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The v3 fundamental of CH3F has been remeasured using a tunable diode laser and a waveguide
COq laser. Combination of this new measurement with earlier laser and microwave results has
allowed us to obtain improved spectral parameters for both the ground and the v3=1 excited

state.

Introduction

Two papers have recently appeared in which it
was attempted to determine the molecular con-
stants of methyl fluoride (CH3F) in the ground state
and in the vg = 1 excited state [1, 2]. In both cases
all constants could not be determined and assump-
tions had to be made concerning the values of some
constants. As CH3F is a very useful molecule for
the calibration of a spectrometer (millimeter-wave
Stark spectroscopy or diode laser spectroscopy) and
for testing the performances of a new spectrometer,
we have accurately measured many new transitions
in the v fundamental using a tunable diode laser
and a waveguide CO2 laser. These new measure-
ments in conjunction with earlier laser (laser-Stark
[3,4] and tunable side-band laser [1]) and micro-
wave [5—10] results have allowed us to obtain im-
proved values for the rotational and distortion con-
stants, including all the sextic constants.

Observation

1. Saturation Spectroscopy with a COs Waveguide

Laser

Waveguide operation of CO; lasers allows a much
wider frequency tuning range than is normally pos-
sible. An absorption cell was placed in the cavity
of the waveguide laser, and when an absorption
line fell within the tuning range of the laser, satura-
tion resonances (inverted Lamb dips) were observed.
Further experimental details are given elsewhere
[11]. In order to enhance the sensitivity of the ap-
paratus, Stark modulation of the absorption lines

Reprint request to be sent to Dr. F. Herlemont, U.E.R. de
Physique Fondamentale, Université de Lille I, F. 59655
Villeneuve d’ascq Cedex, France.

has been used. Accurate frequency measurements of
the Lamb dip signals were performed by directly
counting the frequency difference between the wave-
guide laser and a reference COg laser. This latter
laser is of conventional design and was frequency
stabilized using the fluorescence detected Lamb dip
technique [12].

The frequencies of the QQ (12, 1) and 2Q (12, 2)
lines are given in Table 1. The uncertainty is esti-
mated to be roughly the halfwidth of the zerofield
inverse Lamb dips.

The QQ (12, 2) line frequency is in agreement with
the previously reported value and about ten times
more accurate [3,4]. From our measurements we
can see that the best frequency coincidence with
the conventional CO; laser is with the QQ (12, 2)
line, which is only 38.1 MHz from its center. Sub-
millimeter emissions can be obtained when pumping
on either of the two lines Q@ (12, 1) and QQ (12, 2),
but C. W. pumping is able to generate only the
496.105 pm emission (J =13, K =2 - J = 12,
K = 2) line. This is in agreement with the fact
that the QQ (12, 2) is indeed closer to the COg laser
line center and is stronger than the QQ (12, 1).

Additional lines of CH3F were observed with the
waveguide laser. One is about 60 MHz below the
9P (24) emission line center and could be the °Q
(22, 16). The QR (4, 3) of 13CH3F has also been
observed on the lower frequency side of the 9P (32)
laser emission. A slight absorption occurs on the
9P (30) line and could be assigned to a hot band
transition [4].

The QQ (12, 3) has also been observed about
216 MHz above the 9P (20) laser line, but it was
too close to the limit of the tuning range to get an
accurate frequency measurement.
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Table 1. Observed transitions of the »3 band of CH3F.

Sub band K vobs (GHz)2 o—c MHz
QQx (1) 1 314359182 — 89
QQx (2) 1 31434.562 2 — 104
2 31 346.696 2 — 84
Qk (3) 1 31432.5392 — 1.7
QPg (1) 0 31385.4884 0.1
Wx (12) 1 31 383.841 4b 0.7
2 31 383.938 5P — 0.7
4 31384.3454 — 1.8
5 31384.6754 7.1
6 31 385.090 4 11.5
7 31 385.600 4 9.8
8 31 386.230 4 12.0
9 31 386.993 4 12.0
10 31387.9274 —23.8
12 31390.362 4 — 0.79
QQx (13) 3 31 375.286 4 — 255
4 31375.5314 — 74
5 31375.8294 —123
6 31376.226 4 — 31
7 31376.718 4 + 4.8
8 31377.3204 + 121
9 31378.0434 +11.8
11 31 379.968 4 + 5.0
12 31381.2374 — 3.7
QQx (18) 3 31321.3145 1.8
4 31321.4405 — 127
5 31 321.653 5 9.9
6 31321.9025 11.2
7 31322.2015 — 338
8 31 322.601 5 + 4.7
9 31 323.083 5 44
10 31 323.667 5 — 1.0
12 31325.2355 — 171
13 31326.2995 — 53
14 31327.580 5 — 44

