PG7(11) 29346921. ,0 435. ,4 10R18 
PG7(10) 29347136. ,0 650. ,6 10R13 
PQ7( 9) 29347331. 0 346. ,0 1 OR 13 
PQ7( 8) 29347507. 0 1021. ,6 10R18 
RR18(23) 29380042. 0 95. , 5 10R20 
PQ9(17) 29379053. 0 -893. 3 10R20 
PG9(16) 29379395. 0 -551. , 7 10R20 
PQ9(15) 29379715. ,0 -230. 9 10R20 
PQ9(14) 29330016. ,0 69. , 3 10R20 
PQ9(13) 29380295. ,0 349. ,0 10R20 
PQ9(12) 29380555. ,0 608. ,2 10R20 
PG9(11) 29380793. ,0 847. ,2 10R20 
PG9(10) 29381012. 0 1065. , 9 10R20 

tion-vibration transitions. For each transition we 
included a maximum of three M-components. The 
weight for each Jl/-component is chosen such that 
each rotation vibration-transition had the same 
weight. 

5. Discussion 

As one may see from Table 1 or 2 much less 
P/R-branch than Q-branch transitions were as-
signed. This results from the facts that a) the 
chance for a laser line hitting a P/R-branch transi-
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Table 3. Molecular Constants of CDF3. The errors given are 
2.5 times the standard deviation. 

0 

0.0 975.4317 (3) cm - 1 

0.0 29242707.5 (8.4) MHz 
^ 1.6403 (26) 1.6499(32) Debye 
B 9921.0318a 9911.7382 a MHz 
C 5673.23 b 5672.48 (74) MHz 
DJ 0.0098 a 0.0102 (01) MHz 
DJK -0.0148 c -0.0131 (25) MHz 
DK 0.2218(121)* 0.3312(112)* MHz 
(CT) — 4151.97(1.15) MHz 
VJ — 0.0263 (162) MHz 
R)K — -0.2027(1163)* MHz 
? — 0.6219 MHz 

* These three parameters are significantly correlated. The 
errors given do not account for this correlation (see text). 

a Ref. [20], b Ref. [21], c Ref. [32]. 

tion is significant less and b) P/R-branch lines 
usually have a much smaller Stark coefficient. 
Thus those lines are wider spread and appear in 
the saturation dip spectrum as broad and weak 
signals. On the other hand in the Doppler limited 
spectra they were covered by the strong and broad 
features originating from Q-branch transitions. 

As a consequence of the position of the band 
centre we could observe 20 R-branch transitions 
and only 9 P-branch transitions. Therefore the 
parameters associated with the k quantum number-
especially D'k, D'k and rjK — are determined less 
accurately than the others. The ground state para-
meter D'k can be evaluated by microwave spectro-
scopy only by observing Ak = 3 transition which 
was not done up to now. In addition the mentioned 
parameters are significantly correlated, so they 
could not be fitted at one. To derive suitable 
parameters we tried to fix D'% to zero. This led to 
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