2 Diode laser measurement, accuracy ~ 10 MHz, unless
otherwise stated.
b Waveguide measurement, accuracy ~ 0.500 MHz.

2. Diode Laser Spectra

Spectroscopy has been performed with a Pb Salt
diode laser from Laser Analytics. The diagram of
the experimental set up will be given elsewhere. The
emission frequency of the diode is calibrated by
using varactor mixing with a stabilized COg laser
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[13]. A microwave source (4—8 GHz) and/or RF
sources (60—1050 GHz) were used to produce fre-
quency markers on the CHsF spectra. Frequency
measurements were performed by displaying simul-
taneously the absorption spectra and the beatnote
resulting from varactor mixing. Transition frequen-
cies were determined by setting a beatnote on the
line center via adjustment of the microwave or RF
frequency. As for the inverted lamb dip measure-
ments, absolute frequency measurements result
from the knowledge of the fluorescence stabilized
COs; reference laser frequency. However in this case
the accuracy of the measurements was limited be-
cause of the Doppler widths of the absorption lines
and because of the calibration of the microwave
source. The frequencies of the lines are given in
Table 1. The uncertainty is estimated to be 10 MHz
although it could have been reduced by a direct
measurement of the microwave frequency or by
locking the diode frequency to the absorption lines.
Most of the lines measured are complementary to
previously measured spectra.

Analysis

The appropriate expression for the rotational
energies in the vibrational ground state is [14]
Ey= (Ao — Bo)K2 + BoJ (J + 1)
— DJJ2(J +1)2 — DJEJ(J + 1) K2
— DER4 4+ HJJ3(J +1)3
+ HIEJ2(J + 1)2K2
+ H Y J(J +1)K4 + HYKS.

For an accurate analysis of the v3=1 excited
state it is necessary to take into account the Coriolis
interaction between the v3 and vg fundamentals. To
do this, we have to calculate the eigenvalues of

small matrices whose maximal dimension is 3 X 3
and whose elements are [15]

Hy=<v3=0,v6=1%*;J, K+ 1|H|v3=0,v6=1+; J,K + 1)
=6+ BeJ (J + 1) + (46 — Be) (K + 1)2 — 24l (K + 1);
Hyo=<(v3=1,v6=0; J,K|H|vs=1,v4=0; J,K) =v3+ B3J(J + 1)
+ (43 — By) K2 — D§J2(J + 1)2 — D3%J(J + 1) K?
— DEER4 + H{J3(J + 1)3 + HJEJ2(J + 1)2K2 + HEV J (J + 1) K4 + HE KS;
Hzgz3=C(v3=0,v6=1";J,K—1|H|v3=0,v6=1"; J,K — 1)
=+ BeJ (J + 1) + (46 — Bs) (K — 1)2 + 245 (K — 1);
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Table 2. Molecular constants of CH3F. Fixed parameters (cm=1): yg=1182.676052, A¢=5.20063, Bg=0.8478838%,

Ale=1.543783, (% =0.318P.

Ground state vg=1
v 31436560.30  (62) MHz
B 25 536.14942 (70) 25262.8189 (197) MHz
Dy 60.2350 (308) 60.433 (201) kHz
Dyx 439.418  (111) 400.34 (1.27)  kHz
Hy 0.879  (390) 364  (70) Hz
H g —17.84 (5.47) — 258 (6.6) Hz
Hgg 34.2 (21.2) 158.0 (209)  Hz
A~ B’ — (4" — B") — 18513 (119) MHz
D'x — D 18.67 (1.35) kHz
Hy—H% — 662 88)  Haz
a Ref. [17], P Ref. [15].
Hyp = —G3)/(J — K)(J + K + 1); Eeach transition was weighed by the inverse
square of its expected uncertainty.
Hys =Gs)/(J+ K)(J — K £+ 1) q P y
. vs + Ve Coneclusion
with G3g = — £ i Bells.
V2376 Comparison of our By, Dy, D% with those of

When K =J:Hgyy = H;35=0 and when
K=—J:H33=H13=0.

The molecular constants of the ground state and
the »3 fundamental are simultaneously fitted using
a weighted least-squares program. As the Coriolis
interaction is relatively weak, the constants of the
y¢ fundamental and the Coriolis interaction con-
stant are constrained to their known values
(Table 2). The input data are:

I) the newly observed transitions of the »3 band
listed in Table 1;

the laser-Stark measurements of the »g band
(3, 4];

the tunable side-band laser measurements [1];

II)

1II)

IV) the microwave transitions of both the ground

state [5, 6] and the vs =1 excited state [7, 8];

V) the submillimeter transitions of both the
ground state [9] and the vg=1 excited state
[9, 10].
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